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THE LAST VOLUME OF “POPULAR SCIENCE” 

THE MEN OF FOREVER 


i The time has come when we are in 
■ * sight of the end of these pages. 
With these words Popular Science 
*opens its final volume. 

It has sought to fill a vacant place on 
the bookshelves of our time. There have 
been books of popular science before, but 
no other book can quite compare with 
this. It has sought no reflected glory 
from great names, but it has within it an 
authority that mere names in themselves 
can never give. It would have been easy 
to fill the front page of this work with 
illustrious names that carry weight and 
give distinction ; it would have been 
simple to adopt the conventional way of 
advertising the authority of a scientific 
work. But it would not have been easy, in 
such a case, to give to Popular Science 
thatcomprehensiveness, that plainness of 
language, that picturesqueness of treat- 
ment, that freedom of method, that abun- 
dance of illustration, which have been 
characteristic of it from the beginning. 

- It is hoped that Popular Science is 
its own vindication, that the wisdom of its 
method has abundantly declared itself as 
these pages have made their meaning 
plain. These vtoluryes were designed to 
be a great Court of Appeal for those who, 
knowing little of scientific things, might 
seek enlightenment in any one of a hun- 
dred fields in which men nowadays en- 
gage their thoughts. We are all scien- 
tists now, in some degree ; we live in an 
age when the clock can barely go round 
once without marking the birth of some 
new idea, some great discovery, some 
far-reaching invention. 

And so it is hoped that this work has re- 
sponded to a real demand, in providing a 
popular statement of the scientific out- 
look on the world, a popular record of the 
scientific achievements of our own age 
and ages past, and a scientific vision of 
the future to which both past and present 
lead, and of which we are largely the 
makers. We have sought to remember 
in all things that science, which is truth, 
knows neither place nor time ; we have 
sought to keep out of these pages what- 
ever serves a smaller thing than Truth 
itself; we have sought to embrace 
Withiq these volumes as complete $ 


scheme of scientific knowledge as could 
be brought together in a single work. It 
is a book of information, a book of ideas, 
a book of hope and faith as well ; and it 
holds no narrow view of Life. No man 
can be a poorer citizen, and he may well 
be a richer, for anything he has read in 
these pages now advancing to their end. 

No word of apology is needed for the 
shape this final volume takes. If science 
knows no ending, it is because the men 
of science go on for ever learning, for 
ever probing deeper into the mysteries of 
Life, for ever creating new instruments of 
knowledge and new forces for progress. 

Who are these men who thus hold in 
their hands the keys of Nature that are 
opening wide, and will open wider still, 
the doors of the Temple? This volume 
will introduce us to them. Wh were 
they who laid for us the foundation of 
learning, in toil and often in tribulation, 
during ages past ? These pages will in- 
troduce us to them also ; the thinkers, 
inventors, and discoverers ; the explorers 
of the earth and of the universe. Men of 
yesterday, today, and of the great For 
Ever, come into our human story. Past, 
Present, and Future are here. 

So that we end, in this volume, with 
our eyes on the horizon. Wider and 
wider Nature throws open her doorways, 
wider and wider the river of knowledge 
flows. Farther through the telescope, 
deeper through the microscope, the eyes 
of men peer into the depths. What will 
they see in the days that lie beyond us? 
We who, as these words are written, 
flash our thoughts across the sea, and 
await the day when we shall bridge the 
ocean with our very voices — how shall 
we speak, and where, and by what won- 
drous power, when the men now working 
out the mysteries of the ether have taken 
their next leap into the future? We who 
toil and spin with mighty instruments 
of power like steel cathedrals — how shall 
we use our leisure when the # explorer of 
the atom chains this invisible force to do 
our toiling for us? 

. That great day waits, and we can 
only dimly see. But the sun will rise, 
and men’s eyes will see the dawn. 

Arthur Mee 
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BIOLOGISTS 


JEAN LOUIS AGASSIZ--" A GREAT INTRR- 
• NATIONAL” 

LORD AVEBURY— FRIEND OF INSECTS 
J. W. BALLANTYNt — SCIENCE AS THE 
FRIEND OF MOTHERHOOD 
SIR JOSEPH BANKS — A NATURE- 
TRAVELLER ROUND THE WORLD 
SIR THOMAS BARLOW— A MASTER- 
STUDENT OF INFANT LIFE 
H. W. BATES— SCIENCE IN THE FOREST 

JEAN LOUIS AGASSIZ 
" A Great International ” 

J ean Louis Rodolimik Agassiz, one of the 
most popular men of science of the second 
and third quarters of the nineteenth century, 
and almost the last to remain faithful 
to the theory of special creation against 
the proofs of evolution, was the son of a 
Swiss pastor in the Fribourg Canton, lie 
was born at Motier, in the neighbourhood 
of Lake Neuchatel, on May 28, 1807. His 
education, begun in Switzerland, was con- 
tinued in Germany and Franco, and he 
graduated both in philosophy and medicine. 

While still a student, his attention was 
■drawn to the study of fishes by a request 
that he ^ould arrange a collection of 
fresh-wat er** fishes that had been brought to 
Switzerland from Brazil, and he passed on 
from this work to a <>tudy of the fishes 
of his native district. When only four-and- 
twenty he was appointed Professor of 
Natural History in the University of Neu- 
chatel. It was a natural transition from the 
study of living fishes to the study of the 
fossils of the species, as they abound in 
Switzerland. Extended studies led Agassiz 
to introduce a new classification, which, 
however, has not entirely held the field. 
From fishes he enlarged the range of his 
observations to invertebrate animals, and 
quickly attained a European reputation. 

Coming to England, he made the ac- 
quaintance of Hugh Miller, and by his 
appreciation of the studies of the Scottish 
stonemason -which lay largely in the fish- 
bearing strata — helped to popularise that 
unfortunate genius. On his return to 
Switzerland, Agassiz took up the study of 
glacial movement, so closely associated 
later with the names of Forbes and Tyndall, 
and his theories of glacial action attracted 
universal attention. During a later visit 
to .England he, working with* Buckland, 
described, according to his theory, the 
effects of glaciation in this country. 


WILLIAM BATESON — ENGLISH LEADER 
IN THE STUDY O.E HEREDITY 
LOUIS DANIEL BEAUPERTHUY- A WON- 
DERFUL OFFICER OF HEALTH 
SIR CHARLES BELL— THE INVESTIGATOR 
OF THE NERVOUS SYSTEM 
CLAUDE BERNARD — THE CHEMIST-EX- 
PLORER WITHIN THE BODY 
FRANCOIS BICHAT —FOUNDER OF THE 
SCIENCE OF MINUTE ANATOMY 

He was now invited to lecture in the 
United States, and arrangements were 
made for a study by him <>f the geology 
of the Republic, which, till that time, had 
been quite inadequately undertaken. His 
work in America, prodigious in amount, 
and covering a very wide range, was so 
much appreciated that, though he suffered 
terribly from home-sickness, he never 
returned to Switzerland. 

He was appointed Professor of Zoology 
and Geology at Harvard, and joined the 
circle of delightful men who in that day 
gave the United States a distinction in 
the world of literature which it has never 
attained since. One of his innumerable 
activities was the formation at Cambridge 
of a scientific museum. This he finally gave 
to the public. Even the holidays which 
so rarely diversified his strenuous work 
were spent as scientific excursions, and 
carried him as far afield as Brazil. His 
studies in the Alps had convinced him of 
the need for a study of Nature where the 
objects under observation were in situ, and 
so he established on an island a practical 
school of marine zoology. 

The work of Agassiz had the double 
character of popular exposition and original 
research, and in its enthusiastic prosecution 
he wore himself out. He died at Cambridge 
on December 14, 1875, and his grave is 
marked by a glacial boulder and pine-trees 
sent out from his native Switzerland. 

The impression made by the personality 
of this charming man of science is reflected 
with fine truth and delicacy in the poem 
read by Longfellow at the meeting com- 
memorating the Switzer’s fiftieth birthday. 

Though some of the views helc> by Agassiz 
have been overthrown, and his work was 
too wide and eager to be always exact, he 
holds an honourable place as a devotee 
of science. He left a son. Alexander, who 
carried his work on with distinction, and a 
wife who proved a sympathetic biographer 
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LORD AVEBURY 
A Student and Friend of Insects 

Lord Avebury, known until his elevation 
to the Peerage, in 1900, as Sir John Lubbock, 
was born on April 30, 1834; in London. His 
father was a banker, who was also, however, 
a scientific amateur, belonging to the dis- 
tinguished class of such who have played a 
large part in the development of science in 
this covfhtry. The young Lubbock became a 
banker, like his father, but he also inherited 
strong and effective scientific tastes. 

As a politician Lord Avebury was re- 
sponsible for the introduction of Bank 
Holidays in 1871, and for the Shop Hours 
Act of 1889. In 1881 he was President of 
the British Association. Throughout his life 
he has been a copious writer on many 
subjects. His books on the influence of 
geology on scenery, illustrated specially in 
the scenery of the British Islands, and of 
Switzerland, have add^d scientific interest 
to the pleasures of travel. 

His popular chatty volumes on “The Use 
of Life” and “The Pleasures of Life” were 
widely read, and he was an early student of 
early man and primitive society. 

His first-hand work upon very different 
kind, of societies is, however, his most 
notable claim to the respect of students of 
science. Already in 1874 we find him 
contributing to the study of insects, and 
his “ Ants, Bees, and Wasps,” published in 
1882, must long be a classic on this subject. 
To Lord Avebury is due the real and sub- 
stantial credit of having been able to 
recognise the interest of insect societies 
before it was generally perceived. His 
work, thought at first to be of a kind 
almost beneath the dignity of professional 
naturalists, has proved to be the starting 
point of a branch of study still only in 
its infancy, and from which some of the 
most significant truths of the living world 
are being, obtained. In many notable 
respects insect societies, and the instinctive 
capacities of insects, as studied by Lord 
Avebury with such success a generation ago, 
are superior to anything in human achieve- 
ment. The philosophical significance of 
these facts has been appreciated by Bergson 
in his “ Creative Evolution,” and in 
Maeterlinck’s “ Life of the Bee.” 

Entomoldky has proceeded in many new 
directions during the last three decades, 
notably in its economic relations, and in 
regard to the influence of insect life upon 
the incidence and conveyance of disease 
in the higher animals and ourselves. But 
entomology is to be valued above ah for its 


contributions to the philosophical and central 
problems of biology and of psychology, 
and the name of Lord Avebury will always 
rank among its pioneers. 

J. W. BALLANTYNE 
Selene a as the Friend of Motherhood 

Dr. J. W. Ballantyne was born at 
Dalkeith, near Edinburgh, in June, 1861. 
He entered the University of Edinburgh in 
1877, and early began to devote himself to 
the subject which he has made his own, the 
study and the care of ante-natal life. H< 
has always been a hard worker, with a 
guiding idea in view. In 1883, at graduation, 
we find him already started on that inquiry 
which, thirty years later, is recognised under 
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the “ maternity benefit ” of 1913, with its 
reference to, at any rate, thejast fortnight 
of ante-natal life. 

As in many other instances, the study of 
disease and the abnormal has led on to 
something better still. Dr. Ballantyne is 
the recognised founder of ante-natal 
pathology, a subject on which he has 
published two large volumes and a host of 
papers. But his observations on disease, 
deformity, and upon such monstrosities as 
the public makes acquaintance with under 
such names as the “ Siamese Twins,” may 
be regarded, as preliminary to that con- 
structive demand for expectant mother- 
hood which has found voice and practical 
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form in Dr. Ballantyne’s work during the 
present century. 

Ante-natal disease is often liable to lead 
to a tragedy, single or double, when the 
crisis of birth arrives. These are the most 
<iwful events in medical practice, the best 
skill and attention being often powerless 
before them. Every maternity hospital is 
familiar with them, the patient arriving in 
extremis when the case has been found 
hopeless outside. Dr. Ballantyne's first 
task, therefore, was to systematise and 
extend our knowledge of ante-natal disease. 

For this the maternity hospitals have 
made no provision, bat in igoi, thanks to 
Dr. Ballantyne’s advocacy and to the 
generosity of one of the physicians to the 
Edinburgh Maternity Hospital, a bed was 
endowed and opened for the purpose. That 
bed has now become a pro-maternity ward, 
the first-fruits of one of the greatest ideas 
in the history of medical science. 

More than ten years ago, an American 
critic of Dr. Ballantyne’s work wrote that 
" ante-natal pathology is preventive medi- 
cine in its most hopeful aspect, yet it is 
practically unexplored.” But Dr. Ballantyne 
has proceeded to the study of all those 
dietetic, toxic, and other conditions of 
expectant motherhood which may be of 
importance, first because they may kill or 
nearly kill the mother when the crisis of 
birth arrives, and second because they 
affect the earliest nurftire of her child. 

In this connection Dr. Ballantyne has 
directed special attention to such agents 
as alcohol, lead, and the toxic products of 
certain infections, such as syphilis. Directly 
the study of infant mortality and the general 
physiology of infant life began to assume 
its real importance in this country, it 
became apparent that Dr. Ballantyne had 
not spent all these years upon a subject 
unfit for more than the gratification of an 
almost morbid curiosity. On the contrary, 
he was investigating causes of which all 
men are in large measure the consequences. 

It soon became clear to Dr. Ballantyne 
that the organ called the placenta, which 
is distinctive to the higher members of the 
Mammalian, or highest order of animals, is 
all-important in ante-natal life. It is entirely 
unique in the world of life, for it is a double 
organ, half of it being derived from maternal 
tissue, and half of it from the child ; in it, 
therefore, two generations are one. By 
means of it the new generation is nurtured, 
ventilated, cleansed. The unborn child 
finds in the placenta not merely mouth and 
stomach, but lungs and kidneys and skin. 


Nay, more. Dr. Ballantyne found, when 
all the existing data were collated and 
digested, that the placenta is a protective 
filter, which keeps back from the child 
many agents that may be circulating 
within the blood of the mother, and may 
be poisoning, and indeed killing, her. 
Against certain substances, however, to 
which we have already referred, the placenta 
is almost or wholly powerless. The identi- 
fication of those substances woulct alone 
entitle any man to lasting fame. 

If we are to have more useful power, we 
must have more knowledge, and that know- 
ledge is now being slowly but surely obtained 
by Dr. Ballantyne and his followers. In a 
remarkable and prophetic paper, contri- 
buted to medical literature in 1901, Dr. 
Ballantyne described that which then 
existed only in his mind, and now exists 
only in so far as a single 'ward in the 
Edinburgh Maternity Hospital is con- 
cerned, but may be more nearly realised 
before the life-work of this veritable pioneer, 
now in his prime, is completed. 

In the Pro-Maternity Hospital of Dr. 
Ballantyne’s dream, there was a Salle des 
Innocents, where expectant mothers were 
being treated with mercury, though they 
were free from syphilis themselves, because 
the fathers of their children had had the 
disease, and now, or never, was the time to 
cure the unborn and innocent victims. In 
another ward the expectant mothers were 
being so wisely nourished that the nutrition 
of their unborn children was being promoted 
in order to avert the misfortune of prema- 
ture birth, which is at this moment the 
cause of one-fourth of our infant mortality. 
Above the portal of another ward was the 
word “ Heredity,” and therein the visitor 
saw a member of a luemophilic family, now 
on her way towards confinement, with its 
terrible risk for herself and her unborn 
infant. Then, he says, ” I had a peep into 
the ward of the habitual inebriates, who 
were being kept from all alcoholic prepara- 
tions during pregnancy.” 

Such was the dream of this dreamer, who 
belongs to the rare and illustrious band of 
those natural leaders of mankind who, 
dreaming, work until their dreams come 
true — which is Parturition indeed. 

SIR JOSEPH BANKS 
A Nature-Tnveller Round the World 

Sir Joseph Banks, the famous botanist, 
was born in London on February 13, 1743. 
He was educated at Harrow, Eton, and 
Oxford, but nevertheless retained the keen 
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taste tor the study of natural objects 
which was inborn in him. He was a man 
of considerable wealth, which he devoted 
to the great interest of his life, and in him 
we thus find a notable member of that 
band of amateurs who are almost the pecu- 
liar glory of English science. 

His first voyage was made to New- 
foundland, when he was only twenty-three. 
Two ygars later he accompanied Captain 
Cook on his voyage round the world, in a 
ship provided by himself. With him on 
this voyage was a pupil of the great Lin- 
iiccus, and from the first it could be seen 
that Banks meant his collections to be 
systematic and exhaustive, after a fashion 
that would have pleased the father of 
systematic nomenclature himself. 

" Banks was the first man to describe 
Staffa, the geological wonder of Scotland, 
and at the early age of thirtv-five he 
became President of the Royal Society, 
a post which he retained until his death, 
more than forty years later. He accepted 
a baronetcy in 1781. The bread-fruit and 
the mango were introduced into the West 
Indies by him. He died at Isleworth, on 
June 19, 1820, bequeathing his books and 
botanical collection to the British Museum. 

SIR THOMAS BARLOW 
A Master-Student of Infant Life 

Sir Thomas Barlow was born at Edg- 
worth, in Lancashire, on September 4, 1845. 
He was educated at Owens College, Man- 
chester, and University College, London, 
and, while studying various departments of 
general medicine, devoted himself particu- 
larly to the disease's of childhood. He is 
consulting physician to the Hospital for 
Sick Children in Great Ormond Street. 

In 1895 Sir Thomas Barlow described 
the characteristics of a malady of infancy 
which is generally known as “ infantile 
scurvy,” or “ Barlow's disease.” This is 
due to errors of nutrition, and the recog- 
nition and study of it have thrown much 
light upon the subtler and more important 
aspects of human diet in the earlier stages 
of development. Among other notable 
results of such studies, Sir Thomas Barlow 
has been led to take up a position worthy 
of his record in regard to the abuse of 
alcohol in medical practice. 

He received the honours of knighthood 
and a baronetcy in 1901. In 1909 he 
became a Fellow of the Royal Society, 
and since 1910 has been the President of 
the Royal College of Phvsicians. In the 
autumn of 1912 he accepted the office of 
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chairman of the National Association for 
the Welfare of Infancy, which was then 
formed, and since that date he has worked 
steadily for this body, and thus for the 
practical realisation of the scientific in- 
quiries to which his life has been devoted v 

HENRY WALTER BATES 
Taking Science into the Forests 

Henry Walter Bates, one of the last of 
the old school of 0 naturalists,” was born 
at Leicester on December 8, 1825. The 
son of a hosier in that city, he was pre- 
destined to bot anise, collect, and explore. 
Before he was twenty, he met Mr. Alfred 
Russel Wallace, who was only a couple 
of years older, and in 1848 the two set sail 
for South America. There they worked 
together for two years, and for nine years 
more Bates continued his travels and 
observations, succeeding, as Mr. Edward 
Clodd tells us, in collecting eight thousand 
species of insects formerly undescribed. 

On his return to England he was ap- 
pointed, in 1864, assistant-secretary to the 
Royal Geographical Society, and in that 
post he did useful work of another kind 
for science. In the preceding year Bates 
had published his " Naturalist on the 
River Amazon,” persuaded thereto by 
Darwin himself. 

The pioneer work of Bates as a describer 
and collector of new livin&forms will always 
stand to his credit, though such work, like 
much which was more necessary in the past 
than today, is purely of a mechanical and 
routine order. Interpretation, the ultimate 
aim of science, is the essential matter ; and 
on this plane the name of Bates will always 
be associated with his interpretation, based 
on his observations on the Amazon, of the 
resemblances which are sometimes found 
between individuals of species far removed 
in the kingdom of life — even between leaves 
and insects, and also between living 
organisms and the colour or texture of their 
usual environment. The theory of Bates 
was a strictly Darwinian one, the argument 
being that the peculiar characters of the 
species which mimicked another, or its 
surroundings, were favoured and produced 
by “ natural selection.” It is now, how- 
ever, necessary to reconsider all these ques- 
tions in the light of our slowly accumu- 
lating and still inadequate knowledge of the 
origin of variations. 

Bates made a great collection of certain 
species of insects during his latter years. He 
was elected a Fellow of the Royal Society, 
and died on February 16, 1892. 
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WILLIAM BATESON 
The English Leader in the Study of Heredity 

William Bateson was born at Whitby in 
1861, son of the Rev. W. H. Bateson, 
Master of St. John’s College, Cambridge. 
Jie was educated at Rugby and Cambridge, 
and proceeded to research in biology. 

His first book, “ Materials for the Study 
of Variation,” was published in 1894, and 
its title sufficiently suggests what was to 
follow. Already, in his early thirties, the 
young student was wholly dissatisfied with 
what had by that time become the orthodox 
creed of biology regarding the nature and 
origin of variations. Though this subject 
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lies at the very foundation of organic evolu- 
tion, so that no superstructure can be built 
upon any other, the fact remains that 
Darwin and his followers had devoted 
extremely little attention to the primary 
questions which it involves. The materials 
for any adequate study of the subject had 
not even been collected. 

At that date the name of Mendel was 
unknown to the young sceptic who was not 
satisfied with orthodox Darwinism, as well 
as to everyone else, though the Silesian 
student had been dead for ten years, and 
though his essential work was actually 


already thirty years old. Six more years of 
continued research were to pass before, in 
1900, attention was directed to Mendel’s 
work. This was precisely the starting point 
for which Bateson had been seeking, with- 
out any idea that it had already been 
reached by a predecessor. 

The constructive work of Professor Bate- 
son thus dates from the beginning of the 
present century, during which he has 
become, very definitely, the leader*of the 
new school in biology. The discovery of 
Mendel’s work became a searching test of 
the real quality of biological students. The 
great majority, as was to be expected, 
failed to see its significance, and were con- 
tent with the Darwinian explanation of 
organic evolution, in which all the elder 
among them had been brought up. But 
Professor Bateson, as his previous work had 
shown, was ready for the new illumination, 
and prepared to go whither it led. 

As early as i902 he published a small book, 
called “ Mendel's Principles of Heredity,” 
in which he showed what Mendel's dis- 
covery must mean for biology, at a time 
when it was thought to be, at most, a mere 
freak of Nature, under unusual and unim- 
portant conditions. That small book be- 
came the nucleus of the large volume 
published under the same title in 1909, and 
now the standard work upon Heredity. A 
third edition, revised and brought up to 
date, was published early in 1913. 

In 1904 Professor Bateson was awarded 
the Darwin medal of the Royal Society ; in 
1907 he gave the Silliman Lectures at Yale 
University ; in 1908-9 he held the new 
Chair of Biology at Cambridge, founded in 
honour of Darwin ; and he is now Professor 
of Physiology at the Royal Institution, and 
has been director of the John Inncs Horti- 
cultural Institution, Merton, Surrey, since 
1910. There he continues his researches 
upon the laws of heredity by the method 
of experimental breeding which Mendel 
employed, and which had been almost 
wholly neglected by biologists since the 
publication of the Origin of Species.” * 

To Professor Bateson we owe the intro- 
duction of the much-needed word ” gene- 
tics,” by which is meant the physiology or 
natural laws of heredity and variation. 
Though the word is scarcely familiar, 
even to many professed biologists, a Chair 
bearing this title already exists at Cam- 
bridge, and is occupied by Professor Bate- 
son’s principal follower in this country. 

The more essential features of Professor 
Bateson’s contributions to biology are best 
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to be found in the inaugural lecture which 
he delivered on his appointment to the now 
defunct Chair of Biology at Cambridge in 
1908, and which is entitled “ The Methods 
and Scope of Genetics.” 

Genetics, according to its great pioneer 
of today, is in the main line of progress ; it 
“ is still pushing forward in the central 
undifferentiated trunk of biological science. 
. . ,. Mendel’s clue has shown the way 

into a realm of Nature which for surpris- 
ing novelty and adventure is hardly to be 
excelled.” Those who are well acquainted 
with Professor Bateson as a living figure of 
our time will be aware of the zest and sense 
of splendid discovery with which his work 
is done and its results declared. A leader 
like this finds followers. 

Mendel had shown that certain opposite 
characters of living things arc relatively 
” dominant ” or " recessive ” in inherit- 
ance. If parents having these characters 
respectively be mated there is no compro- 
mise or blending, but the “ dominant ” 
character appears in all the offspring. 
Mendel offered no explanation of dominance 
and rccessivencss as he had discovered 
them. To have attempted and achieved the 
explanation is Professor Bateson's chief 
contribution to genetic theory, as distin- 
guished from the accumulation of data by 
research. He has formulated what used to 
be called the “ presence and absence hypo- 
thesis,” but what is now more than a specu- 
lation, and is indeed dearly the explana- 
tion of the facts. In brief, dominance in 
heredity is due to the presence in a germ-cell 
of a factor, the absence of which from that 
germ-cell would lead to the appearance of 
the recessive character. We are no longer 
required to believe in the existence of 
puzzlingly opposite factors in the germ- 
cells, but in the presence or absence of a 
factor, in the presence of which the dominant 
character will appear, while the recessive 
character will appear in its absence. 

It is nat ural to ask what are the ” factors ” 
in the germ-cells whose presence and 
absence have such largo and definite conse- 
quences. For this question genetics has been 
fortunate, in that its leader has the philo- 
sophic breadth of mind to see where his 
particular department of science comes into 
relation with, and requires the assistance of 
others. Professor Bateson points out that 
physiological chemistry stands in the closest 
possible relation to the ultimate problems 
of genetics, and he urges his followers to 
maintain the most cordial sympathy and 
connection with workers in other fields— 
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first the chemical physiologists, then the 
microscopists who study the minute features 
of the germ-cells, and also with specialists 
in all the other branches of biology 

We find in Professor Bateson's work no 
tendency to belittle the work of Darwin, his 
illustrious predecessor, though, indeed, he 
has had some very stern tussles with some 
of the modern Darwinians so-called. Nor 
do we find him claiming for genetic research 
more than it is yet entitled to, or may ever 
be entitled to. In his large book he writes : 
” Mendelism . . . provides no fresh clue 
to the problem of Adaptation. . . . That 
the variations are controlled by physio- 
logical law, we have now experimental 
proof, but that this control is guided ever 
so little in response to the needs of Adapta- 
tion there is not the smallest sign.” The 
principle of natural selection may thus 
remain, as helping us to understand adapta- 
tion, though far more limited in scope than 
used to be supposed. 

It has been obvious now for several years 
to all students of organic evolution that 
the principles of that subject require fresh 
discussion from the beginning. Thought and 
knowledge have themselves evolved since 
Darwin wrote, more than fifty years ago. 
For this task Professor Bateson is evidently 
the appointed man. 

Conspicuous among the deeper questions, 
upon which as yet we«have far too little 
exact knowledge, ait those dealing with the 
nature and heredity of sex. Upon this 
subject Professor Bateson delivered an 
important series of lectures at the Royal 
Institution early in 1913, and during their 
course he clearly showed how genetics, in 
the case of man, furnishes the sole basis 
for a scientific eugenics. 

LOUIS DANIEL BEAUPERTHUY 
A Wonderful Officer of Health 

Louis Daniel Beauperthuy was a heroic 
pioneer in the struggle of the white 
races against the deadly diseases of the 
tropics. Working at a time when men were 
not prepared for the great advance he 
made, his name fell into obscurity, but it 
has recently been recovered and glorified 
by Englishmen. Beauperthuy was born in 
the tropical island of Guadeloupe, in the 
West Indies, in 1803 He studied medicine 
in Paris, and became a physician with a 
strong biological turn of mind, and a skilful 
user of the microscope. In studying a 
disease, he would follow it up, in no matter 
what country it broke out. It was thus with 
that scourge of the American tropics— 
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yellow fever. Whenever an epidemic of it 
occurred in the islands of the West Indies, 
he set off to make researches on the spot. 
In middle age, we find him at Cumana, in 
Venezuela, where a particularly virulent 
putbreak was ravaging the coast. He 
had then been making microscopic studies 
of the blood and secretions in various 
types of fevers for fourteen years, and 
the authorities appointed him a health 
officer. By 1856 he was able to draw 
the main outlines of a discovery that is 
destined, as we are just beginning to 
perceive, to have an extraordinary effect 
on the destinies of mankind. 

“ Marshes do not cause in man the 
slightest indisposition in equatorial and 
inter-tropical regions, notorious for their 
unhealthiness. Nor is it the putrescence 
of water that produces the unhealthiness. 
It is the presence of mosquitoes . Remittent, 
intermittent, and pernicious fevers, just 
like yellow fever, have as their cause an 
animal or vegeto-aniinal virus, the intro- 
duction of which into the human body 
is brought about by inoculation. The 
mosquito plunges its proboscis into the 
skin and introduces a poison that softens 
and breaks the red blood corpuscules. 
Intermittent fevers disappear or lose much 
of their severity in upland regions which 
have few of these insects/' 

Never in the # history of medicine has 
so carefully thought-out a prognostication 
received such remarkable scientific con- 
firmation. Having practically solved the 
problem of the chief diseases of the tropics, 
Beauperthuy took up the study of leprosy. 
He died at this work in British Guiana, 
September 3, 1871. The value of his work 
was not recognised until some British men 
of science lately found that certain mos- 
quitos and flies were the carriers of micro- 
scopic agents of diseases. 

* SIR CHARLES BELL 

The Founder of Our Knowledge of Health 

Sir Charles Bell was born in Edinburgh 
in November, 1774. His father was a 
clergyman, and his mother, the daughter of 
a clergyman, was a woman of rare qualities. 
She had six children, three of whom rose to 
eminence. Charles was her youngest son. 
From the Royal High School young Bell 
proceeded to the university of his native 
city, and thence to the dissecting-room and 
surgery of his elder brother, John Bell, who 
was already well known. Bell, however, 
never allowed that he had received any real 
education but from his mother. 


She drew well, and the boy was naturally 
apt in the important business, as it then 
was, of drawing the facts which dissection 
revealed. These were the days before photo- 
graphy, and frozen sections, and the issue 
of, anatomical plates prepared for use with 
the stereoscope, in order to get impressions 
Of structure in natural relief. In an hour, 
now, the student may see, and display to 
others, more than would have cost Bell 
weeks of labour. For several years he 
devoted himself to this kind of wor£, until, 
to the lasting discredit of those in authority 
in Edinburgh, the jealousy of his seniors 
excluded him from any opportunity of con- 
tinuing his work there ; and when he was 
exactly thirty years old he migrated to 
London, where his knowledge, enthusiasm, 
and skill soon won for him great success as 
a teacher of anatomy to surgeons and artists, 
and as a surgeon. 

“ Surface markings ” and operation fees, 
however, were not enough to satisfy the 
mind of so original a student as Bell. For 
him the body and all its details, superficial 
and deep, had meaning, and it was to the 
elucidation of Design, in the great sense, 
that his work was really devoted. Even 
before he came to London he had been led 
to study the nervous and muscular appar- 
atus of the face and associated parts, not 
merely as anatomical facts, but as means 
for the expression of psychical facts. Hence 
his famous book, the “ Anatomy and Philo- 
sophy of Expression," wherein he showed 
how the seventh or facial pair of cranial 
nerves, in man as in many of the lower 
animals, controls a numerous and complete 
group of tiny muscles, which were called by 
him the “ muscles of expression," and which 
play a quite extraordinary part in the mutual 
relations of mankind. Paralysis of this nerve 
is now known as " Bell's paralysis." 

Here is Darwin's verdict on his great 
predecessor in the study of expression. 

He may with justice be said not only to 
have laid the foundations of the subject as 
a branch of science, but to have built up a 
noble structure." Darwin, too, quotes the 
opinion of a French student. “ The book 
of Charles Bell ought to . be studied by 
whoever ventured to discuss the visage of 
man, by philosophers as well as artists, for, 
under a lighter appearance and under the 
guise of aesthetics, this is orlfe of the most 
beautiful monuments of the science which 
deals with the relations between the physi- 
cal and the psychical." 

These opinions are the more significant 
because of the fundamental opposition 
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between Sell and his famous successor. Bell 
believed and taught, and sought by his 
researches to demonstrate, that man was 
specially created as he now is ; indeed, the 
theory of special creation never had a 
doughtier champion than this close and 
searching student of the highest existing 
form of living organism. Darwin, on the 
other hand, believed that the human body 
had been evolved on mechanical principles, 
and his study of expression thus leads him 
to a conclusion directly opposed to Bell's. 
Darwin, however, was no common con- 
troversialist ; there have been many 
cleverer men, but never one who was truer 
or more generous. 

w Measured by influence upon the progress 
of exact knowledge, all the earlier and latter 
work of Bell must be held secondary, 
compared with his great inquiry into the 
functions of the individual nerves which 
proceed to the body from the brain and 
spinal cord. In some cases the individual 
functions of these nerves were already 
known, as in the case of the seventh cranial 
or facial pair, studied by Bell himself. His 
great discovery dates from the year 1807, 
in which he published his essential results, 
finding order in chaos, and making possible 
thereby all further advance in our know- 
ledge of functions and co-ordination of the 
nervous system. 1 

Bell showed that there are nerves entirely 
sensory in function, nerves entirely motor, 
and mixed nerves which contain both kinds 
of fibres. This was in itself an enormous 
advance upon the view that any fibre of 
any nerve might act in any capacity ; and 
it led to the recognition of motor and 
sensory nerve-cells, from which alone proceed 
motor and sensory nerve-fibres respectively. 
From this moment a real anatomy and 
physiology of the nervous system became 
possible. Finally, and most celebrated of all, 
came the discovery of the nature of the two 
roots of a spinal nerve. From the spinal 
cord, in man and the higher animals, there 
proceed numerous pairs of nerves, each of 
which nerves is formed by the union of two 
roots, one springing from near the front of 
the cord and another from a point further 
back. 

By dividing the roots of such nerves in 
living animalg, Bell found that the anterior 
roots are always motor, and the posterior 
roots always sensory, the nerves formed by 
their union being thus mixed nerves. This 
discovery was of crucial importance, not 
merely for anatomy, but in the practice of 
medicine and surgery, since from it has 
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sprung that knowledge of the nervous 
system which enables us to recognise the 
meaning of a patient's symptoms of para- 
lysis or loss of sensation, and to treat the 
thus found cause upon which his symptoms 
depend. 

Though this part of Bell's work will 
always rank first for its practical signifi- 
cance, yet more was to follow, perhaps no 
less interesting from an even higher stand- 
point. As a devoted student of the mechan- 
ism of the body, Bell was entirely con- 
vinced that, in a thousand and one details, 
it showed evidence of Creative Design. In 
no other way could he account for the 
instances of co-ordination, of harmony, and 
of what we should now call adaptation, 
which he encountered. Hence, in 1833, he 
wrote his celebrated Bridgewater treatise 
on “ The Hand," wherein the great anato- 
mist dealt with " its mechanism and vital 
endowments as evincing design." 

In 1836 Edinburgh paid Bell the tardy 
honour of recalling him as Professor of 
Surgery, and he held that Chair during the 
last six years of his life. He died, near 
Worcester, on April 28, 1842, and his body 
was buried in Hallows churchyard, under 
the following epitaph, written by his 
famous fellow-countryman Jeffrey: "Sacred 
to the memory of Sir Charles Bell, who, 
after unfolding, with unrivalled sagacity, 
patience, and success, the. wonderful struc- 
ture of our mortal bodies, esteemed lightly 
of his latest discoveries, except only as they 
tended to impress himself and others with a 
deeper sense of the infinite wisdom and 
ineffable goodness of the Almighty Creator." 

There was a long period after Bell's death 
during which the ideas of Paley, which he 
had illustrated and restated so extensively, 
were the object of the most unqualified 
criticism on the part of the pioneers of 
science. Where Bell saw, as in the hand, 
manifold and indisputable evidence of 
creative design, the evolutionists saw only 
the outcome of a happy chapter of acci- 
dents. No modern biologist would now 
return to the views of Bell, as he stated 
them, but today we have many times as 
much evidence of what he called creative 
design as was known to him ; and if we 
need to alter his conclusions, it will not be 
in order to question his conviction that the 
body, of which he was an almost unrivalled 
student in all time, shows innumerable signs 
of purpose, but in order to maintain that 
those signs of purpose are due not to a 
manufacturer acting from without, but to a 
creative evolution from within. 
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CLAUDE BERNARD 
The Chemist-Explorer Within the Body 

Claude Bernard was born near Ville- 
franche, in France, on July 12, 1813. 
After a period, during which it seemed 
uncertain whether he was to become a 
playwright or a man of science, he went to 
Paris, and there became a pupil of the great 
Magendie, a notable figure among those who 
have applied experimental methods to the 
observation of living tissues. On it's ex- 
ternal aspect, Bernard's career thereafter 
was of no unusual kind. At various times 
he held Chairs of Physiology at the College 
de France, the Sorbonne, and the Natural 
History Museum. 

But his teaching was merely the economic 
necessity of so many original students 
before his time and since. However, 
Bernard found time for much research, 
and also for the writing and delivery of a 
large number of lectures upon his results 
and their significance. He will always 
rank as the great master of chemical physio- 
logy in its broader outlines ; and no student 
of digestion, excretion, the disorders of 
chemistry within the body, or the means of 
dealing with them, can count as other than 
a follower of Bernard. 

His principal work was done and pub- 
lished in that extraordinary decade the 
first of the second half of the nineteenth 
:entury, which ^ saw the principal and 
essential work of such men as Darwin, 
Spencer, and Bain. By means of carefully 
devised and conducted experiments upon 
living animals, Bernard was enabled to 
reveal certain functions of such glands as 
the liver and the pancreas, which are 
possessed also by man ; and, in fact, his 
results apply to organs of this type through- 
out the whole long range of animal forms 
in which they occur. They opened the 
way not merely to a far profounder under- 
standing of the methods of the animal 
body, the subtlety and resource of its 
constitution and working, but also to the 
comprehension of such diseases as diabetes, 
which depend upon chemical errors, and 
which, until Bernard's time, could not 
possibly be understood, or even adequately 
defined. # Thus to him we clearly owe the 
very great contrast between modern 
methods of treating and alleviating diabetes 
and allied diseases of nutrition compared 
with those of the past. 

The French Academy of Sciences awarded 
Bernard a prize for his first great discovery 
—that of the functions * of the pancreas. 
This large and important gland, common 


to man and the higher animals far down 
the scale, had long been a mystery to physio- 
logists. Claude Bernard contrived to collect 
some of the pancreatic juice, so that it 
could be studied — no easy task in his time, 
and one which had been attempted without 
any effective success nearly two centuries 
Earlier. Of Bernard's work on this gland, 
his English biographer, the Cambridge 
physiologist. Sir Michael Foster, says: 
“ Bernard at one stroke made ejear its 
threefold action. He showed that it on 
the one hand emulsified, and on the other 
hand split up into fatty acids and glycerine, 
the neutral fats ; he clearly proved that it 
had a powerful action on starch, converting 
it into sugar ; and lastly, he laid bare its 
remarkable action on proteid matters." 

Bernard thus went a long way, but he 
stopped short of the whole truth, for it 
was left to his successors to discover, not 
long after his death, that the pancreas also 
has another kind of juice, never yet seen 
or isolated, which is called its “ internal 
secretion," and which passes into the 
blood, with profound effects upon the 
chemistry of sugar taken in the food. 

It was in 1853 that Bernard published, 
in Paris, his “ New Function of the Liver.” 
For ages it had been known that the liver 
produces bile or “ gall," which passes into 
a kind of temporary receptacle called the 
gall bladder. The older physiologists had 
supposed that the liver was closely con- 
nected with certain states of mind and 
feeling, as, for instance, courage and 
amorous feeling. The terms “ chicken- 
livered," " lily-livered," and many allusions 
in Shakespeare and elsewhere will occur 
to the reader. Bernard set to work to 
find the facts. By feeding two dogs, one 
on a diet which contained sugar, and 
another on a diet which contained none, 
and then killing them, he found to his 
great surprise that, even in the latter dog, 
sugar occurred in the blood leaving the 
liver, though none was present in the 
blood entering it. He further found that 
the liver stores up sugar which reaches it 
from the bowel (when the diet makes that 
possible), and serves it out to the blood as 
the body requires it. The dog that had 
not been fed on sugar for eight days was, 
nevertheless, getting a supply of sugar in 
the blood that nourished it, "derived from 
the store in the liver. 

Bernard found that the liver modifies 
the sugar which reaches it, turning it into 
a substance called glycogen, which simply 
means the “ sugar-maker." Enough is 
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allowed to pass on for the bodily needs — 
sugar being a chief source of energy in the 
animal body. But when and if the amount 
of sugar in the blood, as it leaves the liver 
to go to the body at large, is insufficient, 
the liver transforms part of its store of 
glycogen back into sugar, and sends it 
forward for use. 

This was Claude Bernard's epoch-making 
discovery of what is called the “ glycogenic 
function " of the liver. He showed what 
no one had suspected, that this organ, 
which produces an obvious secretion and 
discharges it by an appropriate canal, also 
produces an internal secretion of a 
vastly subtter kind, and in relatively in- 
finitesimal quantities, which is capable of 
profoundly affecting the chemistry of 
nutrition — and without which, in point of 
fact, we could not live. 

Nor is that discovery by any means all. 
Bernard had given us a clue to a new 
world in the all but infinite cosmos of the 
living body. Internal secretions were soon 
sought elsewhere, and found ; and some of 
them, like that of the thyroid gland, arc 
now among the most invaluable and almost 
magical remedies known to medical science. 

Last, we must rank Bernard's great 
discovery that the size of the smaller 
arteries, or arterioles, is regulated by the 
action of two sets of nerves, one of which 
causes the arteries to contract, while the 
other causes them to dilate. The parts of 
the body— -brain, muscle, skin, gland, 
whatever it be — supplied with blood from 
the arteries in question are thus starved 
or flushed as the case may be. Only the 
professed student of physiology can realise 
at all adequately where we should be 
today if we did not know of the existence 
of the vasomotor system. 

Claude Bernard died in Paris on 
•February io, 1878, and was the first 
Frenchman to receive the honour of a 
public funeral. But the children of his 
fertile mind and faithful hand walk the 
earth in every land today. 

MARIE FRANCOIS XAVIER BICHAT 

Founder of the Science of Minute Anatomy 

Marie Bichat was born at Thoirette, in 
France, in 1771, the son of a medical father, 
under whosq.direction the boy soon reached 
the Clinique of Petit, the famous surgeon of 
Lyons. In 1793 he went to Paris, where, 
after a few years, he became a successful 
teacher of surgery. He was already in the 
grip of consumption, but the disease could 
not prevent him from thinking and writing. 
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His great works, containing the ideas which 
will always preserve his name, are his 
treatise on “ Life and Death," published in 
1800, and his “ General Anatomy," pub- 
lished in the following year. He was then 
only thirty, and he was about to die. 

To Bichat we owe the great name of 
Vitalism, which expresses the essence of his 
teaching. The familiar expression " vital 
force " is also his. Owing to the dominance 
of mechanical theories of life during the 
latter part of the nineteenth century, in 
England and Germany especially, few 
students in this country are aware of the 
place which Bichat must soon be recognised 
again to hold in the history of biology. His 
fellow-countrymen have always recognised 
his supreme genius, but the reader will 
vainly seek for any appreciation, or even a 
clear statement of Bichat's philosophy, in 
the standard works of reference in this 
country. It is also a singular fact, to which 
French critics must surely have drawn 
attention, that Bergson, the most conspi- 
cuous modern representative of Bichat's 
school, does not appear to be acquainted 
with his predecessor's work, and does not 
mention his name. 

Only in the pages of Dr. Theodore Merz, 
of Newcastle, who has long been and still is 
writing his great work on the “ History 
of European Thought in the Nineteenth 
Century," will the English reader find any 
adequate account ofo this illustrious youth, 
who, while himself dying of a deadly disease, 
examined six hundred corpses within a few 
years in order to learn what they could 
teach him. 

Bichat is known to all students of medi- 
cine as, in the first place, the founder of the 
science of minute anatomy — nowadays 
called histology. Or the anatomy of the 
tissues. He had no miscroscope in those 
days that could be trusted, but he founded 
histology none the less. Directly from his 
study of the structure of membranes and 
tissues, in health and in disease, Bichat 
concluded that vital processes are essen- 
tially opposed and antagonistic to those of 
the not-living world. Hence his celebrated 
definition of life as " the sum of the func- 
tions which resist death." 

“ There are," says Bichat, “ in Nature 
two classes of things, two classes of proper- 
ties, two classes of sciences. Things are 
organic or inorganic, their properties are 
vital or non-vital, the sciences are physio- 
logical or physical." Had Bichat lived 
another forty years, he would doubtless 
have modified and greatly extended his 
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views, especially because he would have 
become acquainted with the discoveries of 
Sir Charles Bell and with the results which 
experimental physiology was soon able to 
obtain. At the stage to which alone he was 
permitted to advance his thought, Bichat’s 
u Vitalism ” lacked much which we realise 
today, and which may perhaps excuse those 
who prefer the term “ Neo-Vitalism ” for 
the ascendent doctrine of modern biology. 
Bichat did not know that those who built 
on the foundations which, as the first great 
student of living tissues, he himself laid 
would find that the forces and laws of the 
physical or non-vital world are constantly 
illustrated in living tissues, and therefore 
that, in the form he gave it, his statement, 
quoted above, cannot be maintained. 

After Bichat’s time, but not long after, 
the cell-structure of living beings was dis- 
covered. Then, again, the chemists and 
physicists — Bichat was neither — such as 
Liebig and Helmholtz, began to suggest, 
and finally to demonstrate, that physical 
energies are transformed in the living body, 
and that in no circumstances can any living 
organism be found to disobey the physical 
law of the conservation of energy. Bichat’s 
term “ vital force,” or “ vital principle,” 
required restatement in the light of these 
discoveries ; and the simplest and most 
popular restatement was simply to dismiss 
it as nonsense. * 

The history of Bich&t's ideas, even after 
his death, is in place here — first, because 
they have in them part of his essential life ; 
and, second, because we cannot ” place ” 
this great man, or understand the neglect 
of him today, even in such an astonishing 
case as that of Professor Bergson, unless wc 
arc aware of the vicissitudes to which his 
theories became subject, for several decades 
after- his death. While the many rejected 
them, the few were wiser. Thus, for in- 
stance, the great German physiologist Du 
BoisReymond, twenty-five years after 
earlier pronouncements in which he leaned 
to the mechanical school, published in 1880 
his famous “ Seven Riddles of the World,” 
in which he avowed himself a vitalist, with 
cogent reasons therefor. Liebig to the end 
remained a vitalist, and so did Virchow, the 
founder of the cellular pathology, which the 
lack of a microscope had concealed from the 
eyes even of Bichat. 

Today, however, the wheel is coming full 
circle ; and though such leaders of modern 
biological thought as Bergson, Driesch, and 
McDougall, representing France, Germany, 
and England, have one and all failed even 


to mention Bichat in their principal works, 
and though some excuse for this remarkable 
neglect may perhaps be found, yet it is 
certain that this profound young student 
really belongs to the place in which Dr. 
Merz recognises him. The excuse for his 
neglect doubtless consists in the fact that 
his idea of the " vital force ” must be 
abandoned. There is no vital force in the 
sense of a force similar to physical forces 
but opposed to them. This the physicists 
have proved, and, indeed, the mere term 
“ vital force ” instantly enrages all members 
of the mechanical school. But a vital 
something requires to be recognised more 
surely now than when Bichat wiote. 

What the modern followers of Bichat — 
above all, Bergson and McDougall — main- 
tain is the existence of a vital principle 
which is by no means merely a physical 
force peculiar to living creatures, yet 
comparable to other physical forces, but 
is of another order altogether — of the 
order of mind, or the psychical. Thus 
vitalism returns, though with a notable 
difference ; and though the stream of 
biological thought will never flow back 
to Bichat, we shall be very ungrateful and 
careless if we do not recognise the place 
of this marvellous boy in the great sequence 
of those from whom our thought and 
knowledge flow. 

His pupils adored him. His last great 
work, of which he published only two 
volumes, was completed by the devotion 
of his assistants after his death He knew 
the meaning of gratitude. When he was 
twenty-four, his admiring and unselfish 
surgical teacher in Paris died suddenly, 
and Bichat maintained and was a son to his 
widow to the end. She nursed him upon his 
death-bed. Nothing had been able to stop 
his work for long ; severe attacks of haemorr- 
hage from the lungs delayed him only 
while they lasted. He needed rest, but he 
took none. He needed pure air, but he 
would not leave his place of labour in the 
dissecting-room, of all places, where many 
a consumptive before and since Bichat’s 
time has hastened his end. He died in Paris, 
on July 22, 1802, at the age of thirty-one, 
and his funeral was attended by more 
than six hundred of his pupils, and by 
many representatives of th}? profession 
which he adorned and exalted. Napoleon, 
a consummate judge of genius, had his bust 
placed in the Hotel Dieu, the great hospital 
of Paris, and the visitor may look upon a 
statue of him in the quadrangle of the 
present school of medicine. 
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DUKE OF THE ABRUZZI— THE ADVEN- 
TUROUS SON OF A KING 
ROALD AMUNDSEN — DISCOVERER OF THE 
SOUTH POLE 

WILLIAM BAFFIN— THE GREATEST POLAR 
SEAMAN OF ELIZABETHAN TIMES •« 
SIR SAMUEL WHITE BAKER -DISCOVERER 
OF LAKE ALBERT NYANZA 
VASCO DE BALBOA— THE MAN WHO 
FIRST TRAVELLED ACROSS AMERICA 
WILLIAM BARENTZ— THE MUST HERO OF 
THE POLAR SEAS 

DUKE OF THE ABRUZZI 
The Adventurous Son of a King 

T iik Duke of the Abruzzi, Prince Luigi 
Amedeo Giuseppe Maria Ferdinando 
Francesco, began his life of adventure in 
his cradle. At his birth, in Madrid on 
January 29, 1873, he was the son of a 
reigning king ; a few days afterwards he 
was merely an obscure scion of the House of 
Savoy. His father, a son of Victor Em- 
manuel of Italy, was elected to the Spanish 
throne in 1870; but a republican revolution 
broke out, and King Amadeus abdicated in 
February, 1873, and, as Duke of Aosta, 
returned to Italy. His adventurous son was 
educated in the Naval Academy at Leg- 
horn, where he distinguished himself by his 
modesty, his democratic manners, and his 
brilliant ability. A tall, lightly-built, and 
silent boy, lie felt no attraction to t lie 
aristocratic life that opened out to him as 
nephew of the King of Italy. A life of 
mingled study and adventure was what he 
aimed at, and while still a boy he dis- 
tinguished himself by scaling the peaks of 
the Demoiselles Anglaiscs on the Mont Blanc 
range. The heights were called “ The 
English Girls ” because of their coldness 
and inaccessibility. The young Duke was 
the first to overcome them. 

After finishing his studies as a naval 
officer, the Duke disappeared from Italian 
society and completed his education in his 
own way by a tour round the world. On 
his return he was still invisible to courtiers 
and clubmen ; his days were spent in 
incessant study and excursions in the Alps. 
The real fever of adventure was now stirring 
in his blood, and he was carefully planning 
out his first great achievement. On the 
borders of Canada and Alaska there is an 
Arctic mountain, St. Elias — one of the 
hardest climbs in the world. Many men 
had vainly attempted to climb it. The ice 
began almost at its foot, and the high rocks 
Were shrouded in eternal mist. 


SIR JOHN BARROW— FROM A THATCHED 
COTTAGE TO THE ADMIRALTY 
HEINRICH BARTH— FIRST EXPLORER OF 
NORTH CENTRAL AFRICA 
VITUS BEHRING— DISCOVERER OF THE 
PASSAGE BETWEEN ASIA AND AMERICA 
CHARLES TILSTONE BEKE— TIIE MAN 
WHO MAPPED OUT ABYSSINIA . 
GIOVANNI BATTISTA BEL.ZONI — RE- 
VEALER OF ANCIENT EGYPT 
JAMES BRUCE DISCOVERER OF THE 
SOURCE OF THE BLUE NILE 

The young Duke, however, conquered the 
mountain before seeing it. Following the 
course of action he adopted afterwards in 
his Polar and Equatorial expeditions, he 
collected all available sources of information, 
studied them for some months, and then 
drew up- a plan of campaign containing all 
the elements of success. He brought the 
science of strategy to bear upon the work of 
exploration, with the result that he ascended 
Mount vSt. Elias with remarkable ease in 
1897. Then, having tasted the stern joy of 
Arctic adventure, he resolved to plant the 
Italian flag on the North Pole. After a 
long course of study at home, lie reduced 
the problem to a scientific calculation, and 
went to Norway by a sealing-boat for the 
voyage. Here lie made a mistake by pur- 
chasing a vessel that Nansen had rejected 
as being too lightly built to resist the pres- 
sure of the Northern ice. The little ship 
was wrecked in the moving ire off the coast 
of Franz Josef’s Archipelago, and the Duke 
and his men had to cam]) out in tents. Had 
not a spiral movement of the icefield lifted 
the wrecked ship on to a solid plateau of 
ice, it is probable that none of the party! 
would have survived. The disaster entirely 
upset the Duke's plans, for he had pro- 
visioned the ship for five years, with the 
intention of taking it as far north as possible, 
and using it as the base of his operations. 

Matters were further upset by an accident 
that happened to the Duke while training 
his dogs for his sledge expeditions. One 
of his hands turned white and then black, 
and his fingers were so frost-bitten that the 
surgeon thought he would have to amputate 
the whole arm. The brave young explorer 
was compelled to remain for months in the 
shelter of a tent, and by careful nursing 
and treatment lie escaped with the loss of the 
tips of his fingers. During his illness he 
sent his second in command, Captain Cagni, 
on a sledge raid to the Pole. Cagni went on 
till nothing remained to eat except dog food. 
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He attained 86 degrees 33 minutes North, 
and this remained the record for Arctic 
exploration until Peary won right to the 
Pole. Cagni was absent 104 days in the 
summer of 1899 ; his return journey was 
one of great peril and hardship. The 
plain of ice across which he had gone dis- 
appeared, leaving a sea full of floating islands 
of ice. The exploring party rigged up sails on 
these islands, but, being unable to steer 
them, they had to leave hurriedly a piece of 
ice that began to drift in the wrong direction, 
and jump to another that seemed to be 
going the way they wanted. By this ex- 
traordinary means of navigation, the ship 
was reached ; and as it had been repaired 
by the carpenters, the Duke and his men 
were able to get safely back to Italy. 

An unhappy love affair with Miss 
Katherine Elkins, the beautiful daughter 
of an American senator, drove the young 
Puke forth in search of further adventures. 
He fought hard for the right to marry 
the lady with whom he had fallen in love, 
but the opposition of the Royal ladies of his 
House was too strong for him to overcome. 

In search of excitement, he turned to the 
Mountains of the Moon, on the borders of 
Uganda and the Congo Free State. Here, 
beneath the scorching heat of the Equator, 
rose the snow-crowned height of Ruwenzori, 
discovered by Stanley in 1887, but still 
unsealed by man. Some men of science, 
sent by the Natural History Branch from 
tin* British Museum, were attempting to 
conquer the virgin peak of the Equator 
when the Puke of tin* Abruzzi arrived on 
the scene. A bold plan of attack that lie 
had drawn after his study was so well 
prepared that he carried off the honour of 
the elinib under the nose of the Englishmen. 
What would have been merely a piece of 
laborious and well-planned work of explora- 
tion was changed into a terrible adventure 
bv a leopard that took a personal interest 
in the scientific Puke. Three years later, 
in iqoq, the same explorer ascended Mount 
Ciodwin-Austen, in the Karakoram Moun- 
tains in Asia. At the age of forty, the Puke 
of the Abruzzi is the most popular man in 
Italy. Even \h: King is not more loved 
and admired. 

ROALD AMUNDSEN 
Discoverer of the South Pole 

Captain Roald Amundsen, the discoverer 
of the North-Western Passage and the 
geographical South Pole, is the son of a 
Norwegian shipowner. Born on July 16, 
1S7:.', at Borge, Smaalcnene, on Christiania 
Fiord, lie comes of a family of sailors, 
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Against his wishes, he was sent to study 
medicine in Christiania University. It was 
in the days when the first achievements of 
Nansen had begun to stir the slumbering 
imagination of the descendants of the ancient 
Vikings. The lads of Norway fell to dream- 
ing of the deeds of Eric the Red, who sailed 
from Norway to Iceland, from Iceland to 
Greenland, from Greenland to America, in 
the wild old pagan ' times when other 
Vikings were harrying England and Ireland, 
and conquering Normandy. It was a re- 
naissance of the spirit of adventure, and 
Amundsen’s career was changed by it. 
Like many other Norwegians, he resolved 
to become an explorer, and, throwing up his 
post, he went as a deck hand on a sealing-ship 
to gain experience of Arctic navigation. 

He was already an eager student of the 
scientific problems of the icy wastes of the 
North. And when he returned from his 
first voyages in pursuit of seals and whales 
and practical experience, he put himself 
under the tuition of Dr. von Neumayr*, one 
of the greatest living authorities on 
magnetism. After devoting a long period 
to this kind of study, Amundsen went as 
first officer of the “ Belgica” to the Antarctic 
regions —still in search of scientific and prac- 
tical knowledge. The little ship crossed the 
Antarctic Circle on February 15, 1898, and 
was caught by the ice-floe, and held prisoner 
for a year. So her mate was among the 
first of men to experience the long darkness 
of the Antarctic night. There was little 
light on the ship, and the expedition 
suffered greatly from inadequate food. * 

On returning to Norway, Amundsen 
spent some time in navigating the icy seas 
of the North, and by 1902 he had learned 
all there was to know about the most 
difficult and perilous kind of seamanship. 
So the next year he began his own great 
work of extending the boundaries of human 
knowledge and power by setting out to find 
the North-West Passage, marked by the 
graves of Franklin and other brave but 
baffled English explorers. He combined the 
methods of the ancient Vikings with the 
machinery of the twentieth century. In- 
stead of taking a large crew in a great ship 
loaded with provisions, he went with six 
men in a tiny sealing craft, the “ Gjoa.” of 
46 tons. The old, strong sealing-boat was, 
however, fitted with a petroleum motor of 
39 horse-power. She left Christiania on 
June 17, 1903, and crossed the Atlantic, 
sailing between Greenland and Baffin Land. 
On August 24, the little “ Gjoa ” entered 
Peel Sound, making slow progress through 
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the ice along the foggy coast of Boothia, 
where Franklin died. 

Here Amundsen and his men had a very 
narrow escape from the same terrible death 
from starvation that befell the English 
searchers after the North-West Passage. 
While the “ Gjoa ” was anchored by a small 
island, the men on shore saw a pillar of 
flame shoot up from the engine-room of the 
ship. There were seven thousand gallons 
of petroleum on board, besides large quanti- 
ties of gunpowder. It looked as if the 
vessel were doomed, and the loss of the 
vessel meant the loss of lives. Fortunately, 
the engineer had not left his post, and as he 
battled with the fire the men ashore hurried 
to his aid, and the flames were got under. 
Some cotton had become saturated with 
petroleum, and had ignited through contact 
with the engine. 

Soon after this too exciting adventure, 
Amundsen set up his winter quarters some 
distance below the Magnetic Pole, and spent 
two winters making a scientific study of 
this centre of interest to all navigators. For 
nineteen months he conducted continuous 
magnetic observations, which were kept up 
night and day, without interruption, for 
this long period. He found that the 
Magnetic Pole, that had first been located 
by Ross, was not a fixed point on the earth, 
but a shifting centre of mysterious force. 
The results of his lengthy and delicate studies 
were of very higl> importance in science. 
They were, indeed, much more important 
than the discovery of the geographical Pole 
itself. 

At the northern focus of terrestrial 
magnetism, Amundsen became very friendly 
with some unknown tribes of Eskimos, one 
of them being strangely of the Red Indian 
type. From them he learnt how to build 
snow - houses ; and one young Eskimo 
bravely travelled 1500 miles to bring the 
explorer a pack of dogs for sledge work. 

All this time, the North-West Passage 
was open to Amundsen, but with praise- 
worthy restraint he put off accomplishing 
it until his magnetic studies were completed. 
He owed his success in finding the sea 
channel to the excellence of his knowledge 
of magnetism, and to the exquisite magnetic 
instruments he had brought with him. 
For when he arrived at a point where all 
students of Polar exploration said, “ Go 
north, and find the open sea,” he looked at 
his instruments and found that they 
indicated 11 Go south/* Had he gone 
north, he would have failed like other men, 
but by turning south he found an open way 
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along the extreme edge of Canada. On 
August 30, 1906, he entered Behring Strait ; 
then the next day he called at the gold- 
digging town of Nome, in Alaska, and met 
with an enthusiastic reception. So the first 
voyage through the North-West Passage 
came to a happy end. 

Amundsen’s next aim was to ‘win to the 
geographical North Pole, and he fitted out 
Nansen’s old ship, the " Fram,” for this 
purpose. But, hearing of Peary’s achieve- 
ment, he turned south, and raced against 
the ill-fated Captain Scott for the honour of 
attaining the geographical South Pole. 
Taking the “ Fram ” to the great ice-barrier, 
he reached the Bay of Whales, charted by 
Ross in 1841. The work of laying depots 
for the march to the Pole was completed in 
April, 1911, and so well was everything 
planned by the experienced explorer that 
the affair was a pleasant excursion. There 
was no suffering from hunger and exhaus- 
tion, and the health of the men and sledge- 
dogs remained good. There was not even 
need for the party to go on fixed rations. 
The weather was very favourable, and 
on October 20 the start was made. On 
November 17 the junction of the ice barrier 
and the land was reached, and Amundsen 
and his men began to climb the great Polar 
tableland. The greatest height, 10,750 feet, 
was reached on December 6, and soon after- 
wards the land began to slope down towards 
the Pole. On December if), 1911, the 
expedition camped on the South Pole. 
Observations were taken hourly by four men 
for twenty-four hours, and the plateau was 
given the name of King Haakon VII. 
Captain Amundsen is now planning a five 
years' trip entirely by sea to the North Pole. 
He wishes to prove the existence of a great 
North Polar Ocean. 

WILLIAM BAFFIN 

Greatest Polar Seaman of Elizabethan Times 

William Baffin, the greatest Polar ex- 
plorer in the glorious age of Shakespeare, 
was a Londoner of humble birth. He was 
born somewhere about 1584. Baffin got so 
near to the Pole that for hundreds of years 
no one followed him, and no one believed 
in his discoveries. He made excellent maps 
of the icy seas through which he sailed, but 
geographers would not believe in his 
voyages, or make use of the information 
he obtained. But now that Peary has 
laboured for years on the scene of Baffin’s 
heroic adventure, and won to the Pole 
thereby, we can only regret that no one 
took the trouble in Baffin's lifetime to find 
out more about this great Elizabethan. 
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He seems to have been born of poor 
seafaring folk on the riverside of London ; 
he was uneducated, but by self- teaching he 
became a graceful writer, a mathematician, 
and the most scientihc navigator in 
Europe. Even Barents* cannot compare 
with him in science, but, unhappily, we do 
not know how he won his extraordinary 
knowledge and developed his talent for 
inventing devices to do what no other man 
could do. Our knowledge of terrestrial 
magnetism in the sixteenth century depends 
entirely upon his observations made in the 
neighbourhood of the North Magnetic Pole. 
By studying the sun and moon and stars 
in the high Polar regions he fixed his posi- 
tions with such accuracy that explorers in 
the nineteenth century were able to follow 
him easily. He emerges into the light of 
history in 1612, when he sailed as pilot 
under Captain Hall, of Hull, on a voyage 
of discovery to Greenland. While examining 
the west coast of this great Polar island the 
Englishmen were attacked by Eskimos ; Hall 
was killed, and the expedition returned home. 

Baffin then entered the service of the 
Muscovy Company, an elites prising body 
of Loudon merchants, at the head of whom 
was Sir Thomas Smith. Smirh was the soul 
of most of the English Polar expeditions 
of his age ; he fit! eel out ship after ship for 
the discovery of a Polar passage to China. 
Baffin served as pilot on two voyages to 
SpitzLergen, in 1613 and 1614. Then he 
was appointed pilot of a little ship, the 
“ Discovery,'* of 55 tons, with a crew of 
sixteen men. He set sail from Gravesend 
on March 18, 1(115, on an attempt to find 
the North-West Passage by the north of 
Canada, hut he was stopped by ice at the 
end ot Hudson Strait, and only reached the 
western end of Southampton Island. But 
Sir Thomas Smith was not daunted by 
this want of success. The next year the 
"Discovery” was again fitted out, and, 
leaving Gravesend on March 26, 1616, 
Baffin set out on his last and most important 
Arctic voyage. ( )n rounding Newfoundland 
he kept straight to the north, avoiding 
Hudson’s route. Passing down the strait 
that Davis had discovered in 1587, he got 
clear of the ice and sailed into the vast 
expanse of Baffin Bay. 

In this* unexplored region Baffin saw 
thousands of whales and seals and walruses. 
The whales especially were so little 
frightened that he was able to sail his ship 
close up to them. On some islands he met 
Eskimos, who brought him a great quantity 
01 I101 ns, possibly obtained from the musk 
4394 


oxen wandering amid the snow of northern 
Canada. At the extreme north of the bay he 
discovered a sound leading to the North 
Pole, which he called Smith’s Sound, in 
honour of Sir Thomas Smith. It was 
through this sound that Peary travelled in 
1909, and reached the North Pole. Baffin 
was not greatly interested in it, because it 
led past the northern coast of Greenland 
back into the North Atlantic Ocean. What 
Baffin wanted was a westerly passage to 
China. He found it at the place he named 
Lancaster Sound, but the sea began to 
freeze and the crew became ill with scurvy, 
so he was forced, at the peril of being 
caught by the ice and starved to death, to 
return to England. 

He found no one in England ready to 
put money for another expedition. But 
he was not a man to be daunted by want 
of money. He resolved to sail to China, 
as a working pilot, and strive for an oppor- 
tunity of attacking the problem from the 
northern coast of China. Helped, no doubt, 
by Sir Thomas Smith, he obtained the 
command of the " London,” one of the 
ships of the East India fleet. She set sail 
from Gravesend on March 25, 1620, and, 
with the rest of the fleet, sailed south to 
the ('ape of Good Hope, and then turned 
northward by Madagascar. Here news was 
received that a combined force of Portu- 
guese and Dutch ships was waiting at 
the entrance of the Persian Gulf to cut 
off and attack the English vessels. But 
the Englishmen did not wait to be attacked ; 
they went in search of the enemy, and found 
them. The English admiral stayed with 
Baffin on the " London,” and was killed 
by a great shot, but before he died had put 
the Dutchmen and Portuguese to flight. 

The Portuguese had built a strong fort 
at Ormuz, from which they dominated the 
country and oppressed the people. The 
Shall of Persia implored the Englishmen to 
help him against the Portuguese ; so the 
four English ships anchored off Ormuz, 
landed their guns, and threw up batteries. 
On January 23, 1622, Baffin went on shore 
with his mathematical instruments to take 
the height and distance of the castle wall, 
and so find the range for his guns. But as 
he was making his observations a shot 
from the castle struck him, and prevented 
him from discovering Behring Strait, for he 
died at once in great agony. A few days 
afterwards the English guns breached the 
fort, and the Portuguese surrendered to 
the English. So began our dominion in the 
Persian Gulf. 
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SIR SAMUEL WHITE BAKER 
Discoverer of Lake Albert Nyanza 

Sir Samuel White Baker, the African 
explorer who discovered the Albert Nyanza, 
was born in London, June 8, 1821. His 
parents wished him to become a business 
man, but after working a little while in an 
office, Baker came to the conclusion that a 
life in the open air suited* him best. His 
father, happily, had some property in the 
island of Mauritius ; and having seen 
Samuel married at the age of twenty-two, 
and, as he hoped, settled down in life, he 
sent the young man to look after his tropical 
estate. Baker, however, had a passion for 
travel and adventure and experiment. His 
temperament was that of a pioneer, and he 
was filled with a restless energy that wore 
him out when it could not find an outlet. 

In two years he exhausted the romance 
of Mauritius, and went to Ceylon on a 
hunting expedition. It struck him that the 
highland of Nawara Eliya, with its tem- 
perate climate, was an excellent place for 
English settlers. So he founded an agricul- 
tural settlement there, and brought emi- 
grants from England, and imported fine 
breeds of cattle, and made the new settle- 
ment rapidly into a successful piece of 
colonising work. His health, however, 
broke down, owing as much to his hunting 
expeditions in the jungle as to his labour in 
organising the little farming colony. lie 
returned to England ir* 1855, with his wife 
and four children, 
and soon after his 
return his wife died. 

Still in search of 
adventure and work, 
he wandered about 
Turkey and the 
Crimea, and found 
something to do in 
directing the con- 
struction of a rail- 
w ay a c r os s t h e 
Dobrudsha, a district 
of Rou mania beside 
the Black Sea. 
Having completed this remarkable monu- 
ment of his versatility, he roamed about 
Asia Minor and the Balkans, still in quest 
of excitement and toil. The excitement 
he found in Hungary on meeting Miss 
Florence von Sass. A woman of his own 
stamp — adventurous, hardy, and scornful 
of ease— she married the nomadic Londoner 
in 1860, and then started with him on a 
journey into Central Africa,, to discover the 
sources of the Nile. 


They set out from Cairo in April, i86r, 
and spent a year exploring Abyssinia, and 
ascertaining the position of the chief tribu- 
taries of the Nile in this region. 

Then in December, 1862, Mr. and Mrs. 
Baker started from Khartum, and tracked 
the course of the White- Nile. After travel- 
ling for two months, they reached Gondo- 
koro, and there met Speke and Grant 
returning northward 
from the south after 
the discovery of the 
Victoria Nyanza. The 
success of the East 
African expedition at 
first made Baker 
afraid that there was 
nothing left for him 
to discover. Speke 
and Grant, however, 
had heard native 
rumours of another 
great lake to the 
north-west of Vic- 
toria Nyanza. They 
Baker of these rumours, and the married 
explorers set out to the wild, unknown 
tropical country in search of the mysterious 
waters. It was not until March 14, 18^4, 
that the lake was sighted, and after sur- 
veying the country around it, and naming 
it the Albert Nyanza, the Bakers set out on 
their return journey. After many difficulties 
and perils they reached Khartum safely 
in May, 1865, and proceeded to England. 
Both the Royal Geographical Society and the 
Baris Geographical Society awarded Baker 
with a gold medal ; and in August, iSOO, he 
received tlix 1 honour of knighthood. 

Three years afterwards, the’ Khedive of 
Egypt offered him the command of an army 
for an expedition to Central Africa to 
suppress the slave trade there, and open up 
the country to trade with Europeans. A 
force of 1700 Egyptian troops was placed 
at his orders ; lie was given the rank of 
Pasha, and appointed Governor-General of 
the new lands at a salary of £10,000 a year. 
His appointment was only for four years. 
But during this time he did some splendid 
work in organising the administration of 
the new territories. Had the Egyptian 
Government given him the support he 
needed, or had he remained lortfcer at his 
work, the Sudan might not have been lost 
to the Khedive. But before his task was 
done he was succeeded by Gordon ; and 
with his wife, who had accompanied him, 
and helped him in all his hard and wearing 
labours, he returned to England at the 
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SIR SAMUEL BAKER AND HIS WIFE FREEING SLAVES 


expiration of his period of engagement. 
In 1879 he explored Cyprus, and afterwards 
travelled through Syria, India, Japan, and 
America. But most of his latter life was 
spent on his estate of Sandford Orleigh, in 
South Devon, where he died on December 30, 
1893. 

Sir Samuel was a picturesque writer, and 
he depicted the stirring incidents in his 
adventurous career in a series of remarkable 
books. Among them are— “ The Rifle and 
the Hound in Ceylon,” 1853 ; “ Eight Years’ 
Wanderings in Ceylon,” 1855 ; “The Albert 
Nyanza,” i8b6 ; “ The Nile Tributaries of 
Abyssinia,” 1867 ; “ Cast Up by the Sea,” 
1868, a work of Action ; “ Ismailia,” his 
narrative of his Central African expedition, 
in 1874; “Cyprus as I saw it in 1879,” 
and the very interesting " Wild Beasts 
and their Ways,” 1890. 


VASCO NUNEZ OE BALBOA 
The Man Who First Travelled Across Americc 

Vasco Nunez de Balboa, the first mar 
to cross America, was bom in 1475. He 
belonged to a . poverty-stricken noble 
family of Xeres-de-los-Caballeros, in Spain. 
Fame was won by him in a series of flights 
from his creditors. He feared a dun more 
than he feared death. So when Bastidas, 1 
rich man of Cadiz, resolved to grow richei 
by winning gold in the New World, recentl) 
discovered by Columbus, Balboa was glac 
to go with him in search of El Dorado. Bui 
Bastidas was unfortunate. He landed al 
the island of San Domingo, where the 
governor, already notorious for his infamouf 
conduct to Columbus, arrested the riel 
merchant on a false charge, and sent hinr 
back to Spain. 
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Balboa, however, managed to settle in unable to make a conquest. Defeat was 
Hayti, and obtain a .grant of land and a followed by dissensions, and the baffled 
gang dt Indians to work it. But the Spanish adventurers took refuge at Santa Maria la 
adventurer was so unused to handling any Antigua, upon the Gulf of Darien, and 
sort of wealth that his estate was soon elected Balboa to command the new 
loaded with more debts than it was worth, colony — the first on the mainland of America. 
His creditors began to pester him, and he He had won their admiration by his 
was anxious ' to escape from them. An bravery. 

expedition was starting to found a colony He proved to be a good governor ; he was 
on the mainland at Darien, and Balboa, just in his treatment of the natives, and 
being in very sad circumstances, was he allowed no unnecessary cruelty. By 
naturally eager to join it. Unhappily, there mixing with the Indians he* gradually 
was a law that no insolvent debtor was to learnt of the existence of a land of gold. 



SIR SAMUEL BAKER CHARGED BY A WOUNDED ELEPHANT 


board a ship bound for the mainland. But 
the duns pressed, and the great Spaniard 
who was to win fame 

“ when with eagle eyes 
He stared .at the Pacific — and all his men 
Looked at each other with a wild surmise— 
Silent, upon a peak in Darien,” 

was equal to the Occasion. He ordered a 
big cask to be rolled oh to the ship in 
which the leader of the expedition sailed. 
Balboa was in the cask I 
On arriving ait the mainland, the Spaniards 
found the natives more warlike than the 
Indians of the islands, and they were 


Six suns away — six days’ journey — he was 
told, there was another sea that washed the 
shores of Peru, a land that was very rich in 
gold. Accordingly, in 1513, he determined 
to set out in quest of the strange western 
sea. He assembled a troop of a hundred 
and ninety volunteer soldiers, and led*them 
over the mountains and through the 
tropical jungles of the isthmus qf Darien. 
Some warlike tribes tried to bar his way, 
but he broke through them. After twenty- 
five days of marching and fighting, the 
expedition reached a mountain top, from 
which they descried the vast expanse of the 
Pacific Ocean. Four days later, Balboa, 
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his drawn sword in one hand and the 
banner of Castile in the other, advanced 
to the shore and took possession of the land 
of Panama upon the Pacific coast. 

Balboa crossed the isthmus several times, 
and always in some new direction. 

Unfortunately for Balboa, and perhaps 
for the Peruvians too, a new governor was 
appointed over Darien through intrigues 
at the Spanish Court. lie proved a cruel 
and obstinate man. Balboa endeavoured 
to make friends with him by marrying his 
daughter, and the? famous explorer was 
then allowed to go on with his land explora- 
tions. But when he began to build ships, 
and to prepare an armament for the 
conquest of Peru, the new governor, out of 
jealousy of the probable success of his 
subordinate, brought a false charge against 
him. in 1517. and had him beheaded. The 
murder retarded the conquest of Peru 
for twenty live years, which was something 
gained for the empire of the Incas, yet it 
is probable that the most civilised race of 
America would not have suffered so much 
under Balboa as it did under Pizarro. 

WILLIAM BARENTZ 
The First Hero of the Polar Seas 

William Barentz, the first true Polar 
explorer, was a Dutch pilot, born on the 
island of Tersrhelling about the middle of 
the sixteenth century, lie was a bold and 
enterprising seaman, an accurate observer, 
and a man of education. English sailors 
had captured the Russian trade by their 
hardy voyages in search of the North-East 
Passage to China, and tin* merchants of 
Amsterdam resolved to attempt the Polar 
path to China, by taking a still more 
northerly route than the English had tried. 
1 hey asked Barentz to discover for them 
the iev sea-way to Cathay; and on June 5, 
150 b Barentz sailed north from* Texel, 
and sought tor a passage through the ice- 
pack at the extreme north-west edge of 
Novaya Zemlya. He sailed over 1700 miles, 
and put his ship about no less than eighty- 
one times. Taking observations of the sun 
with unusual accuracy, he fixed the latitudes 
of the Arctic regions lit 1 discovered. 

On May rj, 159b, the Amsterdam 
merchants fitted out two ships, and ap- 
pointed parent z leader of the expedition. 
Sailing this time in a still more northerly 
dii eetion, the Dutchmen were the first 
of mankind to sight the largest known 
uninhabited region of the earth- -Spit z- 
Ixrgen. Tln-y mistook it for a part of 
Greenland; ai>.d, after coasting, round the 
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western and northern shores, were stopped 
by the ice-pack. Thereupon Barentz 
turned his ship towards Novaya Zemlya, 
send ng the other vessel back to Holland. 

Now began the great adventure of Polar 
exploration. On reaching Ice Haven, on 
August 20, 1596, just as the heavy pack- 
ice was drifting in, the ship was crushed 
between the floating masses, and fixed 
for the winter by the edge of the wild, 
bleak Arctic island. 

There were seventeen stout-hearted 
Dutchmen on board, and to them fell the 
tragic honour of being the first Europeans 
to face the black and terrible Polar winter. 
Fortunately, they found a large supply of 
driftwood, and with this, and with planks 
taken from the poop and forecastle, they 
built a house on shore, and into it removed 
all their provisions and valuables. Cheer- 
fully they went to work. They made a bath 
out of a wine-cask, they fixed a chimney 
in the centre of the room, hung up a Dutch 
clock that struck the hours, and made rows 
of beds along the walls. Through the skill, 
knowledge, and foresight with which 
Barentz directed their labours most of 
them survived their long, strange, and 
unexpected siege. 

Soon the house disappeared beneath the 
snow, and a tunnel had to be made to get 
out. Bears mounted the roof, and tried 
to tear up the planking, but the sailors 
climbed up the chimney and fought them 
off. The men went out with snares, in 
between the snow tempests, and trapped 
blue; foxes, and used the fur for garments 
and the flesh for food. Even in the house 
it was so cold that the ice was two fingers 
deep on the walls and floor and in the 
sleeping-cots. Barentz suffered greatly 
and became very ill. 

He waited till June 13, 1597, when the 
sea was clear of ice, and then, abandoning 
the still imprisoned ship, he gave orders 
for the crew to take to the two open boats. 
He was so weak that he had to be carried 
from the house to the boat, and soon 
afterwards, on June 30, 1597, he died, 
and, like Franklin, found a grave in the 
midst of his discoveries. 

The men landed at Lapland towards the 
close of August, and were picked up by a 
Dutch vessel. Two hundred and seventy- 
four years afterwards, on May 16, 1871, an 
explorer of the Pole rounded the north- 
east point of Novaya Zemlya, and saw a 
house standing in Ice Haven. He entered ; 
the room was just as Barentz had left it. 
Even the clock was in its old place. 
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Subsequently Mr. Charles Gardiner visited 
Ice Haven, and found in the hut a flask 
containing a paper written by Barentz, 
the only known piece of his writing. The 
paper, with other remains, was presented 
to the Dutch Government by the discoverer. 

SIR JOHN BARROW 
From a Thatched Cottage to the Admiralty 

Sir John Barrow was the son of a cottager 
at Diagley Beck, near Ulverston, in 
Lancashire. Within view of the little 
thatched cottage where he was born, in 
1764, stands a high tower on a c!ifl above 
the sea. It was erected in honour of the 
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cottager's son, a man who did more to 
advance geographical discovery than anyone 
of his period. His personal achievements 
were important, but not magnificent. He 
owes much of his fame to the help and 
direction which he gave to the leaders of 
Arctic expeditions. 

He was taught at the grammar school of 
Ulverston, where five or six of the upper 
boys had subscribed for the purchase of a 
celestial globe and a star-map. Barrow 
greatly profited by this happy event, for 
astronomy became his passion ; and while 
he was at school he never let a clear, star- 
light night pass without studying the 
constellations. Pursuing his hobby, he 
took up the science of mathematics, and at 
an early age became remarkably proficient 


in it ; and, still in search of the arts con- 
nected with the study of his beloved stars, 
he induced a midshipman to teach him 
what he knew of navigation in return for 
lessons in advanced mathematics. 

His parents wished him to enter the 
Church, but the lad craved for a life of 
adventure. Being poor, the earning of 
money was his first object, and at the age 
of fourteen he accepted a three years’ 
engagement as timekeeper in a Liverpool 
ironfoundry. He must have been an 
uncommonly able boy, for in the last year 
of his engagement his master offered him a 
partnership. But Barrow was seventeen 
years of age, and thirsting for adventure ; 
and, an opportunity offering, he went oft 
to Greenland in a whaling-boat, and learnt 
the practical side of navigation while 
chasing and harpooning whales. 

On his return he found that the iron- 
master was dead, and he had to seek some 
new means of livelihood, lie was ottered 
various positions as a sailor, as an estate 
manager in the West Indies, and as # a 
mathematical assistant at a Greenwich 
school. He. chose the teaching of mathe- 
matics, with a view to improving his own 
knowledge of this indispensable study. 
Three years were spent by him at Green- 
wich, and then came his great opportunity 
for seeing the world. Lord Macartney was 
going on an embassy to China, and Barrow 
obtained a position on his staff. So well 
did he profit by his stay in the KaU that 
the English Government twice afterwards 
sought his advice with regard to our affairs 
with China. In i/()7 he accompanied Lord 
Macartney as private secretary to the ('ape 
of Good Hope; and he studied botany at 
Kew Gardens in order to qualify as a 
scientific land explorer. 

On arriving at Cape Town, he was sent 
by Lord Macartney into the interior on a 
double mission. He had to reconcile the 
Boers and Kaffirs, and explore and draw a 
map of the colony. In pursuit of these 
objects Barrow traversed every part of the 
country, covering 500 miles on foot and an 
equal distance on horseback, never, except 
for a few nights, sleeping under a roof. He 
was then appointed auditor-general ol 
public accounts, married, and settled in a 
house looking on Table Mountain. But 
after spending three years as a colonist he left 
the Cape in 1802, when the English gave up 
the country by t lie Treaty of Amiens, lie 
returned to London, and was made Second 
Secretary of the Admiralty, and this post he 
occupied, with a slight break, for forty years. 
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He began making plans for Polar ex- 
plorations in 1817, and being in a position of 
great influence he was able to initiate some 
of the most famous expeditions in the 
nineteenth century. He also founded the 
Geographical Society in 1830, and his friend 
and admirer King William IV. gave him a 
baronetcy. He died on November 23, 1848, 
in the eighty-fifth year of his age. Around 
the North Polar region, Barrow Strait, Cape 
Barrow, and Point Barrow keep his name in 
perpetual remembrance. 

HEINRICH BARTH 
First Explorer of North Central Africa 

Heinrich Barth, the greatest of North 
African explorers, was the son of a well-to- 
do merchant of Hamburg, and was born 
there on February 16, 1821. Unlike most 
explorers in their youth, he had no love of 
adventure, but only a curious passion for 
geography. At the age of nineteen he set 
out on a voyage to the Mediterranean to 
study its geography, and completed his 
study of the inland sea some years later by 
coasting from Morocco to Syria, and going 
on to Turkey by the isles of Greece. He 
travelled in 1845 from Tangier to the Nile, 
traversing the whole of North Africa; 
and so, when the British Government 
was fitting out the Richardson expedition 
for the exploration of the Sahara and the 
Sudan, the young German geographer was 
offered the position of assistant, which he 
accepted with enthusiasm. With him went 
a young German geologist, Dr. Overweg, 
and they met Mr. James Richardson at 
Tripoli, and from thence set out for the 
desert on April 2, 1850. 

The principal aim of the British expedi- 
tion was the abolition of the slave trade 
in the Niger country and the establishment 
of commercial relations with the natives. 
But how Lord Palmerston, the sender of 
tin' expedition, thought that three men 
could interfere with the slave trade, upheld 
by all the powerful chiefs of a vast tract of 
country, is not easily explained. 

The explorers attained the unknown 
and dreaded region of Air, where their 
caravan was continually attacked and 
besieged, and at last ambushed. But the 
white men were able to buy themselves off 
with a ransom. They then put themselves 
under tlu** protection of a Sudanese chief, 
and by paying him for his services were 
safely escorted to the edge of a more 
civilised region between Lake Chad and 
the upper bend of the Niger. Here the three 
white men agreed to part, and see what each 
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could do alone, as they had lost most ot 
their stores in their struggles with the 
desert robbers. Richardson set out 
direct for Lake Chad, Overweg started 
for Tausamaua, and Barth travelled tc 
Kano and the Empire of Bornu. 

Barth had to sell all he possessed to pay 
his way, and an attack of fever added to his 
difficulties. After a year’s work of ex- 
ploration he was quite destitute, but he 
pressed on to join his companions at Kuka 
town on the edge of Lake Chad ; and on 
his way he learnt from a native that 
Richardson had died of fever. Bart!) 
reached Kuka in hopeless poverty, but 
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the Sultan of Bornu befriended him ; and, 
on March 7, 1851, Overweg rejoined him 
after an adventurous exploration to Sokoto. 
The two white men again separated, Barth 
exploring the immense forests hundreds of 
miles to the south ; he reached the Benue 
river, and visited Yola, the capital ot 
Adamawa. On September, 1852, Overweg, 
whose health had been undermined by the 
wet, hot climate, died, and Barth alone 
remained to carry out the enterprise of 
which he had at first been only an assistant. 
His- courage and his robust constitution 
enabled him, amid many dangers, to ac- 
complish his difficult task. 

The British Governmcqt forwarded new 
supplies to him at Kuka, and he left Lake 
Chad on November 25, 1852, reached 
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Sokoto, and attained Timbuktu on Septem- 
ber 7, 1853. News of his death reached 
Europe, and one of his countrymen — 
Vogel — was sent by the British Govern- 
ment in search of him. Vogel arrived at 
Kuka on December, 1853, and learnt that 
Barth had just left Timbuktu after a stay of 
nearly twelve months. Another year passed 
before Barth met Vogel, who was the first 
European he had seen for more than two 
years. The famous explorer spent the 
winter at Kuka, and arrived in Europe in 
September, 1855, after an absence of nearly 
six years. The scries of explorations which 
he brought to a successful conclusion were 
unsurpassed by any during the busy 
nineteenth century. He made known to the 
civilised world the whole of a vast region 
which, even to Arab merchants, was more 
mysterious than any other part of Africa. 
His career was one of extraordinary ad- 
venture, and it was often by miraculous 
good fortune that he escaped from death 
at the hands of the natives. Even Vogel, 
who was sent out to help him, never 
returned, for he was put to death by an 
African chief. Barth’s health, however, was 
greatly weakened by fever, want of food, 
and hardship, and he died at the age of 
forty-four at Berlin on November 25, 1865. 

VITUS BEHRING 

Discoverer of the Passage between Asia and 

America 

• 

Vitus Behring was* born in 1680, at 
Ilorsens, in Denmark. He entered the 
service of Peter the Great when that re- 
organiser of Russia built his navy, and, 
distinguishing himself by his bravery and 
skill in the wars with Sweden, was pro- 
moted to the position of commodore. In 
the last year of his eventful life, Peter 
planned a geographical expedition with 
a view to extending the dominions of the 
Russian Empire. He desired that the 
whole northern coast of Siberia should be 
explored by sea, and that it should be 
ascertained whether Asia was separated 
from America by a strait. Two ships were 
to sail from Archangel by the North-East 
Passage, and two vessels to be built on the 
furthest point of Siberia for the ex- 
ploration of the Polar Sea. A few days 
before his death he gave his final instruc- 
tions to Behring, whom he appointed to 
lead the second expedition. 

Behring left St. Petersburg on February 
*4» 172 5» to carry out the orders of the dead 
Emperor. But the overland journey across 
Siberia, the accumulation of supplies, and 


the construction of a vessel at the remote 
port of Okhotsk, involved innumerable 
delays. It was more than two years before 
the newly built ship was able to sail the 
Sea of Kamschatka, carrying workmen and 
supplies for the building of the second ship. 
Finally, the vessel was made and launched, 
and on July 24, 1725, Behring set out, after 
three years and four months’ preparation, 
for a voyage that lasted only seven weeks. 
He merely examined the coast for some 
distance northward, and partly ascertained 
the existence of a strait between Asia and 
America. 

He returned to St. Petersburg, and, after 
another vain attempt at exploration, two 
new ships were built for him, with which, 
on June, 1741, he sailed on his last and 
tragically successful voyage of exploration. 
He reached the American coast on July 29, 
discovered the magnificent peak of Mount 
St. Elias, and explored the Aleutian 
Islands. Sickness broke out among the 
crew, and the commodore himself was 
attacked by it. At last only a third of the 
men were capable of work, and, while still 
exploring the islands along the American 
coast, Behring encountered a violent storm, 
lasting for seventeen days, and his ship 
stranded on a sand-shoal and broke up. 
Fortunately, the whole party was able to 
reach the island, now called after Behring ; 
and, still more fortunately, the remains of 
the ship were thrown up by the sea within 
their reach, so that out of the wrecked* 
timbers the men were able to build a boat 
during the following spring. 

There was not a tree on the island, but 
they managed to make huts out of the 
driftwood. It was bitterly cold, for the 
wreck took place in November. Behring 
was very ill, and had to be carried on shore, 
and placed in a cavern dug in the side of a 
sand-hill. Here he was almost buried alive 1 , 
for the sand kept rolling down continually, 
but he begged his men not to remove it, as 
it kept him warm. In this miserable con- 
dition he died, on December 19, 1741. It 
was scurvy that killed him ; and as most of 
the crew was suffering from it, they were 
anxious to obtain the fresh animal food that 
would help them to recover. So they at- 
tacked the sea otters that swarmed on the 
island, and by eating the flesU of these 
creatures the starving, ill-clad men were 
able to fight against their fate. Many of 
them died, but forty-five escaped to Kam- 
schatka in a little boat they built out of 
their wrecked ship. 
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Charles tilstone beke 

The Man Who Mapped Out Abyssinia 

Charles Tilstone Beke, the explorer of 
Abyssinia, was the son of a London merchant. 
He was born on October io, 1800, at 
Stepney, then a charming suburb of 
London. He was educated at Hackney, and 
at twenty accepted a commercial appoint- 
ment that took him to (icnoa and Naples. 
Then, tiring of business, lie entered at 
Lincoln’s Inn, with a view to studying the 
law, but spent most of his time on 
geography and the origins of language. 

His great learning was first appreciated 
in Germany, and in 1837 he was able to 
combine the pursuit of knowledge with the 
duties of a British consul at Leipzig. He 
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studied especially the languages and customs 
of the Bast, and in 1840 set forth 011 his 
first exploration into Abyssinia, with the 
aim ot opening up commerce with that 
country, and then proceeding to the dis- 
covery of the sources of the Nile. Abys- 
sinia, at the time, was one of the most 
ancient, most remarkable, yet least-known 
of kingdoms. Beke mapped over seventy 
thousand square miles of the country, and 
recorded the vocabularies of fourteen lan- 
guages. He crossed the eastern edge of the 
high tableland ol Eastern Africa at points 
moie than 400 miles apart, and found the 
watershed of the Nile and the rivers of the 
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Indian Ocean. He was the first man to 
make known the physical formation of 
Abyssinia and Eastern Africa, and, though 
he did not discover the source of the Nile 
in the Abyssinian mountains, he pointed 
out the way to Speke, by showing the 
direction of the Nile basin. 

Beke again visited Abyssinia in 1865, to 
obtain the release of Captain Cameron and 
a number of other British subjects who had 
been wrongfully imprisoned by King 
Theodore. The masterful and tactful ex- 
plorer was able, single-handed, to get the 
king to release the captives ; but when the 
king again imprisoned and ill-treated the 
British subjects he had set free, the English 
Government sent out a military expedition. 
Beke furnished maps and information 
to the army of rescue, and thus averted 
many dangers of the expedition, and saved 
many lives. King Theodore was defeated, 
and his fortress city captured in a cam- 
paign of remarkable rapidity, owing largely 
to the exploring work done by Beke. 

In December, 1873, Beke went out to the 
Red Sea in search of the true Mount Sinai, 
lie proved that a mountain in Arabia, 
called by the natives Barghir, was the 
historic height of Biblical tradition. The 
explorer returned to England in March, 1874, 
and died on July 31 of the same year. His 
work, entitled “ Discoveries of Sinai in 
Arabia and of Midian,” was published by 
his wife after his death. 

GIOVANNI BATTISTA BELZONI 
Revealer of Ancient Egypt 

Giovanni Battista Belzoni was a novice 
in a monastery in Rome when, in the 
course of Napoleon’s apparently irresistible 
career, a conquering army of Republicans 
occupied the city in 1798. Belzoni left 
the shadow of the cloisters, and looked 
around for a means of livelihood. The son 
of a poor barber of Padua, and born there 
in 1 778, he had no one to turn to, but 
happily he was cast in a magnificent mould. 
He stood 6 feet 7 inches, and his strength 
was enormous. Winning a few pence by 
feats of strength at a country fair, he set 
up as a strong man, and in 1800 travelled 
to Holland, showing off his powers and his 
muscles, and displaying models of hydraulic 
machines. He toured through the United 
Kingdom, and crossed over to Spain and 
Portugal, where he played the part of 
Samson in a wordless drama. With the 
money thus gained he reached Malta, 
and then went on to Egypt. 
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Here he was commissioned by Mehemet 
Ali, the famous Viceroy of Egypt, to con- 
struct a hydraulic machine for raising 
water from the Nile. Belzoni, who was an 
export in this branch of engineering, suc- 
ceeded with his machine, but the fickle 
ruler lost interest in the undertaking. 
Belzoni quickly found another means of 
existence. He became a collector of Egyp- 
tian antiquities on behalf of the British 
Museum. Among the treasures he obtained 
for the English nation was the colossal bust 
of the so-called “ Young Mcmnon,” and 
the splendid sarcophagus from the tomb of 
Scti 1 ., both of which are now in London. 
His greatest work was the exploration of 
the second pyramid of Gizeli. His dis- 
coveries made his name famous throughout 
Europe, and when he returned to Padua 
his native town feasted him and struck a 
medal in his honour. 

Belzoni described his discoveries in a 
book written in English, and opened a 
popular exhibition of antiquities in London. 

In October, 1823, he set out, at the head 
of an expedition, up the Benin River, with 
the aim of reaching Timbuktu, but was 
struck down with dysentery. He bogged 
to be taken back to Gato, and there he 
expired on December j, 1823. 

JAMES BRUCE 

Discoverer of th% Source of the Blue Nile 

James Bruce. “ the Abyssinian,” was 
born on December 14, 1730, at Kinnaird 
House, in Stirlingshire. He studied at 
Harrow and Edinburgh University, and 
grew into a big, masterful man with a 
genius for self-assertion. At twenty-four 
he set up as a wine merchant in London. 
But Bruce was a man made for a larger 
life, and with an unusual sense of humour 
the Government sent him out in 1763 as 
English consul at Algiers, on the pasha 
of that town complaining that the present 
consul was a man with a very ‘obstinate 
nature. As the pasha was a ruffian with 
a vicious temper, the position of foreign 
envoy in Africa was more dangerous than 
pleasant, hut Bruce learnt to be tactful 
as well as firm; and even when the French 
consul was loaded with chains for hesitating 
to obey the pasha, Bruce had the courage 
to interfere and attempt to check the 
savagery of the native governor. He 
stood like a man to his post, devoting every 
spare moment to the study of Arabic, and 
the geography of Egypt and Aybssinia. 

Resigning his post at last in 1765, he 


travelled eastward by land to Tripoli, and. 
taking ship from Ptolemcta, was wrecked 
on the same coast, and suffered great hard- 
ships. It was three years before he 
arrived at Cairo. Here, by means of a 
dose of green tea, he managed to cure the 
leading bey of a stomach-ache, and as a 
reward he was given letters of recom- 
mendation to all the authorities down the 
long road to Abyssinia. Bruce sailed up 
the Nile and met an Arab chieftain, “ the 
Tiger,” who dominated the region round 
Kosseir, on the Red Sea. The royal “ tiger ” 
was also troubled with internal pains, and 
Bruce happily managed to relieve him. and 
received the good advice to turn back down 
the river and strike out to the Red Sea, 
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and sail from there to Massowah, the sea- 
gate to Abyssinia. This the Scotsman 
did. By doctoring the nephew of the 
governor, he saved himselt from death, 
and then struck out over a mountain and 
passed from the Arabian territory into 
Abyssinia. His boots were worn out and 
his feet bleeding when he met a party of 
Moors and bought a horse from them, on 
which he rode into the city of Adowa. 

His fame as a healer had gone i?e fore him, 
and he was courteously entertained by an 
officer of the port and sent on to Gondar, 
the capital city, with a recommendation 
to the mother-in-law of the kingly usurper 
of the throne. Some of the royal children 
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were suffering from smallpox. Bruce tended 
them in a common-sense manner, using no 
medicine, but nursing them carefully, and 
brought them safely out of danger. The 
king was so pleased that he made the 
explorer an officer of the royal household, 
and gave him the command of a troop of 
horse. Bruce was allowed to go where he 
liked, with four men carrying his quadrant, 
two others his timekeeper and telescopes, 
and a body of soldiers to protect him. 

Unhappily Bruce rode daringly one day 
into the camp of a chief who was fighting 


instead of returning to the Red Sea. There 
was a king of Nubia in those days living at 
Sennaar. Bruce doctored some of his 
wives, and followed the Nile to a hamlet 
close to the site of the Khartum of our 
time. At Berber, unfortunately, he led 
his caravan across the Nubian Desert 
instead of keeping to the longer but safer 
track by the banks of the Nile. When he 
reached Assuan he was dying of thirst and 
unable to walk. His valuable drawings 
and instruments were left in the sands. 
But the sight of water-birds that he had 
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for the rightful heir to the throne. He 
wanted to get the chieftainship of a village 
where he hoped to find the source of the 
Nile. The royalist had heard of Bruce’s 
healing power and would not let him go. 
Ihere was a quarrel ; Bruce had a temper 
equal to his size, and, careless of death he 
stormed at the chief until blood streamed 
from his nose. Simply by the torrent of 
his passion he quelled the Abyssinian chief 
and obtained from him the village he 
wanted. There on November 14, 1770 he 
*°, u " d ’ Peen hillock, the two fountains 
of the N,le. Though he did not know it 
at the time he. had only reached the source 
Of the Blue Nile. Ninety years was to pass 

wvf C v?° H Bntlsh explorer traced the 
White Nile to its source in Central Africa 
Bruce struck out into the Nubian Desert 


seen before he regained the Nile kept 
Bruce hopeful. Some of his men were 
blind, the camels were too exhausted to 
walk, and Bruce had to be helped forward 
by his servants. But on November 29, 
more than two months after leaving 
Sennaar, the palm-trees of Assuan were 
seen, and on December 17, 1770, Bruce 
arrived at Cairo, “ sufficiently cured,” as 
he remarked, “of any more quixotic under- 
takings, When he published his book on 
Abyssinian travel, his curious account of 
the manners of the Abyssinians led Dr. 
Johnson and many other persons to regard 
his tales as fabrications, but modern 
travellers have confirmed the accuracy of 
his observations. Bruce died at Kinnaird, 
on April 27, 1794, owing to a fall downstairs 
a singular end to a life of adventure. 



THE MOUNTAINS OF TIGRK, SEEN FROM DIXAN, ABYSSINIA 


4405 



THE “WISEST, BRIGHTEST, MEANEST OF MEN” 




4406 






GROUP 3 THE FOUNDERS OF SCIENTIFIC THOUGHT- 


CONTINUED ON 
PAGE 4533. 


THINKERS 


ANAXAGORAS— THE GREEK THINKER 
WHO CONCEIVED THE THOUGHT OF GOD 
ANAXIMANDER— INVENTOR OF MAPS 
THOMAS AQUINAS— THE WISE DOCTOR 
OF THE DARKEST CENTURIES 
ARISTOTLE— THE MASTER-THINKER 
ROGER ASCHAM— THE MAN WHO HUMAN- 
ISED TEACHING 

FRANCIS BACON-THE WISEST, BRIGHT- 
EST, AND MEANEST OF MEN 

ANAXAGORAS ; M/ 

The Greek Philosopher who Conceded the 
Thought of God 

A naxagoras, one of the profoundest of 
the ancient philosophers, was born at 
Clazomenai, near vSmyrna, in or about the 
year 500 B.c. He inherited great wealth, 
but a greater passion for truth, to which he 
devoted his life, ignoring the opportunities 
of politics. The intellectual environment 
of Clazomenai stifled him, and he yearned 
for Athens, in the words of George Henry 
Lewes, “ as all energy longs for a fitting 
theatre on which to play its part.” 

The Age of Pericles, unexampled before 
or since in the history of mankind, was at 
hand. The young Pericles, indeed, and 
Euripides, and, according to some accounts, 
Socrates himself, soon came to be ranked 
among the pupils of Anaxagoras in Athens. 

Devoted as he was fo th<i universal problems 
which appealed to him as to those like him 
in all ages, the wealthy young thinker 
neglected his affairs until at last he found 
himself penniless, whereupon he exclaimed, 
“ To Philosophy I owe my worldly ruin, 
and my soul’s prosperity.” As a teacher he 
soon gained fame, and incurred the jealousy 
of unworthy rivals, who, taking the great 
name of Religion in vain, then, as in so 
many other times and places, brought 
accusations of blasphemy against the thinker 
whom they could not and would not 
understand in his attempts to enlarge men’s 
notions of Deity. Arraigned, tried, and 
condemned to death, he escaped with his 
life, thanks to the intervention of the great 
statesman Pericles, who had sat at his feet. 

He was sentenced to life-long banishment, 
and went to Lampsacus, where he spent the 
rest of his life. In Athens he had taught the 
Truth as he saw it for some thirty years, but 
this was his reward, and he may be for- 
given for his proud remark, “ Not I have 
lost the Athenians, but the Athenians me.” 

Many difficulties face the. scholars who 
seek to state, in our language and terms, the 


WALTER BAGEHOT— THE APOSTLE OF 
EVOLUTION IN POLITICS 
ALEXANDER BAIN— THE MODERN EX- 
PONENT OF A MATERIAL MIND 
SIR .WILLIAM BARRETT -THE EXPLORER 
OF THE SHADOW-WORLD 
JEREMY BENTHAM— THE HERMIT - PRO- 
PHET OF RADICALISM 
HENRI BERGSON — THE OPTIMIST OF 
CREATIVE EVOLUTION 

beliefs and teaching of so remote a‘ thinker, 
none the less because, like many another, 
even of such high rank, Anaxagoras did 
not necessarily teach one and the same 
consistent doctrine throughout his life. 

Yet, though we cannot be sure as to many 
things, the main tenets of this pioneer may 
be defined clearly enough. He was, in the 
first place, a man of science in his belief that 
many physical phenomena, vulgarly and 
ecclesiastically attributed to the caprice of 
the gods,” were really produced by 
natural causes. In this and in other not- 
able respects he was certainly a follower 
and expounder of his illustrious predecessor, 
Thales. We can readily understand that 
the cry of atheism might be raised against 
a teacher who found natural causes for such 
phenomena as the heat and light of the sun, 
and who could predict eclipses, as against 
the view that such forces and events were 
immediately directed by the “ gods.” Just 
similarly, some two thousand years later, 
Newton was accused of atheism because he 
explained the motions of the heavenly 
bodies by gravitation. 

Anaxagoras recognised the doings and 
the material structure of the physical world 
to depend upon the combination and inter- 
action of elementary and simple units 
which we may accurately enough call atoms, 
so long as we do not include in that term 
all the ideas of modern chemistry. The 
question that remained, above and below all, 
for him to answer was the cause of these 
combinations and interactions, including 
those of which living beings are the most 
subtle and astonishing examples. 

His answer was given in his sublime and 
noble doctrine of a universal mind, or 
Nous, to use his own term, which is the 
Prime Mover of the universe. As ever 
and ever again in the history of thought, 
we observe that the so-called atheist is often 
he who has ideas of God too great for small 
minds to hold. Anaxagoras considered the 
claims of Fate and of Chance as the masters 
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of the world. In the first he saw a mere 
name for what we do not understand, 
putting off our questioning and explaining 
nothing. In chance, profound anticipator 
of later thought as he was, he recognised 
merely the action of law under forms which 
our reason cannot suffice to define. Only 
Intelligence was therefore left as the 
possible disposer and mover of the world — 
Mind infinite, eternal, universal, .which, to 
quote the thinker's own words, “ knows 
and arranges all things that ought to be, 
that were, that are and that will be.” 

It is not possible to find earlier in the 
history of thought so complete and sublime 
a conception of Deity as this philosopher 
framed ; and if we call Theology a science, 
as indeed it is, then Anaxagoras may well be 
named its father. 

He died at Lampsacus in 428 n.c., think- 
ing to the end ; and, when asked to name a 
memorial for himself, replied from his death- 
bed that his death-day should be a holiday 
in the schools of the city, a request which 
was complied with for centuries. And over 
his grave was written this epitaph : 

This tomb great Anaxagoras confines, 

Whose mind explained the heavenly oaths 
of Truth. 

ANAXIMANDER 

The Man who Took a Great Step Towards the Truth 

Anaximander, one of the earliest of 
natural philosophers, was born at Miletus 
in On or O10 n.c., and may be ranked as 
the successor of Thales. It is principally to 
Aristotle that we owe our knowledge of him 
and his achievements, which must have been 
very great in certain directions. His 
observations of the heavens enabled him to 
construct what was presumably the first 
sun-dial, and his study of the surface of the 
earth led him to sketch a kind of map so 
that he may be called the first carto- 
grapher. He is said also to have declared 
that the moon shines by light derived from 
the sun ; and lie is, perhaps, above all 
justly famous for his assertion of the belief 
that the eartli was cylindrical in shape. 
This colossal assertion, so great a step 
towards the truth as wo know it, was first 
conceived, so far as any record goes, in the 
brilliant mind of this student. 

He was, however, more than an as- 
tronomer^ His devotion to mathematics 
and to mathematical ideas led him on to 
speculate as to the ultimate nature and 
origin of things. His conclusion was that 
things have their origin in the Infinite, but 
it is clear that his conception of the Infinite 
did not comprise the idea of mind, which 
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was for him only a terrestrial and ephemeral 
product, ds for materialists in all times % To 
their number, in polar contrast to Anaxa- 
goras, this early philosopher belongs. He 
is said to have died about the year 547 b.c. 

THOMAS AQUINAS 

The Angelic Doctor of the Darkest Centuries 

Thomas Aquinas, the greatest figure of 
mediaeval Scholasticism, was born in or about 
1227, and belonged to the illustrious family 
of the Counts of Aquino, a town between 
Rome and Naples. He was a born “ intel- 
lectual ” and student. Six years* study 
at the University of Naples were enough to 
make him a fervent follower of learning 
where it was best, as he thought, to be found. 
Thus, at the early age of sixteen, and against 
the earnest wishes of his father, the Count, 
and his mother, he became a Dominican. 

This was perhaps the best fate that 
could have befallen him in that age, though 
we may well winder what course his mind 
would have taken had he been born in the 
age of Pericles or Augustus or Darwin. 
The most famous thinker of the time, 
Albertus Magnus, became the teacher of 
the young Thomas of Aquino, who learnt 
with ardour and ease all that was set before 
him. From the beginning to the end of his 
comparatively short life he was a tre- 
mendous worker, and has left behind him 
not merely an influence which dominated 
the thought of Western Europe for cen- 
turies, but also an # astonishing quantity of 
actual writing, much of it original, and 
much of it of the nature of commentaries, 
which display an insatiable and apparently 
untiring studiousness. 

lo this he was born, and nothing could 
stop him. The parental opposition which 
had kept him a prisoner in his father's 
castle for two years was not enough to 
check so intense a love of knowledge, even 
in a man whose gentleness of disposition, con- 
sistent courtesy, and piety were ere long to 
earn for him the title of the “Angelic Doctor,” 
by which he has been ever* after known. 

Any attempt to understand or appreciate 
this remarkable man must be based on a 
clear understanding of the time and circum- 
stances of his life. In order to know him 
we should know the thirteenth century. 
Europe was still in the “ thousand years of 
darkness. * All the learning that was 
recognised was in the hands of the Church, 
which Aquinas ardently loved and believed 
in. But with this love and faith of his, and 
acting throughout all the years of his initia- 
tion into Roman Catholicism, he had also one 
of tne most acute, eager, and profound 
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intellects of which we have any record. Any 
form and order of knowledge was grist to 
his mill ; but all the while ms faith in what 
Holy Church taught made it necessary for 
him, by some means or other, to reconcile 
the findings of science with her dogmas. In 
so far as this task was valuable at all, 
Aquinas was, perhaps, of all men of all 
times the best qualified for the purpose. 

Though he was himself ignorant of Greek, 
he obtained access to Aristotle in Latin, 
and became the great introducer of the 
“ master of them that know” to the 
mediaeval and modern world. He sought to 
include all Aristotle's findings in a complete 
scheme of knowledge of human and divine 
things ; and though nothing but first-hand 
and prolonged study can reveal to us of 
today the full nature of Aquinas's task, we 
may dimly imagine what it meant to accept 
the independent " pagan ” thinker, logician, 
naturalist, and moralist, and at the same 
time to bring him into harmony with 
Roman Catholicism. The result of this 
attempt was the amazing product of the 
human mind which is called Scholasticism, 
and of those who laboured at its making 
Thomas Aquinas is the acknowledged 
master and centre. At this very hour the 
influence of tKe schoolmen, and thus of 
Aquinas above all, is paramount in the 
system of Roman Catholic learning ; and 
centuries had. to pass before a fresh begin- 
ning could be mafde, yithin the Church or 
without it, in place of that monument of 
faithful but hopelessly misapplied ingenuity 
and intellect which we call Scholasticism. 

It was the judgment of Huxley that 
Aquinas possessed the most powerful and 
subtle intellect of which we have record ; 
and we have already seen with what 
assiduity its possessor used this masterful 
machine of his. Rapidity and confidence 
must have marked his logical processes, for 
he, found time to make many journeys, 
and play a great part in the practical and 
political life of the Church in his time. Few 
men have enjoyed more honour and fame 
for their intellectual powers than this 
sweet-mannered man and stem logician ; 
and successive centuries have only added 
to his reputation in the Church which he 
served so astonishingly well. Duns Scotus, 
the " Subtle Doctor, became the " Angelic 
Ejector's ” great rival in the estimation of 
the: Church ; but the Thomists finally won 
the day against the Franciscan Scotists, 
and have remained as the Centre Party, so 
to shy, in Roman Catholic thought ever 
since, with the Jesuits as their chief rivals. 


The greatest work of Aquinas was his 
comprehensive treatise the “Summa Theo- 
logiae,” in which, after many preceding 
years of labour, he sought to summarise 
and state the whole of human knowledge 
in its due relation and proportion as part 
of Theology, or the Science of God, as that 
is understood by the • Roman Catholic 
Church. His other great book was his 
" Sum of the Catholic Faith against the 
Gentiles,” which is usually referred to by the 
last two words of its original title, as the 
“ Contra Gentiles.” Of this a quite superb 
translation in English was published a few 
years ago by Father Rickaby, of Oxford, 
with voluminous and invaluable notes. 
Students in this country, and not least 
men of science, should be very grateful 
to this distinguished scholar for so laborious 
and valuable a piece of work. 

The spectacle which it presents to the 
student of contemporary knowledge is 
unique. Aquinas believed both in revela- 
tion and reason. What was “ de fide,” 
part of the faith, must be believed, though 
reason could not prove it, and though it 
might be incomprehensible or opposed to 
reason. The " mysteries ” of dogma were 
true for him even when they contradicted 
each other or themselves. Yet at the same 
time he believed in reason, in logic, in 
evidence, in the laws of sound inference 
from premises, and was indeed the appointed 
interpreter to the Western world of the 
great master of logic and scientific ob- 
servation, Aristotle himself. 

Hence the colossal difficulty of his task. 
Some fragments o(what is commonly meant 
by science had been preserved by the Arabs 
from the ruins of the Greek civilisation, and 
some of the Arabian thinkers and students 
had made discoveries of their own. All the 
science then existing was for Aquinas. He 
welcomed and delighted in it. But he was 
not like ninety-nine people out of a hundred, 
who find no clashing between the dogmas of 
their religion and the teachings of science, 
simply because their minds are built up in 
idea-tight compartments, and, as Faraday 
said of himself, they keep their religion in 
one pocket and their science in another. 

For so rarely endowed an intellect as 
Aquinas, it was necessary to harmonise 
and unify all that revelation had vouch- 
safed to or through the Church, ind all that 
rational processes had discovered. He had 
to build up a simple, coherent, and consistent 
system of thought based on two foundations 
so unthinkably diverse as Aristotle and 
Roman Catholicism as it then was. We 
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need scarcely be surprised that every help 
to be derived from intellectual subtlety, 
and even from the confusions of language, 
was necessary for such a task. But we 
err greatly, and do the “ Angelic Doctor " 
little justice, if we accuse him of any personal 
dishonesty of mind or intention. He never 
questioned the truth of revelation or 
reason, he knew that all truth is one, and 
every device which he employed was the 
inevitable consequence of these premises. 
He belonged to the small but illustrious 
company of honest and powerful thinkers, 
and his name must be held in honour today, 
even by those who almost vainly seek for 
a few grains of value among the vast ruins 
of the scholastic philosophy. 

Living for learning, Aquinas consistently 
refused ecclesiastical preferment. He had 
no time to be an archbishop or an abbot, 
though such offices were offered him. But 
he was required none the less in the councils 
of the Church. On his way to such a 
council, in the earliest days of the year 
1274, and already ill, he was struck down 
so that he could not continue his journey. 
Thus, on the route from Naples to Lyons, 
he died on March 7, 1274. Few men have 
been the possessors of greater powers, or 
have used powers more faithfully. 

ARISTOTLE 

The Master-Thinker of the Ancient World 

Aristotle, who sought to unify all know- 
ledge, and was “ the most profound and 
comprehensive thinker of the pre-Christian 
world/* was born in the year 384 b.c. at 
Stageira, in Macedonia, the son of a physi- 
cian. As a young man, he was doubtless 
expected to follow the family profession of 
doctor, and had prospects of success, for his 
father was medical adviser to both the grand- 
father and the father of Alexander the Great. 
But one branch of knowledge was too narrow 
for Aristotle. Like Bacon, he took all know- 
ledge for his province, till he became, as 
Dante said, " the master of those who know/* 

His life was varied and romantic for a 
man of thought. In his eighteenth year 
(367 b.c.) he made his way to Athens as a 
student, presently became a frequenter of 
Plato's academy, and so continued, more 
or less, till middle life, though he also set 
up a school of his own for oratory — a valued 
part of Athenian education. After Plato's 
: death, in 347 b.c., he left Athens and lived 
for three years in the town of Atarneus, in 
Asia Minor, where the ruler, Hermeias, was 
a pupil and friend from Athens. After the 
death of Hermeias, Aristotle married a 
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relative of his friend, and lived for two years 
in the island town of Mitylene. Thence he 
was invited by Philip of Macedonia to 
undertake the education of his young . son 
Alexander, and for three years Aristotle was 
the preceptor of the would-be conqueror 
of the world. Afterwards Alexander declared 
that he loved and revered Aristotle as much 
as he loved and revered his own father, for 
he was indebted to the one for life, and 
to the other for living well." 

When Alexander set out on his career of 
conquest, Aristotle, who did not approve 
of the enterprise, returned to Athens, but he 
no doubt remained there a cordial supporter 
of Macedonian interests. During the next 
twelve years Aristotle did the work which, 
as has been said, gave him command of the 
thought of the world for a thousand years. 
Establishing a school called the Lyceum in 
“ The Walk," near the temple of Apollo 
Lyceius, he developed his philosophy for 
the advantage of his followers, until practi- 
cally the whole of the then known know- 
ledge of the world began to systematise 
itself in his mind, and he conceived the idea 
of producing a complete cyclopaedia of 
philosophy, on lines that we should now 
call scientific. Large sections of the work 
were planned, and some were fully thought 
out and filled in, in writing — as, for example, 
a treatise on logic that was entirely original, 
and has never been superseded. Other 
sections were left as bajre outlines, and 
some as magnificent •fragments, when, on 
the death of Alexander, jealousy began to 
conspire against the life of the great teacher, 
as it had conspired before against the life 
of Socrates, and, as a precaution, Aristotle 
retired to Chalcis in 322. His health had 
been impaired for some time, and in the 
same year, at the age of sixty-two, he died. 

The perpetuation of his influence is one 
of the great romances in the history of 
thought. His followers were not capable 
of expanding, or perhaps even of interpreting, 
the system of thought he had striven to 
bring into being, though they continued to 
discuss fragments from it, and wrote 
sectional treatises which, later, were accepted 
as his. Other schools of thought arose— the 
Stoics and Epicureans — and drew away 
attention by their controversies, so that 
his influence waned in the city where he had 
done his life's work, but had always been a 
stranger. Then his writings, bequeathed to 
his chief disciple, were handed on to that 
disciple's literary heir, who carried away the 
manuscripts to Asia Minor and carefully 
hid them from a local king, who was forming 
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a library by the kingly process of " requisi- 
tioning/' ft was not till nearly two hundred 
years later that these writings were returned 
' ' ^+h^ns. There they were seized, carried 
to xvv ' A carefully collated and edited. 

Meantime, ■ irious works had been circu- 
lated in the name of Aristoti * nd t he scope of 
his work, the true significance bought, 
and even the qualities of his style, were mis- 
judged by the writers of Rome in his day of 
literary predominance. And later, when what 
was supposed to be Aristotle’s philosophy 
was accepted largely by the mediaeval 
schoolmen, and was made the basis of much 
of their teaching, it was a version taken not 
from his original writings, but accepted from 
the Arabic versions of Avicenna and Averr- 
hoes, which had been translated from 
Greek into Syriac, and then into Latin, with 


who could have no participation in liberty o: 
in property ; that it asserted the impossibility 
of ‘ ‘ caring for the things of virtue while living 
the life of the artisan oi the slave ; ” that ii 
excluded the mechanical and utilitarian arts 
as involving work too servile for the atten- 
tion of a free man ; and regarded womer 
as essentially inferior to man, and incapabl* 
0 ; ^ring his intellectual privileges. 

we incxj .;onder that such a great thinkei 
could have suffor ec j limitations in his 
deliberate phisolophy, but it ° *ar great ei 
wonder that one living in an ,A, hich 
accepted these ideas as matters of cbu. 
could have mapped out the world of mind 
so completely, and be hailed as “ the father 
of nearly all the modern sciences.” The 
divisions of learning in our Universities today 
are his divisions. In some of the sub-divisions 
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accretions of Oriental thought by the way. 
The fact is that during the dark night of 
fettered thought, before the great revival 
of learning and the outburst of freedom 
which followed, men were not ready to 
understand the writings of a fearless inquirer 
like Aristotle, who was not bound by 
precedent, but wished “ to investigate all 
that can be known, and to express what he 
found exactly and exhaustively.” And 
even now some hasten to misjudge him, 
through failing to realise the conditions 
under which he lived and thought. 

We must be content to accept such facts as 
that Aristotle’s philosophy was only intended 
to refer to a twentieth of the people around 
him ; that it was a flattery of 20,000 superior 
persons living on the labours of 400,000 slaves 


he almost said the last word. The very 
language in which we express our abstract 
ideas is adopted from his phraseology. 
Whether we speak of philosophy or physics, 
of metaphysics or biology, of physiology or 
pschology, of ethics or logic, or economics, or 
politics, of poetry, or oratory, or the drama, 
or criticism, of natural history, or astronomy, 
of hygiene or education, or even the weather, 
he has been there before us, sometimes, it 
may be, with little knowledge, .but always 
with keen analytical insight. Though he 
lived before the greatest physical laws of the 
universe were discovered, and before the 
mind of man knew true liberty, he has been 
described as “by common consent the best 
educated man of any age, with the greatest 
influence on subsequent times.” 
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ROGER ASCHAM 
Th« Man who Humanised Teaching 

Roger Ascham was the pioneer of all who 
ive written in the English tongue about 
methods of education*, and, within the 
mge of education as it was conceived in 
is day, none has written more wisely. He 
as born at Kirby Wiske, near Thirsk, 
1 1515. As a boy he attracted the atten- 
on of a neighbouring magnate, Sir AntJioj/ 
/ingfield, who educated him wit* his own 
Dns, and sent him, at>te~age of fifteen, to 
ambridge^dwv' —such was his aptitude 
pr tf*T1assrcal tongues — he took his degree 
id was made a fellow of his college before 
le close of his eighteenth year. Ascham’s 
hole life afterwards was either that of a 
niversity don, or a man of learning acting 
5 secretary in public or semi-public offices. 
Notwithstanding his consistent Protestant- 
on, he retained royal favour, employment, 

, ad modest pay through the later years 
i »f Henry VIII., through the reigns of 
£dward VI. and Mary, and until his death 
n the eleventh year of Elizabeth's reign, 
vhen the penurious queen declared that she 
vould rather have lost ten thousand pounds 
han her tutor. In this academic and official 
;areer of thirty-live years, Ascham was a 
:lassical tutor at Cambridge, Greek reader 
;or the University, university orator, 
:utor to the Lady Elizabeth (afterwards 
2 ueen), secretary to the English am- 
bassador to the Emperor Charles V., secre- 
tary to Queen Mary, and private secretary 
and tutor to Queen Elizabeth. 

His amusement was archery, and his 
first book, published in 1545, was on that 
exercise, and entitled “ Toxophilus, the 
Schole of Shoot inge.” He dedicated it to 
Henry VIII., with the avowed object of 
securing enough money to enable him to 
pursue his studies in Italy, and the King 
responded by furnishing him with the very 
modest sufficiency of ten pounds a year. 
In the last years of his life, as the result of a 
conversation with Cecil, Ascham wrote, 
in English, his views of education. The 
book, incomplete at the time of his death— 
December 30, 1568— was published two 
years afterwards by his wife, Margaret, 
under the title " The Scholemaster.” It 
at once secured, and has retained, the 
attention of the whole world of scholarship, 
and is one of the few serious English books 
that — like those of Locke and Herbert 
Spencer in later years— have kept a place in 
the literature of Europe. His “ Letters " 
295 in number, have also been published, 
and, besides their charm of style, are a 
Hi* 


mine of incidental information respecting 
the men and doings of his time. 

Ascham’s contributions to education are, 
first, his revolt from the harsh spirit that 
dragooned the young into learning. “ In 
my opinion,” he wrote, “ Love, ■» 
than Fear, Gentleness bettenlian Beating, 
to bring up-«r child rightly in learning 
• . .jyouig ' children should be rather 
-attired to learning than compelled ... If 
ever the nature of man be given at any time 
more than other to receive goodness it is 
in innocency of young years.” 

Then, secondly, his method of teaching 
was as sensible as it was humane. Instead 
of making the scholar learn first the gram- 
matical rules of Latin, without under- 
standing, he insisted that the child should 
first be taught, “ cheerfully and plainly the 
cause and matter of the letter,” a Latin 
passage being construed into English by the 
master so as to be easily understood. It 
should then be parsed and the rules educed. 
Next, “ the child must take a paper book, 
and sitting where no one shall prompt him 
translate his lesson into English. Then, 
pausing an hour at least, let the child 
translate his own English into Latin in 
another paper book.” The master is then 
to “ lay together ” the child’s Latin and the 
original Latin, and praise him and say 
“ Here ye do well.” Particularly Ascham 
insisted on writing as “the \m\y thing that 
breedeth deep root,” and on the exhaustive 
mastery of one or two books. 

Dr. Johnson declared that Ascham's 
treatise contains “ the best advice ever 
given for the study of languages.” Of 
Ascham, the man. Professor Arber says he 
was a strong, plain Englishman, of generous 
heart, tolerant spirit, thorough scholarship, 
loved and honoured. 

FRANCIS BACON 

“ The Wisest, Brightest, Meanest of Men ” 

Francis Bacon, afterwards Lord Verulam, 
Viscount St. Albans, was born in London, 
xv J? nuar y 22 » 1561. His father, Sir 
Nicholas Bacon, was Queen Elizabeth’s 
famous Lord Keeper of the Great Seal. 
His maternal grandfather had been the 
learned tutor of Edward yi., and his 
mother was herself of rare intellect, a 
scholar and an ardent follower of Calvin. 
Her elder sister married Lord Burghley, 
so that there are living men of political 
and philosophical note who are connected 
by blood with Francis Bacon. The boy 
was delicate and precocious, and is be- 
lieved to have been assiduously taught and 
disciplined by his remarkable mother. 
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Entering the University of Cambridge, he surely advanced for the benefit of existit 
there came to the conclusion that philosophy, men and of all posterity, 
as represented by the current Cambndgc This " wisest, brightest, meanest, i 
rendering of Aristotle, was fallacious and in mankind ” concerns us here in his capacil 
need of radical reform. He entered Parlia as a thinker. Yet, though it is impossib 
ment, and thereafter his life, more markedly to trace any relation between his extern 
than that of any other of the great figures of and internal lives, it is necessary, vei 
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history, is a double one, part of it being the briefly, to recall the external circumstan< 
record of political and civic advancement, of the man to whom we owe some of t 
intrigue, treachery, dishonesty, disgrace, and 'greatest prose and most notable thinking 
part of it being the record of a great thinker, our language. The author of the nol 
endeavouring to frame a theory of know- essay on “Death,” of the” Advancement 
ledge, and a method, or organum , of research Learning,” and of the " Novum Orgapuir 
by which knowledge could be rapidly and a new instrument of knowledge, was a! 
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n ambitious and none too scrupulous 
iwyer. Having trampled upon the heads 
f many friends on the way, he became 
.ord Chancellor, but was convicted of 
irruption, was sentenced to be imprisoned 
jid banished from Parliament and the 
Jourt. This was in 1621, and Bacon still 
jad five more years to live, during which 
p concerned himself wholly with the 
^measurably worthier of the two interests 
^ which his life had been devoted. 

I In 1620, one year before his viscounty and 
js fall, Bacon — who is often but wrongly 
ailed “ Lord Bacon ” — published his master- 
piece, the “Novum Organum.” His“Es- 
j iys,” written in English, are familiar to a far 
j jider circle of readers as one of the classics 
;( our prose literature, but the “Novum 
j/rganum ” can now readily be obtained in 
English in cheap and good editions, is not a 
: «ng work, and is remarkably easy to read, 

• msidering the nature of its subject matter. 
;jA notable characteristic of this man’s 
!^rsonality was his belief in himself. To 
:i!m it was clear that previous thinkers and 

• ^servers were, and had always been, wrong 
I their methods and whole course of pro- 
<dure, with the rarest possible exceptions ; 
ad it was no less clear that to him had been 
;f t the task of stating the sound methods of 

:i jscovering truth, and of setting men thereto, 
ijth such security that even their natural 
: references of capacity would be immaterial, 
pr his method would “ level men’s wits,” so 
\ Jat anyone who followed it could certainly, 
i f somewhat laboriously, find out anything. 

\ t Before we look more closely at his teaching, 
lit us note, however, that Bacon did not 
( mself make any discoveries, or put his 
feory to the proof ; that he was not 
tquainted at all thoroughly with the 
ijowledge of his time, even rejecting the 
i ,hpcndous discovery of Copernicus that the 
jrth goes round tire sun ; that lie did not 
{en acquaint himself with Harvey’s 
^covery Of the circulation of the blood; 
td that in these and many other ways he 
td himself open to the remark of the 
lmortal physiologist Harvey himself, that 
the Lord Chancellor writes on science like 
Lord Chancellor.” Nay, we may add that 
bscquent students have not followed 
icon’s method as he laid it down, and that 
:© really valuable parts of it had, in fact 
en employed by first-hand students of 
ilture ever since the dawn of science. But 
£ien all is said, as if must be said, against 
fe vast pretensions of its author, and the 
|critical praise of many of his commen- 
gtors, the “ Novum Organum ” remains a 
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landmark in the history of thought, and one 
of the greatest masterpieces in the literature 
of knowledge. 

We live in a time, said Bacon, when true 
learning has become stifled by the arrogance 
of its professors, by a cloud of words and 
phrases, long destitute of any meaning they 
may ever have had, and when we need to 
get back to Nature herself at first-hand, if 
we are really to learn anything about her. 
Beyond a doubt, Bacon was right, and his 
book marks the definite and effective 
beginning of what we call modern science. 
A few years hence, in 1920, the lovers of 
knowledge throughout the world will un- 
doubtedly combine to celebrate in some 
notable way the tercentenary of the 
“ Novum Organum,” with which what we 
now mean by science begins, or makes so 
fresh and great a re-beginning that, at any 
rate, everything has been -different since. 

The vice of plnlosp|)hers. Bacon declared, 
was that they starSjd'from certain general 
propositions, and then proceeded to state 
therefrom the facts of the world, without 
troubling to look at the facts" themselves. 
This method of the armchair philosopher, 
who evolves the details of the world out of 
his head with his eyes shut, may be called, 
said Bacon, the “ anticipation of the mind,” 
whereas the true and only useful method is 
“ the interpretation of Nature.” “ Man,” 
said he, “ is the servant and interpreter of 
Nature,” and directly he forgets this place 
and post of his, and starts to reason from 
his own notions, which is so easy and 
gratifying to his pride, he is sure to go wrong. 

The mind will serve us well, if only we 
use it properly. But we allow it to worship 
the “ idols of the mind,” “ certain idle 
dogmas,” instead of the “ ideas of the 
Divine mind — the real stamp and impression 
of created objects as they are found in 
Nature.” The reader must go to Bacon 
himself for his celebrated and masterly 
definition and exposure of these idols, 
which beset every one of us today and 
every day, exactly as they beset Bacon 
nearly three centuries ago, or Aristotle 
two thousand years before him. As Bacon 
said, “ The human understanding resembles 
not a dry light, but admits a tincture of 
the will and passions, which generate their 
own system accordingly, for man always 
believes more readily that which he prefers.” 
And yet, though the preferred belief may 
have some kind of value for the individual, 
may serve his life, though it be false, yet the 
truth is what will really serve all mankind 
best. “ Man can only govern Nature by 
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obeying her,” said Bacon, and therefore 
he must find out what her laws are. To this 
end only one means avails, and that is the 
systematic, patient observation of facts, 
and then a process of inference or induction 
therefrom. Hence we call Bacon the father 
of the inductive or scientific method. 

Though Bacon made no discoveries of 
his own, and though he underrated the 
importance of wisely framed hypotheses 
in the search for truth, he was a genuine 
researcher when time availed. Early in 
1626 he exposed himself unduly to cold 
while making an experiment on the effect 
of snow upon the preservation of flesh. He 
has not told us how long the fowl which he 
stuffed with snow remained sweet, for he 
fell ill and died at Highgate, near London, on 
April 9, 1626. His bones lie in St. Michael’s 
Church, St. Albans. 

WALTER BAGEHOT 
The Apostle of Evolution In Politics 

Walter Bagehot, one of the freshest 
and most detached minds of the nineteenth 
century, who appealed by all he wrote 
to thinkers of his own and foreign lands, 
was born at Langport, in Somersetshire, 
February 3, 1826, the son of the general 
manager of a prosperous bank, and of its 
founder’s niece. His education, begun at 
Bristol, was completed at University College, 
London, where he took a mathematical 
scholarship with his Bachelor’s degree, in 
1846, and the gold medal in Intellectual 
and Moral Philosophy with his Master's de- 
gree, in 1848. In connection with Uni- 
versity College, Bagehot found some of his 
best and life-long friends, such as Richard 
Holt Hutton, of the “ Spectator,” and 
Arthur Hugh Clough. At first the intention 
of the young student was to join the Bar, 
and indeed, in 1832, he was “called,” 
but he finally determined to continue his 
father’s banking work, which he variegated 
with journalism of the higher kind, writing 
first for the reviews, and later for the 
“ Economist,” of which he was the editor 
from i860 to his death, at Langport, March 
24, 1877. He had married, in 1858, the 
daughter of the Rt. Hon. James Wilson, the 
founder and proprietor of the “ Economist.” 

Bagehot’s social position, and his life as a 
serious journalist, brought him into close 
touch with politics and business, while his 
personal taste found in literature a high 
delight. On each of these lines Bagehot 
gained lasting distinction as a writer. He 
was an original political economist, a lucid 
political thinker, the author of the most 
searching and illuminating book on the 


English Constitution, and the only work 
on City of London financial operations — his 
“ Lombard Street ” — which may be said to 
handle business while touching literature. 
But while he will long remain a classic in 
a department of writing otherwise sur- 
rendered to dulness, Bagehot will chiefly 
live through his extraordinarily stimulating 
criticism of literature and men, gathered by 
his friend and biographer, Richard Holt 
Hutton, into volume form from various pub- 
lications, as literary and biographical 
studies. Nowhere else in English criticism 
is there any writing that flashes with such 
piercing insight. The fact is that, in a 
singular degree, Bagehot thought for himself. 
With a strong yet subtle mind, he also had 
vision, sudden, imaginative charm, and over 
all a play of humour, swift, keen, but not ill- 
natured. It was said of him as a conver- 
sationalist that he never answered a question 
without either making the questioner think 
or laugh, or both think and laugh ; and the 
truth of that estimate can be surmised by 
every reader of his more discursive books. 

As a youth Bagehot wrote letters from 
Paris during the days of the Third Napoleon's 
coup d'Hat, in which he rioted in satire while 
defending Napoleon’s action, apparently to 
shock the staid readers of the “ Inquirer ” 
newspaper, but his genius shone even 
through this humorously malicious ex- 
uberance. But he quickly sobered to a 
sense of responsibility, and his “ English 
Constitution ” and “ Economic Studies ” 
have become text-books of university edu- 
cation, while his “ Physics and Politics ” 
— an application of evolution to social 
developments — has commanded the atten- 
tion of thinkers throughout the world. 
The weakness of Bagehot’s political work 
was that, while he had abundant imagina- 
tion, he had little faith, particularly in the 
popular mind. He did not give sufficient 
credit to average worldly wisdom compared 
with the intellectual incisiveness which was 
his own possession. 

As a man Bagehot had great charm, 
though he was somewhat intolerant of 
thinking that was feeble and confused ; 
and the memoir by his friend Hutton that 
prefaces his collected work is one of the most 
sensitive and delicate pieces of biography 
in the English language. No original man 
was happier in his death, inasmuch as he 
left behind an admiring friend who could 
picture “ a nature high-spirited, buoyant, 
subtle, speculative, in which the imaginative 
qualities were even more remarkable than 
the judgment, a gay, dashing humour, the 
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life of every conversation, and a visionary 
nature to which the commonest things 
seemed the most marvellous, and marvellous 
things most intrinsically probable/' 

ALEXANDER BAIN 

The Modern Exponent of • Materiel Mind 

Alexander Bain, the Scottish psychologist, 
was born on June n, 1818, m AbeitLeen, 
his father being a handloom weaver, 
who (to quote Bain’s own words, in his 
“ Autobiography ") "was both expert and 
industrious," and " could earn consider- 
ably over a pound a week.” The boy’s 
home life was severe. His education began 
early, and he needed all the constancy 
of purpose and untiring energy which he 
inherited from his father — a father who 
worked at his loom fifteen hours a day, six 
days a week, to cope with the needs of his 
large family. The boy was taught religion 
by his father and others, of a type and in a 
manner which may have largely accounted 
for his subsequent mental attitude. 

Young Bain early distinguished himself 
in the university of his native town, both 
in what we nowadays call psychology 
and in the physical sciences. Soon he began 
to write, becoming an ally and fellow- 
worker of John Stuart Mill, with whom he 
is definitely to be classed as a member of 
the " associationist " school of psycho- 
logists. In i860 Bain became Professor of 
Logic in Aberdeen, having already pub- 
lished his two great books, " The Senses 
and the Intellect ’* and " The Emotions and 
the Will," in 1855 and 1850 respectively. 
His psychology was based entirely on 
physiology, and represents the furthest 
limits that could be reached on the lines 
of the school to which he belonged. But 
half a century later it seems to belong to 
a mode of thought we have far outgrown, 
though the work of the materialists was 
doubtless necessary in its time and place. 

After a long life of incessant work, Bain 
died on September 18, 1903, not far from 
his birthplace. Had there been a crema- 
torium in Aberdeen, he would have been 
cremated. He requested that no stone 
should be placed upon his grave ; his 
books, he said, would be his monument. 

SIR WILLIAM FLETCHER BARRETT 
An Explorer of 4ht Shadow-World 

Sir Wiliam Fletcher Barrett was born 
on February 10, 1844. His father was a 
Congregational minister, who published, 
some sixty years ago, a popular work on 
geology which gained him the odium of a 
heretic. In his twentieth year young 
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Barrett became assistant to Professor 
Tyndall at the Royal Institution, and there 
he remained for four years, seeing a great 
deal of Faraday, whom he describes as 
“ one of the most beautiful characters I 
have ever met." From 1873 to 1910 Sir 
W. F. Barrett was Professor of Physics at 
the Royal College of Science in Dublin. As 
a physicist, Professor Barrett is known 
for his discovery of sensitive flames, which 
are affected by very faint sounds, and for 
the discovery of the recalescence, or sudden 
reglow, of certain metals when cooling 
from a white heat. 

But his most important work has been 
connected with the scientific study of the 
most mysterious and important and neg- 
lected of psychical phenomena. As early 
as 1876 he read a paper on "Thought 
Transference " before the British Associa- 
tion, and in January, 1882, there was 
founded by Barrett and others the Society 
for Psychical Research, of which he became 
one of the first vice-presidents. 

Professor Barrett has written largely, 
above all, on thought transference and on 
the curious facts of the " dowsing-rod," by 
which the " dowser " is said to be able to 
detect the presence of underground water. 
Early in 1912 was published his small 
volume on " Psychical Research," which 
has been very widely read, and he has since 
published a book # on Swedenborg. As a 
trained and academic man of science, who 
became a pioneer in a neglected, despised, 
yet vitally important field of study, he 
has earned for himself a secure place in the 
history of knowledge. 

JEREMY BENTHAM 

The Hermit Prophet and Philosopher of 
Radicalism 

Jeremy Bentham was born in Hounds- 
ditch on February 15, 1748. His father 
was a well-to-do solicitor. The precocity 
of the child led the father to invent eccen- 
tric methods of education; he was con- 
tinually exhibited as a prodigy. He went 
:o Westminster at eight, Oxford at twelve, 
ind was entered at Lincoln’s Inn at six- 
teen. His father’s desire to see him on 
the Woolsack was prevented by Jeremy’s 
failure in the Courts. After all the dazzling 
success of the prodigy, it looked as if life 
would do without him. 

But while under the displeasure of his 
father, and living what he afterwards 
described as a miserable life, Jeremy 'Wrote 
and published a work entitled " A Fragment 
on Government." In his law^studies Ben- 
tham had discovered endless abuses of the 
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first magnitude ; and when he found that 
Blackstone belauded the English Constitu- 
tion as practically faultless, he was stung 
to writing this fragment on government. 
Its success was instantaneous. Bentham 
became the friend of so powerful a man as 
Lord Shelburne, and from that day his 
life was a progress in prosperity and tame. 

It must be acknowledged that he owed 
no small amount of his fame to the brilliant 
French translations of his works by M. 
Dumont. Bentham only became tolerable 
and intelligible, according to Sydney Smith, 
after he had been washed, trimmed, shaved, 
and forced into clean linen. Certainly it 
was in France that our philosopher first 
attained popularity. On a visit to Paris 
in 1825 he entered one of the supreme law 
courts, was recognised, and immediately 
the whole body of advocates rose to do 
him reverence, while the judges invited 
him to take a seat of honour beside them. 

In England it was not only the clumsiness 
of Bentham’s style that stood in the way 
of his success, but certain fundamental 
deficiencies in his philosophy which were 
soon manifested by the reviewers. He was 
the philosopher of Radicalism ; he de- 
manded many of the reforms that have 
either come or are coming, but he failed to 
see that progress depends upon the educa- 
tion of the popular mind. Macaulay never 
ceased to do honour to Bentham as the 
lather of Jurisprudence, but he offered 
the most brilliant, the most contemptuous, 
and the most shattering opposition to the 
upholders of the doctnne of utility which 
pervaded most of Bentham’s political writ- 
ings. 44 We apprehend,” he wrote, 44 that 
many of them are persons who, having 
read little or nothing, are delighted to be 
rescued from the sense of their own in- 
feriority by some teacher who assures them 
that the studies which they have neglected 
are of no value, puts five or six phrases into 
their mouths, lends them an odd number of 
the 4 Westminster Review,* and in a month 
transforms them into philosophers.” He 
spoke of them as 41 smatterers whose attain- 
ments just suffice to elevate them from the 
insignificance of dunces to the dignity of 
bores, and to spread dismay among their 
pious aunts and grandmothers.” 

Macaulay truly pointed out that Ben- 
tham's principle of 44 the greatest happiness 
of the greatest number ” — a phrase which 
Bentham had adopted and made famous — 
was as old as the precepts of Christ, but 
that with Christ the injunction of the 
Golden Rule was accompanied by a sanc- 


tion of immense force. 44 He should reflect 
that the whole vast world of morals cannot 
be moved unless the mover can obtain 
some stand for his engines beyond it. He 
acts as Archimedes would have done if he 
had attempted to move the earth by a 
lever fixed on the earth.- The action and 
reaction neutralise each other. . . . Mr. 
Bentham can only tell us to do something 
which we have always been doing, and should 
still have continued to do, if we had never 
heard of the ‘ greatest happiness principle 
or else to do something which we have no 
conceivable motive for doing, and therefore 
shall not do.” But, in spite of all this 
fine criticism, Bentham did undoubtedly 
give a fresh energy to political economy. 

He dressed as a Quaker, lived like a 
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hermit, and, with the exception of music, 
knew nothing of the arts. He occupied 
Milton’s old house in Westminster, and, 
though a delightful host to guests of his 
own invitation, kept his door shut against 
all intruders, even the most famous. 
Madame de Stael once sought an audience, 
and received the message that Mr. Bentham 
certainly had nothing to say to her, and 
could not see the necessity of an interview 
for anything she could have to say to him. 
Mr. Edgeworth, with his usual pomposity, 
sent this message by the servant : 44 Tell 
Mr. Bentham that Mr. Richard Lovell Edge- 
worth desires to see him.” 44 Tell Mr. Richard 
Lovell Edgeworth,” came the answer, 44 that 
Mr. Bentham does not desire to see Atm.” 
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Jeremy Bentham lived to be eighty-four, 
and died on June 6, 1832. He left his body 
for dissection, and his skeleton stands in 
London to this day, dressed in his old 
clothes, at University College. 

HENRI BERGSON 
The Optimist of Creative Evolution 

Henri Bergson was born in Paris, of 
Jewish ancestry, on October 18, 1859, the 
year of the publication of the “ Origin of 
Species." He received a thorough academic 
education of the usual type, and in 1896 
first made an impression upon the thinking 
world by his publication of the volume 
called " Matter and Memory," which may 
be looked upon as a stage of inquiry and 
preparation for his principal work. In 
1900 Bergson was appointed Professor of 
Philosophy at the Coll (‘go of France, and 
that post lie still holds. In 1907 he pub- 
lished his master-work, “ L’ Evolution 
rreatrice," which was translated into 
English by Dr. Mitchell, and published, in 
1911, by Messrs. Macmillan, under the title 
of “ Creative Evolution." 

Thanks in part to the influence of the 
late Professor William James, the name 
and fame of Bergson have now spread every- 
where, and made him, in a very short time, 
the central figure of contemporary philo- 
sophy, as he undoubtedly is. It was the 
intention of James, a generous and selfless 
thinker, had he lived, to have written an 
introduction to the English translation of 
" L* Evolution Great rice.” Its author has 
been honoured by academic invitations to 
lecture at the Universities of Oxford, 
London, and Birmingham, and has been, 
since 1912, the Gifford Lecturer at the 
University of Edinburgh. He is the new 
President, for 1913, of the Society for 
Psychical Research. 

Since the publication of “ Creative Evo- 
lution," Bergson has become the most con- 
spicuous figure in that comparatively small 
but extremely distinguished band who are 
reasserting the claims of the mind to the 
supreme place in Nature, from which the 
mechanical science of the nineteenth century 
seemed to have deposed it, even in the 
realm of the living world. Bergson cannot 
with historical accuracy, however, be called 
the actual pioneer of the new movement. 
William James came before him, in his own 
individual and suggestive style, and notably 
Dr. Hans Driesch, of Heidelberg, whose work 
on the soul as a primary factor in Nature 
was published as far back as 1903. More 
recent the " new " school — which is as 
44 i8 


old as Anaxagoras— has received a notable 
English adherent in Dr. McDougall, of 
Oxford, so that it now has a representative 
of the first order in each of the three chief 
intellectual nations of the world. 

As with Driesch and McDougall, Bergson’s 
approach to the ultimate problems of the 
universe is scientific. He has received 
neither the long and stern training as a 
naturalist of the former, nor the medical 
training of the latter, but his route of access 
to our central problems has been especially 
psychological. His first task was a critical 
one, and it was made easier by the circum- 
stances of his life and training. He came 
to the study of living nature in the country 
and city where Lamarck had taught and 
was honoured, so that, while making himself 
profoundly acquainted with the work of 
Darwin, lie was not likely to fall under the 
spell of acceptance which that great student 
and his almost overwhelming champion, 
Huxley, wrought in this country between 
the year of Bergson's birth and the end of 
the nineteenth century. 

For Bergson, as for everyone else in our 
time, universal evolution is a fact. We 
are all inheritors of Lamarck and Spencer 
and Lyell and Darwin in that respect. But, 
in preparation for his attempt to re-state 
the idea of ( volution, in the light of modern 
knowledge, Bergson needed first to make a 
fresh and impartial survey of all his evolu- 
tionary predecessors, knowing well that, 
while evolution is a demonstrated fact, its 
how and whence and wherefore were still 
open to discussion. “ Creative Evolution " 
is the result of that discussion, inscribing a 
new page in the history of thought ; and 
the reader may be curious to note an 
apparent rhythm in the sequence of this 
history. Darwin was born in 1809, the 
year of the publication of Lamarck's great 
treatise. Fifty years later, Darwin pub- 
lished his contribution to thought, and 
forty-eight years later, the man who was 
also given to the world in 1859 published 
his volume in its turn. 

The specific doctrine called “ Darwinism," 
the theory of the origin of species by natural 
selection, has not surVivecl the criticism of 
Bergson and others. In 11 Creative Evo- 
lution " wc are clearly shown that the 
essential factor of organic evolution has 
been omitted altogether from the Darwinian 
theory. As a trained psychologist, Bergson 
had his eyes open to indications of mind, 
wherever they are to be found, just as the 
engineer sees mechanism wherever he looks, 
and the chemist is alive to the signs of 
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chemical processes. But the evolutionists 
; of the nineteenth century had not been 
psychologists primarily, if at all, and they 
had missed what Bergsoa saw, the truth 
that it is impossible to explain the facts of 
life unless we invoke mind — the “ Seele " 
i of Driesch — as the primum mobile , or prime 
mover, of the whole process. 

In a sense, but with a vast difference, this 
Neo-Vitalism, as it has clumsily been called 
by its commentators, is a return to the 
' views which the nineteenth century evo- 
i lutionists deposed. When they came upon 
the scene, the accepted theory mav fairly 
enough be identified with the “ Natural 
Theology " of Archdeacon Paley. Any 
living creature had only to be looked at 
closely in order to see that it had evidence 
in it of design, whence the older thinkers, 
such as Paley, inferred the Mind of a 
Designer, as we infer a watchmaker from a 
watch. The pioneer evolutionists com- 
bated this view. What had been called 
design was really chance, they said- the 
result of fortuitous variations, the most 
advantageous of which had been seized 
upon and maintained by natural selection. 

Modern vitalism, as represented above 
all by Bergson, declares that this explana- 
tion of organisms by chance is incredible, 
or, rather, no explanation at all, and main- 
tains the importance of mind in a new-old 
sense. The accumulated facts of the be- 
haviour of living creatures, carefully col- 
lected and studied by many students during 
the last twenty years, and especially during 
the present century, make imperative some 
recognition of purpose or design in life; 
but this, according to Bergson and all other 
evolutionists, is certainly not design as 
Paley understood it — the making of living 
creatures according to some preconceived 
plan or scheme in the mind of an Almighty 
Manufacturer. 

According to Bergson, Life is Mind, and 
it is the architect of living beings. The 
whole history of life, of plants and animals 
and human beings, is the product of this 
psychical entity, Mind or Life — for the 
terms are synonymous — which becomes 
visible or incarnate in* living organisms 
whenever the conditions of the physical 
world permit, and which everywhere ex- 
hibits a Striving or Push, which, in Berg- 
son's famous phrase, is now called* the 
“ Sian Vital." He argues, further,, that 
this mind or will, which we feel in our- 
selves, purposing and achieving new things , 
js the real creative force of the world. 
“ The great error," he says, " of the doc- 


trines about the Soul (or Mind) has been 
the idea that by isolating the spiritual life 
from all the rest, by suspending it in space 
as high as possible above the earth, they 
were placing it beyond attack, as if they 
were not thereby simply exposing it to be 
taken as an effect of mirage." That, of 
course, is exactly what the popular forms 
of religion and philosophy for the million 
have always done, as against the teaching 
that " the Kingdom of Heaven is within 
you," which no priesthood yet has ever 
been found to teach or tolerate. 

No, says Bergson ; spirit is neither an 
illusion, as “ science " had said, nor an 
extra, introduced into man from above 
by some non-natural process. All life is 
the expression of spirit, which expresses 
itself most clearly in man, the highest 
product of the evolution of life. As he 
says, " Reality is a perpetual growth, a 
creation pursued without end. Our will 
already performs this miracle. Every human 
work in which there is invention, every 
voluntary act in which there is freedom, 
every movement of an organism that mani- 
fests spontaneity, brings something new into 
the world." 

Already we can see that thought is 
advancing in its customary spiral. We 
seem to go back, with Bergson, to Lamarck, 
and even to Paley, but it is on a higher 
plane, thanks to the lift which we owe 
to the mechanical evolutionists of the 
nineteenth century. The appropriateness 
of Professor Bergson's new position, as 
President of the Society for Psychical 
Research, is evident. The very word 
" science," which seemed opposed to reli- 
gion and to all recognition of the soul in 
man or in Nature, is beginning to take on 
a wider and a nobler meaning under the 
influence of modern vitalism. 

Professor Bergson is still, and will be 
for some time, at the age when the greatest 
works of thought have been produced by 
their authors. His chief work has been 
exposed to an amount of study and criti- 
cism which cannot but be salutary, and 
we are entitled to hope that he has greater 
things yet in store for us and for those 
who are to come after us. His new and 
keen interest in eugenics, which seeks tc 
exalt and amplify the human mind, is 
perhaps the best of existing omens for the 
progress of that 44 new factor in religion ’ 
in our time. Certain it is that a Berg- 
sonian and spiritual basis for eugenics will 
alone be tolerated by the growing con- 
sciousness of the twentieth century. 
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ARCHIMEDES— A GREAT SCIENTIST BE- . 
FORE CHRIST 

SIR RICHARD ARKWRIGHT— A FOUNDER 
OF MODERN LANCASHIRE 
LORD ARMSTRONG— THE CLERK’S SON 
WHO REVOLUTIONISED WARFARE 
CHARLES BABBAGE — THE MAN WHO 
MADE THE FIRST COUNTING MACHINE 
ROGER BACON-THE WONDER-MAN OF 
THE MIDDLE AGES 

JOHN BAILEY — THE BENEFACTOR OF 
EVERY PLOUGHMAN 
HOWARD T. BARNES — MAKING THE 
ICEBERG SPEAK 

FRITZ BERNHARD BEHR— THE PIONEER 
OF A NEW TRAVEL AGE 

ARCHIMEDES 
A Great Scientist before Christ 

A rchtmedes was born b.c. 287, at Syra- 
** cuse, Sicily, then one of the chief cities 
of the West Grecian world. The son of a 
geometer, and on terms of intimacy with 
Hiero, King of Syracuse, and with Gelo, his 
son, he was educated in part at the great 
school of Alexandria, and maintained a 
regular correspondence with the students 
of geometry of that city. Regarded as the 
most perfect type of scientific intellect 
that has appeared in the world, he appeals 
to the popular mind by his inventions, and 
to the scholar by his researches and dis- 
roveries in pure science. It was to science 
lie was wedded. He scorned the mighty 
mechanical inventions of which he was the 
creator, and at which all the world won- 
dered. He invented to order. Had he been 
living today, we should have asked him for 
the long-sought storage battery for elec- 
tricity, or a stable aeroplane, and probably 
should not have asked in vain. King Hiero 
pished and huffed at his recondite studies, 
md asked for something tangible. As old 
Plutarch tells us, Archimedes regarded his 
inventions only as among the amusements 
jf geometry. “ Nor had he gone so far, 
but at the pressing instances of King Hiero, 
who entreated him to turn his art from 
abstracted notions to matters of sense, 
md to make his reasonings more intelligible 
to the generality of men, applying them to 
the uses of common life/' 

We have many King Hierps today who 
iold that science is valueless unless applied. 
Germany, in so far as she has beaten ug in 
he race, has beaten us because she is pre- 
pared to take scientific investigation on 
trust, confident that something of value will 


ALEXANDER , GRAHAM B F. LL — CARRYING 
SPEECH ACROSS THE EARTH 
HENRY BELL— THE FATHER OF STEAM 
NAVIGATION 

EMILE BERLINER— HOW HE MADE THE 
GRAMOPHONE POSSIBLE 
SIR HENRY BESSEMER— THE NEW ERA IN 
STEEL 

MATTHEW BOULTON— A PIONEER OF THE 
STEAM ENGINE 

LOUIS BRAILLE— HELPING THE BLIND TO 
READ 

JOSEPH BRAMAH-THE MAKER OF THE 
HYDRAULIC PRESS 

EDOUARD BRANLY— FIRST STEPS TO- 
WARDS WIRELESS TELEGRAPHY 

result from every new important experi- 
ment. But Archimedes responded to his 
sovereign’s call. He invented pulleys and 
windlasses, the water-screw or screw-pump, 
that endless screw which we find in opera- 
tion today in sixpenny toys and some 
thousand-pound motor-cars ; he invented 
various hydraulic and compressed-air ma- 
chines ; and the burning mirror, as to which 
the story is not disproved that he destroyed 
part of the Roman fleet when it appeared 
before the sea-walls of Syracuse. For the 
defence of the city against the army of 
Marcellus he created engines of war whose 
fame has ever since rung through the world, 
towering structures which suddenly rose 
above the battlements, to hurl stones or 
masses of lead against the assailants, 
which dropped beams endwise on their 
ships, or flung out hooks which, grappling 
the galleys, tilted them into the air, then 
let them fall slanting to the bottom of the sea. 

Equally startling defensive measures met 
the attack on the land side, and the terrified 
Romans could but sit down and wait. They 
starved the city into surrender, but the 
operation took three years. Archimedes, 
having done his duty, and created the 
things for which he had been asked, had 
gone quietly back to his studies ; and when 
the Roman soldiery broke in they found 
him pondering a diagram in the sand. It 
was by mistake that they slew him, for 
they had been expressly commanded by 
Marcellus to spare the distinguished man. 
Marcellus buried him in a noble tomb, 
which was discovered and. restored more 
than a century later by Cicero. The tomb 
bore a representation of a cylinder cir- 
cumscribing a sphere, with a verse indicat- 
ing that Archimedes regarded as his greatest 
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achievement the measurement and mutual 
proportions of these two bodies. 

Ihe contributions of Archimedes to pure 
science have long been absorbed into the 
learning of the world to whose sure founda- 
tions he so greatly contributed. His results 
were attained by infinite patience, and also 
by brilliant intuition. Of the latter, the 
well-known story of his detecting the alloy 
in the king's crown is typical. Hiero had 
given a known weight of gold to an artificer 
with which to make him a crown, and, sus- 
pecting a cheat, asked Archimedes to tell 
him whether base metal had been substi- 
tuted for any of the gold. Archimedes was 
puzzled until one day, stepping into a bath, 
lie caused the water to run over. He had 
mastered the secret, and ran through the 
streets to his home in a state of nudity, 
crying, " I have found it ! " It had flashed 
upon his mind that a body in water dis- 
places a quantity of water of equal weight. 
It, therefore, the crown and an equal 
weight of gold were placed separately in a 
vessel of water and the overflow occasioned 
by each noted, the presence or absence of an 
alloy would be manifested. Starting from 
this point he composed his masterly treatise 
upon floating bodies, the first attempt 
made to estimate the pressure exercised by 
the elements of a fluid. 

Archimedes died in 212 b . c . His works 
live after him. He was right, and his master 
was wrong ; it is the results of his abstract 
studies that have mattered to the world. 
Some of his inventions have been in general 
use to this day, but his teachings are of the 
foundation of learning for all time. 

SIR RICHARD ARKWRIGHT 

A Founder of Modern Lancashire 

Richard Arkwright, of spinning- jenny 
fame, was born at Preston, Lancashire, on 
December 23, 1732, the youngest of thirteen 
children, whose parents were extremely 
poor. He received but scanty education ; 
and, indeed, it was not until he had turned 
fifty that he was able really to master 
spelling and grammar. He began his career 
early in a barber’s shop, and, setting up for 
himself in a cellar at Bolton, displayed the 
sign, “ Come to the subterraneous barber. 
He shaves for a penny.” When his rivals 
brought down their prices to his level, Ark- 
wright reduced his to a halfpenny. He 
married first in 1755, but seems soon to have 
been left a widower, for he married again in 
1761, and, abandoning his barber's shop, 
set out as a travelling wig-maker. He 
bought human hair on his travels, and, 
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utilising a secret chemical preparation, dyed 
his wigs the colour desired by his patrons. 

By what steps he was led to the invention 
of his spinning-frame is not known, but 
cotton was king in Lancashire then as it is 
today, and to every cottage that he went 
its manipulation represented the bread of 
life. Up to 1767, when Hargreaves invented 
his spinning-jenny, the workers had been 
able to manage but one spindle at a time. 
The weavers had had to furnish themselves 
as well as they could with warp and weft 
for their webs, and, when the cloth was 
made, sell it wherever they could discover a 
market. At this time certain Manchester 
merchants began to organise the labour of 
the cottagers. They sent their agents far 
and wide, and supplied the weavers with 
foreign or Irish linen yarn for warp (that is, 
the stiffening cross-thread), and with raw 
cotton which before it could be used had first 
to be carded and spun by means of the old 
spindle or distaff, and then used as weft — 
the longitudinal threads. This stimulated 
the industry, but the demand for yarn far 
exceeded the supply. 

Matters assumed a more promising aspect 
with the invention by Hargreaves of 
his famous spinning-jenny, which multiplied 
the number of spindles that the operative 
might use, from one to eight and afterwards 
more. But the resultant yarn was too 
soft for use alone ; it had still to be com- 
bined with the linen warps ; and it is 
interesting to recall, as a sidelight upon 
old trading methods, that the Irish manu- 
facturers complained of the sale to England 
of Irish warps, as creating a scarcity in 
Ireland, and so forcing up prices. It was in 
1767 that Hargreaves completed his jenny, 
though he did not patent it until three years 
later, and it is probably only a coincidence 
that in the former year Arkwright began his 
own investigations. There is no evidence 
that he knew anything of Hargreaves's 
invention ; trade secrets were hoarded like 
a miser’s treasure. But his vigorous intel- 
ligence had already grasped the theory of 
his spinning-frame, by which to abolish the 
old labour of work by hand, and at the 
same time to produce a thread stout enough 
to serve both as warp and weft. 

It was in 1767 that Arkwright sought 
out one Kay, a clockmaker of Warrington, 
and asked him to make him the first model 
of his spinning-frame. The attempt was 
made, in later years, to prove that Kay 
betrayed the secret of another man to 
Arkwright, and that the latter's invention 
was in reality that of the man said thus to 
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have been wronged. The evidence of Kay loan of a smith and toolmaker for the 
is wholly untrustworthy, and there is every heavier part of the apparatus ; while Kay, 
reason to believe that Arkwright's own under the instructions of his poverty- 
account of the matter is correct — that he stricken master, undertook the clockwork 
got his idea from seeing red-hot iron being part of the business. Arkwright gave 
drawn out through two pairs of rollers, the 1768 as about the year of his invention, 
second pair moving more quickly than the but stated that it was effected only 
first. Here, he thought, was a manner in after " many years* intense and painful 
which cotton, after being cleaned and application." 
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carded, might be treated. Arkwright threw When the first model was finished, the 
himself wholly into his new scheme, gave inventor, accompanied by Kay, set off to 
up the wig business, and brought himself Preston, where they exhibited it in great 
low pecuniarily, so that vtfhen he applied secrecy to a possible patron in the parlour 
to a certain instrument-maker for assistance of the old Grammar School House. A 
the man of substance turned in contempt striking picture has come down to us of the 
from the unkempt genius before him. He preliminary trials with the machine which 
did consent, however, to grant Kay the was to endow Lancashire in particular, and 
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the nation generally, with such wealth. 
The care that they took to screen their 
operations created suspicion. Two aged 
women, living hard by the schoolhouse, 
seem to have crept fearfully on tiptoe into 
the gooseberry plantation before the school- 
house, and to have told with fine imagina- 
tion of the hideous witchcraft that was 
being practised within the little parlour, of 
the weird humming which suggested that 
the devil was tuning his bagpipes, and of 
Arkwright and his confederates dancing a 
hornpipe. In reality there was not much 
enchantment in the matter. The prosecu- 
tion of his plans brought the inventor to 
such straits that, when he was asked to go 
to the poll to record his vote, he declined 
until those who sought his suffrage gave him 
a good suit of clothes in place of the rags to 
which he was reduced. 

Lancashire was cotton mad ; it was 
machinery mad in quite another sense ; so, 
warned by the experience of others, Ark- 
wright set up his first commercial machine 
in Nottingham, where, assisted by various 
enterprising people, he opened his first 
works, and drove his machinery by horse- 
power. This proving too costly a method, 
he established himself at Cromford, in 
Derbyshire. Here he had excellent water- 
power, and began operations with success. 

But the Lancashire manufacturers, who 
had been crying out for the very article that 
he had to offer, now refused to use it. They 
were prepared to injure themselves in order 
to ruin him. He was driven to stocking- 
making, and then to the manufacture of 
calico. His success was brief, for the men 
of Lancashire invoked an Act of 1736, 
designed to protect the woollen industry, 
by imposing a tax of threepence per yard 
on such fabrics when exported, and pro- 
hibiting its use at home unless it embodied 
a linen warp. But the indomitable Ark- 
wright made representations to the Govern- 
ment, which brought about the repeal of this 
absurdity, and in 1774 manufacturers were 
free to fabricate " stuffs wholly made of the 
raw cotton wool." 

In the following year, Arkwright patented 
a great development of his machine. The 
new method embraced the entire process 
of cotton manufacture, carding, draw- 
ing, roving, and spinning — a marvellous 
machine for such an age, and from the brain 
of a man entirely self-taught in mechanics. 
The invention gave an er.ormous impetus to 
the cotton trade of England. Supplies were 
vastly increased, prices for yarn and for the 
finished article were reduced, the output 
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was multiplied a thousandfold. Forthwith 
Arkwright brought into being our factory 
system. He organised with care and with 
humanity, and, considering the character 
of his materials, achieved marvels. 

But his real battles began only when 
success seemed assured. He built his own 
factories, he licensed other manufacturers 
to use his patents. Yet though individual 
and collective prosperity was increased 
by his invention, the masses hated his 
machines. They wrecked his mill near 
Chorley, while the police and military, 
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encouraged by his trade rivals, looked on 
with folded hands. Added to this, he had 
to combat the knavish practices of manu- 
facturers who, while doing all they could 
openly to injure him, secretly stole, his 
patents and set to work with his machines. 
The story of his legal battles is too long and 
complicated to be recounted here. In the 
end he was beaten on legal technicalities. 
His patents were cancelled, without, so far 
as we can judge today, a shred of credible 
evidence against then; bona tides, 
j However, he still held an incompar- 
able position in the manufacturing world, 
amassed a great fortune, and had the joy of 
attaining some degree of scholarship, and 
of seeing the cohntry’s trade increasing by 
leaps and bounds as the results of the labours 
of his mighty, untrained brain. He died at 
Cromford on August 3, 1792, six years after 
he had been knighted by George III, 
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LORD ARMSTRONG 

The ClerR'a Son who Revolutionised Warfare 

William George, first .Baron Armstrong, 
the inventor of tne hydraulic crane and the 
rifled cannon, was born at Newcastle on 
November 26, 1810, the son of a clerk who 
became a corn merchant. Young Arm- 
strong, though betraying a strong bent for 
mechanics, was articled to a solicitor, whose 
partner he eventually became, to practise 
law for thirteen years. His career as an 
inventor, really begun when he was still a 
child, had its rise in one of those happy 
accidents which only the inspired intelli- 
gence seizes. 

While out fishing, he watched at work a 
water-wheel, upon which fell a stream that 
descended from a great height. He noted 
that only some twenty feet of the fall of 
several hundreds of feet were utilised, 
all the rest being unproductive. He con- 
ceived the notion that if the whole rill were 
conveyed by pipe, and caused to act by 
pressure at its base, the entire fall could be 
utilised. The idea germinated in his brain 
for some time, during which he closely 
applied himself to the study of hydro- 
statics, and by writing and speech, and 
an actual model, showed how effective a 
hydraulic crane could be made. 

The opportunity arrived when he was 
enabled to construct, on Quayside, his first 
full-sized crane worked by hydraulic pres- 
sure, the power being obtained from the 
pressure in the water-mains of the Whittle 
Dene Company. The experiment was at 
once successful, and, the news becoming 
noised abroad, many scientific men visited 
Newcastle to see it. 

One of these was Mr. Jesse Hartley, 
engineer of the Liverpool Docks, who, 
hating new-fangled notions, was yet per- 
suaded, much against his will, to go 
unannounced to see the crane. Only the 
crane-man was on the spot, and he, in reply 
to the challenging banter of the stranger, 
put the crane through its paces in such 
a manner as to demonstrate its infinite 
superiority to any other. The result was 
that the visitor walked into Armstrong's 
office, to say : “I am Jesse Hartley, of 
Liverpool, and I have seen your crane. 
It is the very thing that I want, and I shall 
recommend its adoption at the Albert 
Docks." And he was gone. 

The crane was adopted at Liverpool ; it 
was adopted at all the great docks of our 
own land and others, and was the parent of 
all the multifarious forms of hydraulic 
machinery which are now found indispens- 


able in every branch of industry where 
heavy weights have to be handled and 
great pressure exerted. 

The gun-making side of Lord Arm- 
strong’s business was the outcome of his 
studies of the ineffective fire of our artillery 
in the Crimean War. The rifling of small- 
arms having effected a great improvement, 
why, he asked himself, should not the 
principle be applied with equal success to 
cannon ? He tried to enlarge a rifle musket 
to the proportions of a field-gun, substitut- 
ing leaden projectiles for balls of cast iron. 
He gave three years to the work and spent 
a thousand pounds on it, to have his piece 
described by the War Office as a popgun. 
He enlarged the bore, and was bidden make 
an experimental 18-pounder. After vexa- 
tious delays and quibbles, a special com- 
mittee was appointed, which finally reported, 
after exhaustive trials, that the Armstrong 
gun was fifty-seven times as accurate as 
the Service weapon then in use. Armstrong 
presented the valuable patent rights to the 
nation, was knighted and appointed En- 
gineer of Rifled Ordnance, while his firm 
was employed to carry out the work of 
constructing the guns. 

The whole art and practice of warfare 
was revolutionised by his inventions in 
relation to lethal weapons. Afterwards 
the building of warships occupied his 
attention, together with the manufacture 
of steel and machinery. Among other 
inventions standing to the credit of this 
remarkable man was the hydro-electric 
machine, which has since, in a variety of 
forms, proved a powerful means for pro- 
ducing frictional electricity. This inven- 
tion, perfected when he was only thirty 
years of age, brought him membership of 
the Royal Society. Lord Armstrong ‘died 
at Craigside, Rothbury, December 27, 
1900, having a few years previously bought 
Bamborough Castle, and endowed it as a 
pleasant home for cultured poverty. 

CHARLES BABBAGE 

The Man who Made the First Counting Machine 

Charles Babbage, the maker of the 
calculating machine, was bom near Teign- 
mouth, Devon, on December 26, 1792. 
Being a delicate child, he was at first 
privately educated, but took naturally to 
mathematics, possibly inheriting this taste 
from his father, who was a banker. When 
he entered- Trinity College, Cambridge, he 
found himself a better mathematician than 
his tutors, but profitably pursued his 
studies in company with Herschel and 
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Peacock, with whose assistance he founded, 
\n 1812, the Analytical Society. The three 
friends published, four years later, a trans- 
lation of Lacroix’s “ Elementary Treatise 
on the Differential and Integral Calculus,” 
and two volumes of Examples ” with 
their solutions, volumes which, it is de- 
:lared, gave the first impulse to a mathe- 
matical revival in England. 

Quitting Cambridge in 1814, Babbage 
established himself in London, became a 
Fellow of the Royal Society two years 
later, but in later life poured scorn upon 
the methods of this body, and by his 
criticisms helped materially to found the 
inestimable British Association. He also 
took an active part in founding the Astro 
nomical Society. While associated with 
Herschel in repeating Arago’s experiments 
on the magnetisation of rotating plates, he 
invented the astatic needle, this being a 
needle without polarity, having its directive 
property destroyed by the proximity of 
another needle of the same intensity fixed 
parallel to it, but with the poles reversed. 
But it is upon his work in connection with 
the calculating machine that the fame of 
Babbage depends. 

Primitive calculating machines for the 
performance of single arithmetical opera- 
tions had been in existence since the 
seventeenth century, when the first was 
invented, in 1642, by Pascal. Babbage 
fashioned a machine which calculated an 
entire table, the principle being worked out 
as the result of refined mathematical pro- 
cesses which gave him for basis the “ method 
of differences.” The numbers composing 
nearly all arithmetical scries can be formed 
by the repeated addition to fundamental 
numbers of a common difference or element, 
for which work, as he demonstrated, 
machinery was eminently fitted. By means 
of his machine he hoped to eliminate many 
of the serious errors which had crept into 
astronomical, navigation, and other tables. 
The invention was favourably reported 
upon by eminent scientists, and the Govern- 
ment of the day agreed to subsidise the 
inventor. Elaborate workshops adjoining 
Babbage’s house were eventually set up 
at the cost of the Government, and in these 
were fireproof rooms designed to receive his 
precious drawings and the valuable tools 
he had invented for the work. 

The machine was never really completed, 
for, before it reached its final stage, the 
fertile mind of the inventor saw infinitely 
greater possibilities for a machine of 
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greater scope, which was to be not a 
“ difference ” but an analytical engine. 
Eight years passed before he could get the 
Government to declare whether or not they 
would continue his patron. At last they 
decided against further expense. In ad- 
dition to £6000 that he had spent, the 
Government had laid out £17,000 and the 
goal had not been reached. So the great 
scheme fell to the ground, and only models 
and drawings remain of a machine which 
was to revolutionise mathematical science. 

Since the day of Babbage many and 
wonderful calculating machines have been 
invented, but he was the great pioneer. 
His writings, his own work, his betterment 
of tools, paved the way for others with 
energy sufficient to push home their 
theories, a faculty which Babbage, with his 
indifferent health and nervous excitability, 



CHARLES BABBAGE 


seemed to lack. He complained that street- 
organs and other noises had robbed him of 
one-quarter of his entire working power. 
After thirty-seven years of practically 
abortive work at the calculating machine 
which never actually calculated, Babbage 
was a little embittered against his genera- 
tion, but he was still a charming companion 
to those with whpm he was in sympathy. 

Lord Playfair, one of his intimates, has 
left us a pleasant picture of the fascinating 
conversation of Babbage. The latter was 
at work at the time upon a scheme of 
signalling by lamps — a scheme by which 
the Russians profited, by the way, during 
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the siege of Sebastopol. “ Babbage,” says 
Lord Playfair, “ was a man full of informa- 
tion, which he gave in an attractive way. 
I once breakfasted with him at nine o'clock. 
He explained to me the working of his 
calculating machine, and afterwards his 
methods of signalling by coloured lamps. 
As I was engaged to lunch at one o'clock, 
I looked at my watch — which indicated the 
hour of four. This appeared obviously im- 
possible, so I went into the hall to look for 
the correct time, and, to my astonish ment, 
found that the hour was four. The philoso- 
pher had, in fact, been so fascinating in his 
descriptions and conversation that neither 
he nor I had noticed the lapse of time.” 

Babbage paid great attention to the 
factory and workshop practices of England 
and of the Continent, and his Economy 
of Machinery and Manufactures ” was 
described by an eminent critic as the hymn 
of machinery. The work was quickly 
translated into four languages. All his 
writings attracted much attention, and he 
was received abroad with great honour. 
If he failed to reach finality with his own 
inventions, Babbage vastly stimulated 
others, and was a considerably greater force 
in the nineteenth century than is now 
commonly recognised. He died at his 
house in London on October 18, 1871, 
within sight of his beloved workshops. 

The rudiments of the machine which he 
and his friends believed was to quicken the 
application of science to every department 
of human life were removed to South 
Kensington Museum. Seven years later a 
committee of the British Association 
examined the drawings, and reported that 
the successful realisation ot the machine 
might mark an epoch in the history of 
computation equally memorable with that 
of the introduction of logarithms. The 
drawings, however, were not sufficiently 
advanced for the committee to advise any 
attempt to continue the work. 

ROGER BACON 

The Wonder-Mant of the Middle Ages 

Roger Bacon, the father of modern scien- 
tific learning, was born, of good family, upon 
an unknown date in 1214, at Ilchester, Som- 
erset. Perhaps the most, fascinating figure 
of his era, the monkish philosopher-inventor 
was far in advance of his time. His know- 
ledge of the law of optics enabled him to 
invent .the magnifying-glass (see page 964) ; 
and he described a telescope, though whether 
he wrote of a possibility or as of something 


that he possessed there is nothing to show. 
He may have had some primitive form of 
this instrument which was to revolutionise 
our kqpwledge of astronomy, but the 
evidence seems against it. That he in- 
vented, or at least knew how to create, 
gunpowder, seems to be beyond question. 
He investigated and explained the nature of 
the rainbow, and his writings led later to 
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the invention of spectacles, as, in another 
connection, they inspired and encouraged 
Columbus for his quest of the New World. 

These achievements of Bacon were very 
remarkable, considering the age in which he 
lived, and they were still more remarkable 
when we remember the extraordinary cir- 
cumstances in which they were effected. 
Although his family had been impoverished 
in the troublous times of Henry III., there 
remained sufficient of the estate to support 
him, and apparently certain brothers, at 
Oxford, where, before he reached manhood, 
he took Orders, though it was not until about 
1250 that he became a member of the 
Franciscan Order. After quitting Oxford 
he studied and taught in Paris, which was 
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then the centre of the intellectual life of 
Europe. Here he took his degree as doctor 
of divinity, and became known as “ Doctor 
mirabilis. His fame preceded jdm to 
Oxford, whither he returned at about the 
time that he became a Franciscan. 

The shallow pretentiousness and insin- 
cerity of the scholiasts had by this time 
disgusted the enthusiast, and he threw him- 
self into the study of physics, into ex- 
perimental investigation, and into the study 
of languages. He reached light in several 
directions, but in others groped hopelessly 
in the gross obscurity of the age in which he 
lived. He believed in and sought the 
elixir of life and the philosopher’s stone ; 
and, though he insisted that mathematics 
must be the foundation of astronomy, his 
belief in astrology led him to declare that 
by thus mastering the secrets of the stars 
we should cause them to exhibit to us the 
influences regulating temperament and the 
predisposition of character. 

The Franciscans could not tolerate the 
unconventional teaching of this mocker of 
the bad old ways, and he was ordered to 
Paris, kept under strictest surveillance, and 
for ten years forbidden to write or even to 
hold intercourse with his kind. His one 
influential friend was Guy de Foulques, 
papal legate in England. He, on being, in 
1265, elected Pope (Clement IV.), bade 
Bacon ignore his superiors, and write him 
his views on science and learning. “ The 
marvellous doctor” had, so far, written 
only scattered tracts, but he set to work 
with fiery zeal and poured forth his 
soul in voluminous tomes, in the Opus 
Majus, Opus Minus, and Opus Tertium. 
in which he reviewed the whole field of 
knowledge, physical, moral, intellectual, 
and theological. The writings were in effect 
a magnificent plea for the intellectual 
emancipation of the nations, for freedom 
from the false and foolish teachings of 
prelate and scholiast. ° 

How much of his writings actually 
reached the hand of Clement we do not 
know, for the whole could not have been 
completed before the Pope was seized with 
his last illness. Clement died in 126S, 
after reigning only three years, and Bacon 
was left to the mercy of his enemies. From 
the comparative freedom to which the 
protection of Clement IV. had restored 
him, he was cast again into captivity, being 
indicted for sorcery and heresy. He seems 
to have regained his liberty in 1292, and to 
have died at Oxford in 1294, but there is 
no reliable guide to the actual year. 
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The cloud of suspicion under which the 
great inventor-thinker lay made his writings 
for long comparatively a closed book, but 
little by little his teachings came to light, 
to bear abundant fruit. Modgm scientfic 
inquiry begins with him; and though he 
could not penetrate the mists which hid 
the absurdities of alchemy and astrology, 
to his labours in these fields may well be 
applied the saying of Francis Bacon : “ The 
pursuit of alchymy is at an end. Yet surely 
to alchymy this light is due — that it may 
be compared to the husbandman whereof 
THsop makes the fable, that when he died, 
told his sons that he had left unto them a 
great mass of gold buried underground in 
his vineyard, but did not remember the 
particular spot where it was hidden ; who 
when they had with spades turned up all the 
vineyard, gold indeed they found none ; but 
by reason of their stirring and digging the 
mould about the roots of their vines, they 
had a great vintage the year following : so 
the painful search and stir of alchymysts for 
gold hath brought to light a great number of 
good and fruitful experiments as well for the 
disclosing of nature as the use of man’s life.” 

JOHN BAILEY 

The Benefactor of Every Ploughman 

John Bailey, born at Blades Fields, near 
Bowes, Yorkshire, in 1750, was the inventor 
of the modern plough. When the nine- 
teenth century dawned, the ploughs in use 
in many parts of Europe were as primitive 
as those which had been employed by the 
ancient Egyptians and Greeks. They con- 
sisted simply of the trunk of a tree from 
which the pointed ends of two branches 
projected at acute angles, one forming the 
ploughshare, the other the handle by which 
the man behind it guided and pressed down 
the share. The team consisted of men, and 
afterwards of cattle or horses. Some of 
our British ploughs could not be worked 
save by the labour of eight oxen. Bailey 
was by instinct an artist, with a leaning 
towards mathematics. He first acted as 
tutor to the children of a prosperous uncle, 
and then, after a spell as land surveyor and 
teacher of mathematics, settled down as 
land agent to Lord Tankerville at Chilling- 
ham. Here, in addition to effecting some 
admirable engravings for publication, he 
devoted considerable attention to miner-, 
alogy, chemistry, hydraulics, and pneu- 
matics, and in 1795 published an essay on 
the construction of the plough, in which he 
demonstrated, by mathematical calculations, 
the advantages of the implement which he 
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proposed. The ploughs of many modern 
makers each possess their distinctive 
features adapted to varying conditions, but 
that invented by John Bailey, the Yorkshire 
artist - engraver - mathematician - surveyor, 
was the first rational plough ever designed. 
He died on June 4, 1819. 

HOWARD T. BARNES 

Making the Iceberg Speak 

Professor Howard T. Barnes, one of the 
brilliant school of younger scientists which 
the Dominion is evolving, was born at 
Woburn, Massachusetts, on July 21, 1873, 
educated at Montreal Academy and McGill 
University, and in 1900 w r on the coveted 
Joule studentship. In the course of a 
strenuous scientific career, which has gained 
him his degree as doctor of science and 
Fellowship of the Royal Society, he has 
made valuable contributions to the common 


stock of knowledge as to specific heats, 
ice formation, radio-activity, and refined 
electrical measurements. So far as can 
be estimated, his chief claim to fame 
as an inventor is to rest upon the 
micro-thermometer which he has perfected. 
This instrument, in view of the loss of the 
" Titanic/* possesses a special interest 
for both the Old World and the New, 
for it is primarily intended for the de- 
tection of ice at sea. 

After twenty years' study. Mr. Barnes 
came to the conclusion that careful navi- 
gators are in the right when they say that 
the temperature of the ocean, as read by 
the ordinary ship's thermometer dipped 
into a bueketof water drawn from the sea, is 
of no value as a guide to the proximity of ice. 
His own experiences w ire supported, by the 


experimental investigations of Dr. Otto 
Petterson, who has discovered three import- 
ant laws as to the behaviour of ice melting 
in salt prater. Such ice produces three 
currents, which may be explained as 
follow^ : (1) When the ice melts it cools the 
salt water, which sinks by convection ; (2) 
a stream of warmer salt water moves in 
towards the ice, giving rise to a horizontal 
current ; (3) the melted ice consists of 

fresh water, which does not mix with the salt 
water, on account of the difference of 
density. This fresh water rises around the 
ice and spreads out over the surface. The 
ice becomes surrounded by a layer of fresher 
water, which tends to remain on the surface. 
As the ice moves, the fresh water moves with 
it. Waves do not mix it with the salt water, 
but leave it practically unaffected. 

For the purpose of his own work, Mr. 
Barnes constructed a highly sensitive 


electrical resistance thermometer, which, 
when placed in water, not only measures 
changes of temperature so minute as a 
thousandth of a degree, but registers those 
changes on a chart contained in the officers' 
room of the ship. The thermometer was 
first applied to the St. Lawrence, with the 
interesting result that the waters of that 
river during the winter are shown " not 
to vary more than a minute fraction of a 
degree from the freezing-point." The small 
variations that have been observed and 
measured are the result of heat exchanges 
when ice is present, and they accompany 
the formation or disintegration of ice. 

" The delicate poising of the forces of 
Nature," says the inventor, " are here 
wonderfully illustrated. A few thousandths 
of a degree on either side of the freezing- 
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point of the river water may produce im- 
mense physical effects. Thus the character 
of a river may be changed in a single night, 
or the wheels of the largest hydro-electric 
station completely stopped by a drop of a 
few thousandths of a degree. As a result 
of this knowledge, it is now possible to apply 
artificial heat round the wheels and gates, 
and completely prevent any trouble from the 
sticking of ice needles drawn in by water. 11 

Experiments with the micro-thermo- 
meter at sea as a berg-detector produced 
results of a surprising character. What the 
inventor calls the iceberg-effect first mani- 
fests itself in a rise of temperature, followed 
by a slight fall. The decline is not as great 
‘ as would be expected, and would probably 
be so inconspicuous on the ordinary ther- 
mometer as to pass unnoticed, but on the 
micro-thermometer it is clearly shown. The 
rise in temperature experienced when an 
iceberg is first detected Mr. Barnes explains 
as follows : " It is evident that the iceberg 
effect is caused by the fresh water, observed 
by l’cttcrson in his tank experiments, dilut- 
ing the sea water, and creating a blanket of 
lighter water in which the sun's heat is ab- 
sorbed. The warming of the open sea is offset 
by the vertical circulation, but in the fresher 
and lighter water this is impossible, and the 
warmer water remains on the surface." 

The approach to land, however, is 
marked by a decided fall in temperature, 
due, the inventor explains, to the land 
turning up the colder undercurrents of the 
sea. The same effect is produced by shoals, 
of which the micro- thermometer, trailing 
in the water, records its warning upon the 
chart whereon it writes its messages. Among 
other trips, the micro-thermometer was tried 
all the way from Canada to England and 
back again, and gave notice as to ice in- 
fallibly. Moreover, it recorded the presence 
of a submarine hot spring when passing 
over the great wall of the continental shelf, 
about 400 miles west of the Irish coast. At 
this point the temperature rose ii deg., and 
then returned to the normal as the ship 
passed on. 

His final conclusions as to iceberg effects 
in the ocean lead Mr. Barnes to an interest- 
ing statement, based on the strange rise of 
temperature recorded, even at a distance 
of twelve miles, by the micro-thermometer : 
“ No better example could be had of 
Nature's wise provision for the elimination 
of obstructions detrimental to her purposes 
than in the warming of the sea water by the 
action of the melting iceberg. In this wav 
a berg by its own action, becomes sur- 


rounded by a zone of warmer water, which 
rapidly attacks it and causes it swiftly to 
disappear." Professor Barnes, who lec- 
tured on the subject at the Royal Institu- 
tion in London in May of 1912, has since 
presented an exhaustive report on the 
matter to the Canadian Government. 

FRITZ BERNHARD BEHR 
The Pioneer of a New Travel Age 

Fritz Bernhard Behr, the pioneer in 
England of the mono-rail, has been a 
naturalised Englishman since 1876, but he 
was born in Berlin on October 9, 1842, the 
son of a noted scholar. Educated in Paris, 
he afterwards became a pupil of Mr. Went- 
worth Shields and of Sir John Fowler, and 
gained practical experience in railway con- 
struction on many great British and Conti- 
nental undertakings. Before he was thirty 
he was recalled to the Fatherland to take 
part in the Fran co-Prussian War, was 
decorated for military services, and, at the 
close of the war, was given administrative 
control of part of the conquered territory. 
Released from military duty, he turned 
from the governance of captured provinces 
to the peaceful arts of the engineer, returned 
to England, and made himself as English as 
legal formality and his natural sympathies 
could render him. 

Thoroughly versed in the old art of rail- 
way building, he sought to better the plaiz 
of his mentors, and devoted himself almost 
exclusively to the development of the 
mono-rail. This is a railway in which the 
train runs upon one line. That is to say, the 
weight of the train is borne upon a single 
line, while little guide-lines, one on each 
side, prevent swaying or oscillation, especi- 
ally at curves. But these are only a 
concession to the conceivable timidity of 
passengers, and are not a necessity. 

The principle of the mono-rail is simple. 
The rail is raised above the bed, being 
carried on the summit of A-shaped trestles, 
the legs of which are securely bolted to the 
sleepers. The train sits astride the line, as 
it were. The car is divided by a longitudinal 
gap, so that the sides of the carriage hang 
down, half on one side, half on the other side 
of the line. The flanged wheels which carry 
and drive the car are mounted at the top of 
the gap. The centre of gravity is below the 
rail, hence the car cannot overturn, even 
when rounding the sharp curves which it is 
able to negotiate. The principle, in primitive 
form, has already been employed in Algeria 
with mules as motive power. Mr. Behr, 
however, after a le lgthy exhibition of a 
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steam model of his train on the site of what 
is now the Westminster Roman Catholic 
Cathedral, established a full-size railway in 
Kerry to connect Listowel and Bally- 
bunnion, where since . 1888 it has worked 
quite satisfactorily. 

He exhibited with great success, though 
at an initial cost to himself of £40,000, a 
high-speed railway of the type at the Berlin 
Exhibition of 1897. This train ran at a 
speed of ninety miles an hour. Since then 
he has diligently worked at the scheme for 
a similar railway, but on a larger scale, 
between Manchester and Liverpool. By 
Acts of Parliament of 1901 and the suceed- 


interested in the education of deaf-mutes, 
and young Bell followed them. Having 
completed his education, he went with his 
father to Canada in 1870, made himself 
master of his subject, and passed on to the 
United States, where he was appointed 
Professor of Vocal Physiology at Boston 
University. Six years later he exhibited an 
electrical invention by the aid of which he 
sought to make speech visible. That instru- 
ment was the beginning of the telephone. 
It was designed not indeed to enable the 
deaf to hear, but to see speech. The actual 
words themselves did not, of course, become 
visible. Speech caused a delicate metal 
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ing year he is authorised to institute a 
mono-rail system connecting these two 
great cities by a service of electric trains 
which are expected to run at speeds up to 
120 miles an hour. Each train is to consist 
of one car, but these are to run every ten 
minutes, and do their own signalling. 

ALEXANDER GRAHAM BELL 
Carrying Speech Across the Earth 

Alexander Graham Bell, inventor of the 
telephone, was born in Edinburgh on 
March 3,_ 1847, and educated at the univer- 
sity there ana at London University. Both 
his father and grandfather had been keenly 


reed to vibrate and to transmit an electric 
current to the opposite end of a wire, where 
the vibrations of the first reed were repro- 
duced by a corresponding reed placed near 
a second magnet. The process is fully 
described on page 704 of this work. 

While he was experimenting in this direc- 
tion he discovered that he had approached 
the solution of a problem far mightier than 
he had contemplated. Instead of serving 
the deaf only, he had within his grasp the 
potentialities of a scheme which could serve 
all mankind. For the machine, by modifi- 
cation and refinement, was made to transmit 
nqt merely the vibrations of the reed ; it 
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carried sound, resolved it into waves, 
transmitted them in that form, rebuilt 
them at the other end of the wire into sound 
— the tones of the voice which had uttered 
the sound. 

It is one of the great romances of science 
that, upon the very day that Graham Bell 
entered his invention at the United States 
Patent Office, another man, Elisha Gray, 
also patented a telephone. The world had 
waited from the beginning of time for such 
a contrivance, and now two men arrived 
almost simultaneously, each to claim pro- 
tection for his design. Gray patented his on 
the morning of February 14, 1876 ; Bell 
followed a few hours later the same day. 
But from the Scotsman’s contrivance, with 
various improvements and modifications, 
the modern telephone has arisen. 

Thus the telephone, which is now an in- 
dispensable adjunct to the daily life of the 
entire civilised world, is but thirty-seven 
years old, and results from the benevolent 
attempt of an inspired brain to put the few 
deaf in communication with the rest of 
humanity. The long line of experience, 
ending in one half of a continent being put 
into instant communication with the other 
half, began with tests made by the first 
instrument upon a dead man’s car ! The 
rest of the amazing story will be found at 
the page indicated. 

It remains only to be added that Mr. Bell 
has followed up his master-invention with 
ingenious contrivances for the transmission 
of sound by variations in a beam of light, and 
for the improvement of the talking-machine, 
and the induction balance. He has con- 
tributed ungrudingly to the scientific litera- 
ture of the period, and remains a foremost 
authority on the treatment of the deaf and 
dumb, and on the mechanism of speech. 

HENRY BELL 
Father of Steam Navigation 

Henry Bell, the son of a wheelwright, was 
born at Torphichcn Mill, near Linlithgow, 
on April 7, 1767. He received the cus- 
tomary education of the parish school, 
and, after escaping apprenticeship to the 
calling of a mason, was allowed to follow 
the trade of his father. He gained ex- 
perience in the service of several firms, both 
as shipwright and engineer. The idea of 
jteam navigation was occupying many minds 
at the time, and it is said that Bell assisted 
in building the little steamship constructed 
for Symington which, launched in 1802, 
was allowed to rot upon the river bank 
because the wiseacres of the period declared 
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that its wash would destroy the banks of 
the Forth and Clyde Canal. But Bell was 
in 1800 already experimenting with an 
engine placed in a small vessel, and in that 
year, and again in 1803, he approached the 
Admiralty with a view to gaining their 
support. Needless to say he was unsuccess- 
ful, although it is stated that his second 
appeal was backed by Nelson, who was 
reported to be in favour of the project. 

Bell went on unaided, undeterred by the 
strictures of the usually far-seeing Sir 
Joseph Banks, who said of steam naviga- 
tion, “ A very pretty plan, but there is just 
one point overlooked — that the steam-engine 
requires a firm basis on which to work.” 
Happily, Bell believed in himself and his 
theories, and in 1812 his famous little 
vessel the “ Comet ” was launched, a 
thirty-ton vessel, driven by a three-horse- 
power engine, which Bell himself had 
made. She began at once to ply between 
Greenock and Glasgow, the fares being three 
shillings and four shillings, according to 
class, and the speed miles per hour. She 
ran for eight years, and was then wrecked. 

The “ Comet ” was not the first steamship 
in Great Britain, but she was the first prac- 
tical vessel, and the first to run regular pas- 
sages. Steam navigation on a large scale 
became possible, indeed inevitable, the day 
that she landed her first consignment of 
passengers and cargo at Greenock. Bell 
reaped small direct reward from his enter- 
prise, but as he advanced in years the Clyde 
Trustees awarded him at first a £50, then a 
£100 pension, while the citizens of Glasgow, 
having ceased to regard his vessel, which 
ran against wind and tide, as an invention 
of the evil one, raised a sum of money for 
his benefit by public subscription. Bell, 
who also brought about an important im- 
provement in the calico-printing process, 
died at Helensburgh on November 14, 1830, 
and today is commemorated by a memorial 
on the banks of the Clyde. 

EMILE BERLINER 
How He Made the Gramophone Possible 

Emile Berliner, the inventor of the gramo- 
phone and in part of the modern telephone, 
was born in Hanover, Germany, on May 20, 
1851. He was brought up in the Jewish 
faith, but at the present time he holds to no 
creed, and devotes himself to the service 
of humanity. In America he is one of the 
leaders of the public health campaign, 
which is effecting much improvement in the 
bodily welfare of the people. Dr. Berliner 
settled in the United States in 1870, and, 
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after a long and bitter struggle, he was, at the 
the age of twenty-six, only an overworked 
and broken-down salesman at Washington. 
Not content with his daily round of toil, he 
gave up his nights to the study of science, 
being especially interested in electricity. 
In order to unite practical experience and 
theoretie investigations, he learned tele- 
graphy. One evening he was trying the key 
in a fire-alarm station in Washington, when 
the skilled operator told him to strike harder, 
explaining that by using more pressure the 
current was made intenser, and the sending 
distance was increased. 

The operator was unable to account for 
this curious fact. He was one of those 
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telephony possible— was finished, and so, 
almost, was the young inventor. The strain 
of working as a salesman by day and as a 
scientific investigator at night was too heavy. 
Dr. Berliner had just strength enough to 
win his first victory in science ; then he was 
utterly overcome by nervous prostration. 

Happily, the new transmitter was 
acquired by the newly organised Bell 
Telephone Company, and in about a year 
the young inventor was lifted above 
poverty and uncongenial toil, and able to 
devote himself entirely to the scientific 
work in which he delighted. In 1878 he 
further improved the telephone by using 
an induction coil in the transmitter. Then 


s 



£00 practical men who are content to 
know that a thing is so. But the young 
salesman was interested in the theory of 
the matter. He had sat up at night 
studying the problem that baffled the 
inventors of the telephone — the problem of 
getting a clear reproduction of the voice. 
He now saw in a flash that differences in 
pressure could be made use of in a new 
kind of transmitter. Instead of the iron 
membrane and magnet employed by Dr. 
Bell — that transmitted very feeble sounds — 
he constructed a microphone 'transmitter 
which reproduced much louder effects. In 
1877 Ws invention — that made practical 


his interest in the electrical side of voice- 
reproduction was somewhat diminished by a 
growing attraction to the mechanical aspec f 
of the problem. 

He wanted to do for the talking-machine 
what he had done for the telephone. Being 
a man with a logical, analytic mind, he has 
never struck out a great original idea : he 
requires something concrete to work upon, 
something invented by men with a more 
constructive imagination. He then brings 
hit talent for laborious analysis to bear 
upon the problem, and, after finding out 
what is the defect of the original invention, 
he thinks out a logical scheme of research, 
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directed to a definite end, before lie begins 
his experiments. 

In the case of the early talking-machines, 
he came to the conclusion that the method 
of recording sound-waves by the varying 
depths in a groove of wax was defective. 
Sounds were represented by innumerable 
hills and valleys at the bottom of tiny 
ravines in the waxen disc. The greater the 
depth of one of the valleys, the greater the 
resistance that the wax offered to the 
stylus. So the record could not be exact. 
And when the sounds were reproduced by 
sending another stylus jolting down the 
ravines, and communicating its vibrations to 
a membrane, there was often a tendency for 
‘ .the stylus to jump from one hill to another, 
and neglect the valleys. Such, at least, 
were Dr. Berliner’s views. 

Remarkably simple was the means by 
which he overcame these defects. He kept 
the stylus steady by making it run along a 
level groove in the wax. It was in the sides 
of the groove, and not on the bottom, that 
the sound-waves cut out minute caves and 
headlands. The sideways action or motion 
of the stylus is the original principle of the 
gramophone, invented by Dr. Berliner in 
1887. By keeping the groove at a constant 
depth, the use of an expensive mechanical 
screw to guide the stylus is avoided, for 
the level groove acts as an admirable guide. 
Thus the mechanism of the new talking- 
machine is simplified, and at the same time 
a higher accuracy of reproduction isobtained. 

Dr. Berliner is not a man of many inven- 
tions ; he gets his results by hard work and 
hard thinking, and lie aims at immediately 
practical results. He eyes the prize before 
he enters the race. His last invention of 
importance was an air-cooled engine with 
revolving cylinders, which he designed in 
1907 for use in flying-machines. Having 
by careful living and diet nursed himself 
back to robust health after the nervous 
breakdown of his early manhood, Dr. 
Berliner has grown deeply interested in all 
matters of national health. For the last 
twelve years he has conducted in 
Washington a campaign against unclean 
methods of handling the general milk 
supply. The Milk Conference that met in 
Washington in 1907 was planned by him. 
He feels certain that progress in science 
and sanitation will at last free the younger 
generations from the widespread hazard of 
early death, and, by his philanthropic and 
educational labours, he is doing an import- 
ant share in the noble task of saving man- 
kind from preventable disease and disaster. 
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SIR HENRY BESSEMER 
The New Era in Steel 

Sir Henry Bessemer, the great steel-maker, 
was born at Charlton, near Hitchin, Hert- 
fordshire, on January 19, 1813, and, like 
many other notable contributors to the 
welfareof the British nation, was of Huguenot 
descent. The son of a genius whose talent 
profitably expressed itself in die-sinking and 
type-founding, young Bessemer practically 
lived for a time in the workshops which his 
father had set up in the Hertfordshire 
village. Reaching London at the age of 
seventeen, with a brain teeming with original 
ideas, he evolved invention after invention, 
all more or less profitable. Thus he origi- 
nated the first practical electro-plating 
plant ; devised new and improved methods 
of embossing metals and other materials, and 
then made the nation a present of £100,000 
a year. There was a touch of tragedy in 
this, though the issue was fortunate. 

The Revenue authorities were losing this 
sum through the frauds of many persons in 
re-using deed-stamps. Bessemer devised 
perforated dies, by the use of which every 
stamp could be dated. This killed the dis- 
honest practice in question, and saved the 
Government nearly two thousand pounds a 
week. Bessemer was to have been rewarded 
with a lucrative post, but Governments, like 
individuals, sometimes forget their obliga- 
tions, and he never made a penny out of his 
invention, though a knighthood which came 
forty years later was regarded as a sort of 
conscience money paid by the Government. 

But Bessemer would have been the first 
to admit, as a consequence of this adventure, 
that there is a divinity which shapes our 
ends. Had he obtained the promised ap- 
pointment he might have settled down to 
comfortable inertia, and the world would 
have waited in vain for its Bessemer steel. 
Better and cheaper steel would inevitably 
have come, but not when it did ; and to- 
day we should have been short of thousands 
of miles of railway track, of bridges, and 
other engineering undertakings. 

We could not have had the new steel 
without another 1 happy accident. Bessemer 
hit upon a secret process for manufacturing 
bronze powder and gold paint, which then 
sold at £5 10s. per pound to printers and 
decorators. These powders were produced 
by hand at heavy cost in labour. Bessemer 
invented a machine which did the work 
more expeditiously and better. He was able 
to put it on the market at once at £4 per 
pound, and he kept the secret to himself for a 
generation, at the end of which time he was 
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selling at one-sixteenth of the price at 
which he had started. But for the bronze 
and gold powders he could never have 
obtained the capital necessary for his 
venture into the world of steel. 

He was tempted into this field by the 
same events which attracted the attention 
of Lord Armstrong. The British army in the 
Crimea was furnished with utterly in- 
adequate artillery. Bessemer set to work to 
rifle, not the cannon, but the projectile, but 
found that the metal of the existing guns 
was not strong enough to withstand the 
strain imposed. He at once began to seek 
a better material. Beyond experience with 
alloys in relation to other metals he knew 
nothing of the subject, but the knowledge 
he did possess induced him to attempt the 
fusion of cast iron with steel. He succeeded 
in getting his new metal, but it wholly lacked 
the properties desired. 

While experimenting, he chanced to 
discover, when melting grey pig-iron in a 
certain type of furnace, that some fragments 
of the iron, which had been exposed to the 
air-blast, lay on one side, clear of the fire, 
and remained solid, in spite of the intense 
heat. At the end of a further half-hour, he 
found them in the same position. Taking 
an iron bar with the intention of pushing 
them into the fire, he found that they were 
merely the shells of decarbonised iron. 
The carbon had been burnt out by the blast ; 
atmospheric air alone was capable of con- 
verting molten cast-iron into malleable iron. 
He at once turned this accidental discovery 
to account by devising a furnace through 
which, when charged with molten pig-iron, 
air or steam under pressure could be blown. 

After a succession of experiments he 
announced his success at a meeting of the 
British Association in 1856, when he read 
a paper on his process. This created a 
sensation in the scientific world, and iron- 
masters flocked to secure licences to carry 
out his process. But the methods employed 
were not perfect ; the licencees gave up the 
task in disgust, and for a time Bessemer 
and his process were under a cloud. Two 
years he laboured in correcting the faults 
which had manifested themselves in the 
process, and succeeded in eliminating its 
weak points. But now manufacturers, 
never enthusiastic over the invasion of their 
market by a man who had much steel, and 
cheap, to offer in place of little, and costly, 
refused to touch his wares. In self-defence 
he was compelled to set up on his own 
account as-a. steel merchant. 

The first evidence of his success was con- 


veyed to his rivals by the information that 
he was putting on the market high-grade 
steel at £20 per ton less than theirs. The 
Bessemer works at Sheffield were established 
in 1859, and within five years the process 
was in use throughout the steel-making 
countries of the world. From his works 
issued, in vast numbers, guns, boilers, steel 
plates, rails, girders, crank-shafts, weldless 
tyres. His invention was quickly proving 
as important to the users of steel as Ark- 
wright’s had been to the manufacturers of 
cotton. He accumulated a great fortune. 
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was the recipient of many titular distinc- 
tions, and to the last retained his inventive 
faculties unimpaired. 

He effected improvements in the manu- 
facture of glass and the polishing of lenses ; 
and his plant for the cutting and polishing 
of diamonds, if it did not excel those 
installed at Amsterdam, was a very efficient 
piece of mechanism. Sir Henry Bessemer 
died at Denmark Hill on March 15, 1898, 
leaving his record on the patent rolls of the 
country in the form of nearly six-score 
inventions, and a generation incalculably 
enriched by the chief work of his life — 
cheap, high-grade steel. 

MATTHEW BOULTON 
A Pioneer of the Steam Engine 

Matthew Boulton was born at Birming- 
ham on September 3, 1728, and long before 
his memorable partnership with Watt had 
achieved fame and fortune as an engineer 
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and inventor. His father, a silver stamper 
and piercer, admitted the boy, after a 
grammar school education, into his works at 
Birmingham. The energy and inventive 
faculties of the youth helped considerably 
to extend the business, which was thriving 
exceedingly when, at the death of his father, 
in 1759, he himself became proprietor. He 
invented and perfected a method of making 
inlaid steel buckles, buttons, watch-chains, 
etc., and was not a little amused, on export- 
ing these in large quantities to the Continent, 
to see them reintroduced into England as 
" the offspring of French ingenuity.*' 

The old works at Snow Hill proving 
inadequate, Boulton, who had married a 
• lady with a considerable fortune, removed 
to Soho, then a barren heath, two miles to 
the north of Birmingham. Here works were 
established which were destined to become 
famous throughout Europe. 

He invented methods for the reproduction 
of works of art in metal, and, in order to 
raise the standard of work which had made 
" Brummagem " a byword, copied classic 
examples in the possession of the Royal 
Family and the great connoisseurs of the 
period, and sent liis agents to scour Europe 
for prints and drawings which he might 
reproduce in metal. His patrons soon in- 
cluded the most distinguished people in the 
land, and the King and Queen would be 
closeted for hours at a time with him, pur- 
chasing his wares and discussing his plans. 

The most skilled workmen in Europe 
made their way to Soho, and it became 
one of the great show-places of the country, 
to which all foreigners of leisure went as a 
matter of course. His own house built there 
was more like an hotel than a private 
dwelling, for its hospitality was extended 
unceasingly to the notable people of other 
lands, and to artists, inventors, scientists, 
and philosophers of our own. 

A model master, he refused to accept the 
sons of the wealthy as apprentices, even 
though heavy premiums were offered, pre- 
ferring to receive poor, bright boys whom 
he could train up in his own way to take 
their place among the foremost craftsmen 
of Europe. But his vases and statues, his 
astronomical clocks and telescopes, his 
inventions for the betterment of coin- 
making, which led to his carrying out the 
manufacture of an entire new copper 
coinage, and the making of machinery for 
the Mint, while profitable and excellent, 
were of small importance in comparison with 
his work in relation to the steam-engine. 

He was first brought in touch with Watt 
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through his desire to introduce steam-power 
into the Soho Works. James Watt had at 
this time as partner Dr. Roebuck, who, 
in 1772, owed Boulton £1200, and, failing 
to meet his liability, assigned to him his 
share in the patent of the steam-engine at 
which Watt was working. Long before he 
met Watt, Boulton had been experimenting 
with a steam-engine of his own, to enable 
him to pump water into a reservoir from 
which to generate power and preserve him 
against the day of drought. He sent a 
model of this engine to Benjamin Franklin, 
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who was then in London, and to Erasmus 
Darwin, and both were highly interested 
in it. The American was so confident of 
its success that he wrote showing Boulton 
how to ensure smoke consumption, so 
effecting greater fuel economy, and at the 
same time preventing the boilers from 
being sooted up. That was in 1766, but 
manufacturers have not even yet learned 
the lesson Franklin sought to inculcate, or 
our northern towns would not be such 
grimy infernos as many of them are today. 

Watt and Boulton met two or three 
times at Soho before their partnership, 
and were mutually attracted. Boulton, 
after these meetings, ceased experiments 
with his own model, for, as he wrote, if 
he went on he would be bound to incor- 
orate in his work the knowledge which he 
ad gained from Watt, a course impossible 
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to his chivalrous nature. The partnership 
between the two men was most happy. 
Watt's fortunes at the time were in great 
disorder ; he was prepared to immerse 
himself in the duties of a surveyor or 
engineer in England or to go abroad, as so 
many of his countrymen were doing. It 
is probable that but for Boulton we should 
never have had the steam-engine of Watt. 
When Roebuck's creditors released that 
unfortunate man’s two-thirds share in the 
engine patent to Boulton, they did not 
value it at one farthing. 

The history of the eighteen years of 
stress, anxiety, toil, and vexation which 
followed upon the association of the two 
men is well known. The master-mind in 
the invention was, of course, Watt’s, but 
Boulton was a man of fruitful genius, from 
whom a multitude of useful suggestions 
issued. His was the brave heart that 
supported Watt through all his difficulties, 
illness, fretfulness, and dejection. He raised 
the money for the enterprise, and brought 
himself within hailing distance of ruin for 
the faith that he had in his partner and in 
his work. There is no finer chapter in the 
history of British industry than that which 
tells the part played by Matthew Boulton 
in the development of the steam-engine. 

At last success came, abundant, brilliant 
success. The engine began to pay for 
itself in 1768, but years elapsed before 
Boulton reaped sufficiently substantial ad- 
vantage from the invention to clear himself 
of his grave liabilities. Boulton was an 
excellent judge of character, and he it was 
who discovered William Murdock, the 
inventor of coal-gas. Boulton, who held 
a commanding position in the scientific 
life of the nation, and numbered many 
great thinkers and inventors among his 
personal friends, died at his Soho residence 
on August 18, 1809, leaving a world-famous 
firm to be carried on by his son and the son 
of his illustrious partner. 

LOUIS BRAILLE 
Helping the Blind to Read 

Louis Braille, the improver of printing for 
the blind, was born at Coupvray, near 
Paris, in January, 1809, and when three 
years of age lost his sight as the result of an 
accident. He was sent to a school for the 
blind in Paris, where a method of teaching 
the sightless to read had already been 
adopted. This beneficent work had its rise in 
Paris, where, in 1784, Valentin Haiiy first 
printed "raised, letters for the blind, and 
founded the schOo^ to which Braille was 


sent. The Haiiy system consisted of ordi- 
nary italics, the written form of Roman 
letters. Successful attempts were made in 
Great Britain to improve upon the pioneer 
system, and Gall’s letters in relief were 
adopted in many other lands. Other 
methods arose, and the art of teaching the 
blind to read had become widespread when 
Braille first appeared at school. 

He proved a brilliant pupil, and after 
completing his course was appointed a 
professor at his school, when only seventeen 
years of age. Now, Braille was the first to 
tell the world that all the systems of printing 
for the blind then in vogue were unsatis- 
factory from the standpoint of the person 
restricted to their use. Men gifted with 
sight had designed the letters for the blind, 
and, seeing the letters before them, had not 
realised the difficulties of those to whom 
the finger-ends must serve as eyes. They 
had not properly considered this question of 
touch, by which the blind read. The lettei 
presenting simply a long, smooth outline in 
relief to the fingers is unsatisfactory. 

Braille, who had studied every system 
in existence, probably drew his inspiration 
from Gall’s serrated type, in which the 
surface of the letters was made up of minute 
points, instead of an unbroken line. Even 
there, however, the attempt was made as 
closely as possible to follow the outline of 
the ordinary letter with which the sighted 
person is familiar. Moreover, by none of the 
known methods could a blind person write. 
Before he was twenty Braille published the 
rudiments of his own system. Another five 
years passed before he had perfected it. Not 
until two years after his death was it 
adopted for use in his old school, though 
unofficially it was highly approved. And 
yet it constitutes the greatest boon ever 
bestowed upon the blind. 

The Braille system departs from all 
attempt to follow the outline of the ordinary 
letter. Each letter is made up of six dots, 
and each constitutes an arbitrary outline. 
The dots arc arranged in two parallel 
columns. The heavy dots indicate the 
letter, and the remainder of the six dots 
are lightly indicated to establish the 
position and significance of the heavy dots. 
By varying the combinations of the dots, con- 
tractions of words and signs for punctuation 
are secured. The blind readily learn these 
letters, and read with striking facility. 
An even greater value attaches to the 
system, however, in that it may be written 
as well as printed. The writer is supplied 
with a frame fitted either with a grooved or 
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pitted bed. With a blunt awl he punches 
little dots upon the paper through minute 
holes in a sliding bar. He writes from left to 
right. The reader reverses the paper, finds 
the characters raised in relief on the back, 
and reads from right to left. 

Music can be written by this system 
without difficulty. Instrumental music is 
read with one hand, while the other is 
engaged upon the keys ; then the other hand 
is brought to the manuscript while the notes 
for the second hand are mastered, and the 
whole is committed to memory. For vocal 
music the singer has both hands free to 
read the notation, and the expert can sing 
what in a seeing person we should call “ at 
sight.” Braille's highly valuable work for 
blind humanity was crowded into com- 
paratively few years, for he died in Paris 
m 1852, when only forty-two. 

JOSEPH BRAMAH 
The MaKer of the Hydraulic Press 

Joseph Bramah, a self-taught inventor of 
many useful appliances, was born at Stain- 
borough, near Barnsley, on April 13, 1748, 
the eldest of the five children of a man who 
rented a tiny farm. After a short stay at 
the village school, he was put to work to 
follow the plough, but was incapacitated by 
a permanent injury to his right ankle. He 
had already shown considerable inventive 
talent. With rough and ready tools, 
fashioned from scrap iron for him by his 
friend the village blacksmith, he con- 
structed a plough of sorts. He also 
made fiddles. One of these was carved 
from a single block of wood, while another 
was sold for three guineas, and was still 
gaily responding to the bow over a hundred 
years later. 

Apprenticed to a carpenter, Bramah 
became expert in woodcraft, and turned 
his face towards London as a journeyman, 
but soon set up in a modest way for him- 
self. Lockmaking had become almost a 
lost art in England until one Barron took 
up the subject in 1774. Bramah set him- 
self to improve x,n Barron, and in due 
course produced a lock of extreme ingenuity, 
simplicity, and effectiveness. It was a 
striking piece of work to spring from the 
undisciplined brain of a villager, for the 
lock depends upon the doctrine of com- 
binations or multiplication of numbers into 
each other. A lock of five slides admits of 
3000 variations, while one of eight slides 
has no fewer than 1,935.360 changes. 
Bramah offered £zoo to anyone who 
could pick his lo.:k. In spite of many 
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attempts, the reward remained unclaimed 
until over forty years after the death of the 
inventor, when, in 1851* an American, after 
sixteen days' manipulation with a succes- 
sion of elaborate instruments, won the 
promised reward. Even so, the lock re- 
mains a strong defence against the thief. 

A more important invention, however, 
was the hydraulic press. In this Bramah 
was assisted, as to a vital particular, by his 
most brilliant workman, Henry Maudslay, 
who, setting up in business for himself in 
later years, had such men as Sir Joseph 
Whitworth and James Nasmyth among his 
pupils. Bramah’s hydraulic press marked 
an enormous stride in the creation ol 
hydrostatic plant. Though employed 
primarily as a packing-press, it was adapted 
to many uses. Robert Stephenson em- 
ployed it for hoisting the great tubes of the 
Britannia Bridge into their beds, and 
Brunei got the “ Great Eastern ” off her 
cradles by the like means. The same prin- 
ciple was employed, but in another form, for 
Bramah’s admirable tool-making machinery, 
which gave him the foremost place for 
accuracy and delicacy of finish. The same 
invention was adapted by him to the fire- 
engine. He made many improvements 
in steam-engine building, though he was 
hopelessly wrong and prejudiced against the 
invention of Watt# 

With his machine tools, and the gradual 
elimination of hand labour in his various 
processes, Bramah was far ahead of his 
times ; and it has been said of him that he 
not only anticipated, but carried out in his 
own works, the invention of a large number 
of the most important modern tools. He 
was regarded, when at the height of his 
powers, as the finest mechanician in 
England, and his inventive versatility 
seemed inexhaustible. For over a century 
his appliance for printing the number and 
dates of banknotes has been in use, saving 
the labour of 100 clerks, to say nothing of the 
greater accuracy and legibility attained. 
Bramah died, on December 9, 1814, from 
the effects of a chill caught in Holt Forest, 
Hants, where he was superintending the 
tearing up of 300 giant trees by his infallible 
hydraulic press. 

EDOUARD BRANLY 

First Steps Towards Wireless Telegraphy 

Professor Edouard Branly, the man 
of science who made wireless telegraphy 
possible, was born at Amiens on October 23, 
1846. He received his scientific education 
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at the Ecole Normale, in Paris, where, in 
1873, he won his degree of doctor of science 
by his researches on some problems in 
electrostatics. In 1882 he took a degree 
as a medical doctor, being afraid that he 
would not be able to live by teaching 
science. He had been a brilliant instructor 
in science, and he had, like many professors 
whom the public never hears of, made some 
fine contributions. A professorship at the 
Catholic Institute at Paris happily enabled 
him to give all his energy to scientific work. 

The discovery that has made him one of 
the best-known of living French men of 
science was made in 1890, and was quietly 
announced in a paper entitled " Variations 
of Electric Conductivity of Disconnected 
Substances under Diverse Electric In- 
fluences/* That does not sound very 
exciting. Indeed, for some time only two 
men in the world saw its high importance. 
They were Sir Oliver Lodge and a young 
student of electricity at Bologna, Guglielmo 
Marconi. The position was this. Heinrich 
Hertz had discovered the actual electric 
waves that Clerk Maxwell had w T orked out 
in theory. But Hertz could only detect 
the invisible waves, created by an electric 
spark, when they were fairly strong and 
produced only a few yards away. He used 
a metal ring with a gap in it, and between 
the two points o| the gap little sparks 
appeared. Hertz was able to measure the 
length of some of the wonderful waves by 
means of his broken ring, but there the 
matter stopped. From the point of view 
of pure science, his experiments in confirma- 
tion of the mathematical calculations 
were as amazing as the actual discovery 
of Neptune in accordance with the calcula- 
tions of another Cambridge mathematician, 
Adams. But, from a practical point of view, 
the knowledge of the existence of electric 
waves was apparently of no more actual 
benefit to the human race than was the 
knowledge of the existence of Neptune. 

Professor Branly took the first step to 
make the waves the servant of man by his 
discovery that a tube of metal filings 
became a conductor of an ordinary electric 
current whenever the filings were affected 
by an electric wave sent from a distance. 
By connecting the current from a local 
battery of the ordinary kind with the tube 
of filings, the electric waves were made to 
reveal their presence. When there were nQ 
electric waves, the filings allowed no current 
to pass from the battery. When the subtle 
electric radiatiomNwere influencing the 
filings, the current passed. 


Such was the famous coherer that first 
Sir Oliver Lodge, and then Mr. G. Marconi, 
adopted and improved. No doubt if 
Professor Branly had patented his dis- 
covery, and set to work at once on the 
commercial development of wireless* tele- 
graphy, he would have gained something 
like a monopoly and a fortune. But he 
quietly gave his coherer to the world, 
as he did his discovery of electrostatic 
phenomena in batteries, positive dis- 
charge of gases, violet rays, and incan- 
descent bodies. 

When Professor Branly became interested 
in the technical difficulties of wireless 
telegraphy, and left awhile his study of 
purely scentific problems, he brought out 
many inventions of importance. He has 
introduced, among other apparatus, new 
radio-conductors with tempered and polished 
steel contacts for electric-wave telegraphy, 
and new independent distributing devices 
for producing mechanical effects at a dis- 
tance without wires. About six years ago 
he constructed a safety apparatus, indepen- 
dent of all syntonisation, to prevent the 
action of accidental sparks in his mechanical 
effects at a distance. He has also done 
much towards solving the problem of main- 
taining secrecy of communication between 
transmitting and receiving stations. 

Still later, the inventor of the coherer 
excited general attention by his progress in 
the transmission of mechanical effects. He 
has shown that, without any possible inter- 
ference from electrical disturbances in the 
atmosphere, he can with his electric waves 
start and regulate machinery, fire big guns, 
explode mines, light the lamps in light- 
houses, and perform other actions at a great 
distance. He controls these mechanical 
devices over a range of some hundreds of 
miles, and it has been reported that he has 
experimented with a system of vision at a 
distance. This is the last and most difficult 
problem in the science of electrical 
transmission. 

Some measure of success has already been 
obtained by a Russian man of science by 
means of an arrangement of mirrors throw- 
ing reflections on to . a piece of selenium, 
which has the curious property of altering 
its resistance to the passage of an electric 
current, according to the amount of light or 
shadow it receives. If Professor Branly 
helps forward the science of tele-vision, as 
he did the science of electric-wave tele- 
graphy, the result will be marvellous. But 
the obstacles in.the way seem great. 
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AL CU 1N — FOUNDER OF UNIVERSITY EDU- 
CATION IN EUROPE 

BENJAMIN NICHOLAS APPERT— A CREA- 
TIVE PHILOSOPHER OF EDUCATION 
BERTHA AYRTON— THE FOREMOST 
ENGLISH WOMAN OF SCIENCE 
KOBERT BAKEWELL — INCREASING THE 
FOOD RESOURCES OF MANKIND 
ANDREW BELL— A FOUNDER OF DAY 
SCHOOLS 

EDWARD BELLAMY — A DREAMER OF 
SOCIAL RECONSTRUCTION 

ALCUIN 

Founder of University Education in Europe 

A lcuin, or, in English, Ealhwine, was 
the Englishman who had the widest in- 
fluence in the world in the days of Charle- 
magne. From Charlemagne sprang the 
university movement on the Continent, 
ami Alcuin was the educational inspirer of 
Charlemagne. When learning had almost 
perished on the Continent, under the wave 
of barbarism that swept away the Roman 
Empire, it found a sanctuary in the North 
of England, through monkish scholars who 
arrived by way of Ireland and the West 
| of Scotland, and in the middle of the 
eighth century York was the greatest 
educational centre in Christendom, and 
had the most valuable library. Here, in 
735, Alcuin was born. Educated in the 
cloister school, he became first one of its 
teachers, and, at the age of forty-three, 
its master, with a repute far beyond his 
native land. Indeed, he was known per- 
sonally abroad, for we have evidence that 
lie had visited Paris and met Charlemagne 
before, in 781, he journeyed on a mission 
to Rome. Returning, at Parma he again 
met Charlemagne, who was so delighted 
with his personality and aims that he 
invited the Englishman to come to his 
Court at Aix-la-Chapelle, and there estab- 
lish a palace school. Alcuin complied, and 
from that nucleus of patronised learning 
mediaeval education grew, with its great 
Universities of Paris, Tours, etc. 

Alcuin's motive was religious. In his 
own words, he wished “ so to teach children 
grammar and the doctrines of philosophy 
that, ascending the steps of wisdom, they 
may reach the summit, which is evangelical 
perfection." His ambition was to re- 
establish education as it existed in the days , 
of St. Augustine; and to this end, though* 
Jy s instincts were Conservative, and he 
had a distrust of the pld-world poetry, 
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GEORGE BIRKBECK— THE FOUNDER OF 
MECHANICS’ INSTITUTES 
SIR GILBERT BLANE— THE GREAT DOCTOR 
OF ARMIES AND NAVIES 
WILLIAM BOOTH— THE SCIENCE OF SOCIAL 
REGENERATION 

FREDERICK BOTTGER— FIRST MAKER OF 
PORCELAIN IN EUROPE 
ZEBULON REED BROCKWAY— AN ORIGINAL 
REFORMER OF CRIMINALS 
LUTHER BURBANK — THE WIZARD OF 
FLOWERS AND PLANTS 

he promoted learning on classical lines, 
taking the " seven liberals arts ” of 
grammar, rhetoric, logic, arithmetic, geo- 
metry, music, and astronomy as his curri- 
culum, thus following the example of the 
school he had left at York. 

Charlemagne himself, his four sons, and 
two daughters became pupils of the English 
teacher, and he helped Alcuin to spread 
the movement for education in and through 
the monasteries. Alcuin wished “ to make 
the library the armoury of the monk.” But 
presently lie tired of the roughness of the 
Frankish Court, whereupon Charlemagne, 
who continued to be his admiring friend, 
made him, in 796, abbot of the great 
monastery at Tours — a princely domain. 
Here Alcuin continued his educational 
work until Tours became the centre oi 
French culture and of influence in the 
Church, and had gathered a library that 
vied with that at York. At Tours, in 804, 
this energetic and captivating pioneer of 
education died. 

The special feature of the work of Alcuin 
was that he not only stimulated education 
in the religious houses, but extended it to 
the laity. The parish priests were encour- 
aged to teach ; the cathedral schools grew 
into a position that would now be described 
as secondary ; and the palace school was 
the forerunner of the university founda- 
tions. Though we look back now with 
wonder at the narrowness of the scholasti- 
cism of the mediaeval age, its establishment 
was a great advance on the rough and 
iconoclastic ignorance of the ruling class 
that preceded the liberal movement of 
Charlemagne ; and the change was largely 
due to Alcuin. 

A considerable amount of writing by 
Alcuin has been preserved, though some 
■ is of doubtful authenticity, and none of 
it is of a character to sustain a literary 
reputation. As Dr. Rhodes James has 
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said, “ It is the intellectual stimulus 
which ^ie imparted and the long line of 
scholars which owed to him its existence 
that form his true monument.” 

The one great Englishman who lived 
between Bede and Alfred may fairly be 
said to have founded the Continental 
education which survived when Danish 
barbarism had swept away the venerable 
culture of Yorkshire and Durham. 

BENJAMIN NICHOLAS APPERT 
The Creative Philosopher of Education in France 

Benjamin Nicholas Marie Appert was born 
in Paris on September io, 1797. With 
imagination and sympathy uncommon in 
his era, he early .realised the grievous 
handicap under which the uneducated poor 
laboured. It was after Napoleon had beaten 
Prussia prostrate that Fichte preached his 
crusade for national regeneration through 
the medium of education. It was after the 
eagles of France had been trodden in the dust 
at Waterloo that Appert, then only eighteen 
years of age, began his beneficent campaign 
for the intellectual uplifting of the prole- 
tariat of France. He invented a new scheme 
of mutual instruction, and persuaded the 
Government that her conscript soldiers 
would wield the sword not less ably if 
permitted in their leisure to master the 
mystery of the pen. Practically unaided, 
he succeeded in carrying his point, and was 
granted free admittance to the military 
schools. He had a national army for his 
pupils’; and in three years, or thereabouts, 
by the scheme of mutual instruction which 
he had evolved, he succeeded in educating 
100,000 French soldiers to read and write. 
The soldier of today is the citizen of yester- 
day and tomorrow. Appert ’s soldiers 
carried their reading and writing into the 
remotest corners of France, and a new era of 
learning had dawned for the land. 

The intellectual elevation of the French 
masses may be said to date from the efforts 
of this one creative philosopher. But he 
did not rest content with teaching soldiers 
their letters. He carried his lantern of 
learning into the gaols, holding that the 
fallen might be reclaimed by teaching. Here 
he fell foul of the authorities. He was 
accused, not without reason, of having been 
privy .to the escape of two prisoners. It was 
but a political offence with which they were 
charged, the equivalent of the absurd Use- 
majeste of our own time, and Appert would 
watch their flight with equanimity. In 
the result he himself was imprisoned. It was 
all for the good. John Howard, the English 
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prison reformer, had lain nine yeais in hi: 
grave when Appert was born ; the French 
man was inspired by personal experienci 
of the horrors of prison life to take up tin 
cause of the victim of the gaol system. T( 
this end, upon being liberated, he made ; 
tour of the principal Continental prison* 
and galleys, and wrote voluminously am 
with power upon his investigations. 

In his later years he became attached U 
the Court, and was able to carry out exten 
sive reforms for the benefit of the poor 
and wrote a history of such part of the rcigi 
of Louis Philippe as he had witnessed. H( 
died in the year 1847. 

HERTHA AYRTON 
The Foremost English Woman of Science 

. Hertha Ayrton, our foremost English 
woman in science, was born, of Jewisl 
parents, at Portsea, in a year which hei 
biographers fail to record. Left fatherless 
at an early age, she quitted school al 
sixteen to earn her own livelihood as r 
teacher, but later was enabled to entei 
Girton, at that time a relatively smal 
college, where she achieved high distinctior 
in mathematics. While there she invented 
an instrument called the sphygmograph 
which accurately registers the beats of tht 
pulse ; but finding, too late, that she had 
been in some measure anticipated, she 
abandoned this line of research, albeit, ir 
1912, a development from another hand 0] 
the same idea was received with con- 
siderable respect in the scientific world. 

On quitting Girton, Mrs. Ayrton returned 
to teaching, and in her spare time contrived 
an admirable machine, a line-divider 
which instantly divides a line into anj 
desired number of equal parts. Still anxiou* 
to extend her own studies, she enterec 
herself, in 1884, at the City and Guild* 
of London Technical College, Finsbury 
where that fine character Edward Nugenl 
Ayrton (1847-1908), after a romantic anc 
brilliant career in science, had been Pro 
fessor of Applied Physics from 1879. 

The young girl, who had just prcviouslj 
entered with avidity upon the study o: 
electricity, found in Ayrton the one mar 
calculated to fire her genius for research 
and he found in her the woman designed b3 
Nature, as it were, to be his helpmeet. 
Professor and pupil became man and wife, 
and the union was as happy in its results 
as that of the Curies. In 1893 Ayrton was 
due to deliver a lecture in Chicago before 
the Electrical Congress on the electric 
arc. by a strange fatality the paper was 



GROUP 5— FORERUNNERS OF KNOWLEDGE AND PROGRESS 


destroyed by fire. Mrs. Ayrton set to work 
to repair the damage, and succeeded in 
nreparing an abstract of the points which 
the original had contained. Then she took 
up the work at the point where he had 
left it, continued the experiments, and sent 
the reports of her results out to America 
to him by mail. In the end Mrs. Ayrton 
herself carried on investigations, and made 
the subject her own. 

Important results have followed. Mr. 
Duddell, F.R.S., has since discovered the 
musical arc, and applied it, with highly 
important effect, to wireless telegraphy. 
When he took out his patent he was still 
one of Ayrton's students at the Central 
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Technical College, but the way for pupil 
and professor had been prepared by the 
patient labours of the lady in the back- 
ground. The result of her experiments 
and a development of her theories was 
published in the technical Press, and after- 
wards in volume form, and her reputation 
as a scientific discoverer of a high order 
was forthwith established. She read papers 
at the British Association meetings of 1895 
‘and two subsequent years, and was elected 
t r»o?l.y woman member of the Institution 
British Electrical Engineers. The Royal 
Society awarded .her its Hughes Medal, but 
was advised thaf jt had not power to 
admit her to a Fellowship. 
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This latter distinction, however, was the 
outcome of another branch of Mre. Ayr- 
ton’s studies. While at Margate, nursing 
her husband, she was drawn to a con- 
sideration of the sand-ripples on the shore. 
The sight with .which every day-tripper 
is familiar had a new message for this 
remarkable woman, and she devoted her- 
self by observation and experiment to 
discovering how these ripples are caused. 
She created a miniature seashore of her 
own, a tank in which she could not only 
look down upon her sands, but examine 
them in profile. The purpose of her tests 
and the conclusions reached were em- 
bodied in a remarkable paper which has 
set many students to work. She explains 
her investigations in the following terms : 

“ Sand-ripples may seem at first a small 
matter, but any explanation involves all 
the principles underlying the motion of 
water and of bodies oscillating in the water. 
One's aim in research of this character is 
to find out what underlies certain pheno- 
mena, and I feci sure that in the end it 
will be of practical value in dealing with 
coast erosion or quicksands. At present 
our knowledge of the motion of water is 
slight. I make the suggestion that the 
Goodwin Sands are really large ripples. 
There is a narrow spit of land near the 
Goodwins, and it seems possible that if 
the configuration of the shore could be 
altered, and the trend of the water changed, 
the Goodwins might disappear.” 

Much work remains to be done in the 
field of inquiry which Mrs. Ayrton has 
thus opened up. The subject is one of 
importance, not only as to our coasts, but 
as to every navigable river. The town of 
Preston has sunk between two and three 
millions sterling on its docks, and the 
greater part has been expended over the 
perennial enemy, sand, which, carried in 
by high tides, silts up the channel. Mrs. 
Ayrton's work in regard to the electric 
arc, too, possesses high economic import- 
ance as well as scientific*intercst, for to 
her belongs the credit for discovering, by 
many refined and ingenious experiments 
how in powerful searchlights and other 
arcs the light may be confined to its proper 
function, and the carbons made to burn 
equally, without roaring or waste. 

ROBERT BAKEWELL 

Increasing the Food Resources of Mankind 

Robert Bakewell, the son of a Leicester- 
shire farmer, was born at Dishley, in 1725 
Few persons remember his name but he was 
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one of the truly great benefactors of man- 
kind. Brought up on his father’s farm of 440 
acres, he was the first man to see that the 
sheep, cattle, and working horses of the 
eighteenth century were useless for modern 
purposes. They were ill-kept, cruelly under- 
fed, and allowed to breed anyhow. Bake- 
well resolved to make stock-breeding and 
stock-keeping a science ; and for some time 
he travelled through the West of England 
and other parts of the country, visiting 
farms and closely studying the qualities of 
sheep and cattle and horses, and observing 
the various ways of feeding and tending 
them. He was also a quiet, alert student 
of the different systems of husbandry. 

At the age of thirty, he was able to put 
into practice the new and revolutionary 
ideas that he had slowly formed. His 
father grew too ill to look after the farm, 
and the management of it fell into his hands. 
Five years afterwards his father died, and 
he became the actual tenant of the lands. 
He aimed at providing the growing in- 
dustrial population with the rarest of all 
luxuries — good, fresh meat. Half-starved 
sheep, bred merely for wool, lean, over- 
worked oxen, and exhausted milch cows 
were not sufficient to maintain the strength 
of a people rapidly drifting from the active 
life of the open fields into industrial occupa- 
tions. Bake well tried to produce a new 
breed of sheep and oxen that would afford 
excellent, abundant, and cheap food. He 
made a collection of skeletons and preserved 
carcases of animals, and he studied them 
until he found where breeds differed in 
amount of flesh. He engaged in long feeding 
experiments, and invented new devices for 
the comfort and health of his animals. Many 
of the present humane ideas as to the treat- 
ment of animals were anticipated by him. 

By his science in the selection and mating 
of his flock, lie succeeded in producing the 
new Leicestershiie breed of slfecp, which 
quickly established itself throughout the 
temperate world, practically doubling the 
weight of meat on each animal. Bakewell 
also created a novel variety of cattle, known 
as the Dishley long-horns. They were 
curiously small, inclined to fatness, and of 
high value to graziers. Then, tinning to 
horses, lie obtained from his well-planned 
experiments a new breed of .black horses 
that were remarkably strong in harness on 
the farm and very useful in the Army. 

In order to bring off experiments in 
breeding that he could not himself afford, 
Bakewell used to let his rams out on hire, 
and after a few years he made several 


thousand pounds annually by this means. 
One remarkable ram, known as "Two- 
Pounder/' earned him as much as 1200 
guineas in a single year. In 1785 King 
George III. arranged for the famous stock- 
breeder to bring a splendid black horse he 
had created to St. James’s Palace for in- 
spection, and for some months it was 
exhibited in London. 

& Bakewell was a pioneer in every depart- 
ment of farming, as original in his methods 
of feeding and housing stock as he was in 
breeding new varieties. By irrigating his 
grasslands, he secured four crops of grass 
in a year. His farm was visited by 
persons of all ranks of society. There was 
no inn at hand, and Bakewell hospitably 
entertained all comers. He had a gospel 
to preach, and a gospel that has grown of 
greater importance with the development 
of the industrial populations of the world. 
His direct aim was to increase the food 
resources of mankind, but the methods of 
breeding which he worked out were an 
instrument for improving any desirable* 
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qualities in animals. Great as were the 
profits from, his experiments, the cost wa^ 
still greater, and he went bankrupt in 177!) 
He died on October 1, 1795, at the age ol 
seventy, and was buried at Dishley. 

ANDREW BELL 
A Founder of Day Schools 

Dr. Andrew Bell, the founder of “ the 
National Society for Promoting the Edu- 
cation of the Poor in the Principles of the 
Established Church throughout Englanc 
and Wales,” and one of the popularisers o' 
the monitorial system of teaching, was bon- 
at St. Andrews, March 27, 1753, and edu- 
cated at the university of his native city. 
After living seven years in Virginia as a 
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tutor. Bell was ordained, and went out to 
India as an Army chaplain. Soon he held 
simultaneously eight clerical appointments. 
One of the duties he took on himself was 
the organisation of the Military Orphan 
School in Madras. He had observed how 
Indian children teach each other in their 
open-air schools, and, applying the method 
in the orphan school, he taught there by 
means of the elder children with success. 

When he returned to England, pensioned 
by the East India Company, he wrote a 
pamphlet on his monitorial system, and 
published it in 179 7, under the title " An 
Experiment in Education Suggesting a 
System by which a School or Family May 
Teach Itself Under the Superintendence of 
the Master or Parent." The experiment 
attracted little attention, though a few 
schools adopted the system. 

Independently of Bell, an undenomina- 
tional school was being conducted a few 
years later in South London by Joseph 
Lancaster, who, in 1804, on seeing Bell's 
pamphlet, exchanged experiences with its 
author. Lancaster's system spread rapidly, 
but financially was unsuccessful, and in 
1808 he was supported by a body of 
undenominational educationalists, chiefly 
Quakers, who, however, believed in religious 
education. They called themselves the 
Royal Lancasterian Institution for the 
Education of the Poor, and later the British 
and Foreign School Society. As the un- 
denominational Lancasterian, or British, 
schools began to multiply rapidly, the 
Church of England began operations on 
its own account in 1811, and, adopting 
Bell’s plan of teaching, formed what is now 
called the National Society, with the full 
title mentioned above. Bell was ap- 
pointed its organising superintendent. The 
“ National " schools of England are the 
schools affiliated with this society. 

Bell, who was given the degree of D.D. 
by St. Andrews University, became pre- 
bendary of Lichfield Cathedral, and later 
of Westminster. He died January 27, 1832, 
and was buried in the Abbey. A notable 
pluralist, he left a large fortune, of which 
£120,000 was devoted to education. 

There has been keen competition for the 
honour of founding the . monitorial system 
of teaching. The fact is that Bell first 
proposed it ; and Lancaster, independently, 
brought it into widespread use, Bell, later, 
following suit* under powerful ecclesias- 
tical support, ^Bjit the idea had been in 
many minds, and, to some extent, had been 
brought into use by Pestalozzi before 


Lancaster made it a popular success. 
Though it is now rejected universally by 
scientific educationists, it served a valuable 
purpose in its day. It enabled schools to 
be started, and to be conducted cheaply, 
where there w&s no adequate supply of 
adult teachers ; and it accustomed the 
people to regard education as necessary 
and available. Bell's plan was to teach the 
elder scholars early in the day what they 
might teach the rest of the scholars later. 
Such teaching was, necessarily, done by 
" mass methods," as a kind of mechanical 



educational drill ; and it necessitated strict 
discipline. Individual initiative on the 
part of the scholar was impossible. But it 
was cheap when cheapness was the only 
possibility ; and the elaborateness of the 
necessary organisation ldQ to the establish- 
ment of training colleges for teachers, and to 
the development of a system which, after 
a hundred years of jarring experiment, 
seems likely to become truly national. 

EDWARD BELLAMY 
A Dreamer of Social Reconstruction 

Edward Bellamy, the last writer who 
popularised an ideal State — a Communistic 
Utopia — was born on March 25, 1853, at 
Chicopee Falls, in the State of Massachusetts. 
He studied as a young man both in the 
States and Germany, and, returning home, 
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was admitted to the Bar in 1871, but 
almost at once was drawn aside into 
journalism, and began to edit a newspaper 
in his native district. Later he became an 
editorial writer on one of the most respon- 
sible of American newspapers, the “New 
York Evening Post.” His early incidental 
writing took the form of novelettes, of 
which he published three with fair success. 
It was not, however, till he gave the world 
“ Looking Backward, 2000-1877,“ in 1878, 
that he became widely known. The book 
gained immediate and enormous popularity, 
passing through many editions in all 
English-speaking lands, and securing trans- 
lation into the principal foreign languages. 

At first it was accepted as a romance pure 
and simple by people who read only for 
passing interest ; but Bellamy had put into 
it his deeply felt convictions, and was in 
dead earnest in believing that his suggested 
icorganisation of society was a possibility, 
so he devoted himself to the propagation of 
his ideas in the Press and on the platform. 
But his book lost as politics the hold it 
had gained as fiction. A sequel, entitled 
" Equality, “ proved unsuccessful, and a 
society formed to give the impetus of party 
to the author’s ideas has not lived. Bellamy 
died at his birthplace on May 22, 1898. 

He was a brilliant, optimistic, man, who 
thought social changes might be made by a 
coup dc main which can only be brought 
about in the most gradual way. Whatever 
may be thought of Bellamy’s ideal State, 
the attempt to realise it was clearly ill- 
timed. Much of the organisation of society 
described in “Looking Backward” was 
adapted from Sir Thomas More’s “ Utopia ” 
to fit modern conditions. 

The introduction was ingeniously arranged 
— a great improvement on the customary 
traveller from unknown shores who describes 
his experiences. Bellamy imagined a rich 
Bostonian of the year 1877, who to over- 
come insomnia built himself an under- 
ground retreat in which, when his ailment 
becomes specially troublesome, he was 
soothed to sleep by a mesmeric practitioner. 
While lying thus in a state of trance the 
house was burnt down, the secret chamber 
remaining undiscovered. , The owner was 
supposed to have perished in the flames 
with his confidential servant, and the 
mesmerist had left the country. In the 
year 2000 the vault is accidentally dis- 
closed, and the sleeper, recovering from 
his trance, finds himself in a new world, 
but as youthful as ever. He thinks it is 
next morning, but really it is 117 years later. 
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The substantial part of the book- 
lightened by old and new love experiences — « 
consists of the discovery by the awakened 
man how the social problems of the end 
of the nineteenth century have been solved 
before the coming of the twenty-first cen- 
tury. In the interval combinations of 
capital and combinations of labour have 
become so complete on each side that a 
coalescence of all industry into a single 
State has been imperative, and the working 
of this ideal commune is described, so as to 
meet the various objections which defenders 
of individualism and the unlimited accu- 
mulation of private property would advance 
today. Poverty is abolished. Each mem- 
ber of the community is trained to do, with 
honour, the work for which he is suited — 
the doing of other work being less agree- 
able to him— and the rewards of industry 
and endeavour are such as each can most 
freely enjoy. Science has made enormous 
advances, and most of the evils of nineteenth 
century civilisation have disappeared, and, 
indeed, are already regarded as almost in- 
credible records of a barbarism that has 
become well-nigh unthinkable. 

The interest of Bellamy’s imaginative 
social construction is that it uses the 
materials which the optimistic philosophers 
of the past have accumulated, and cleverly 
adapts them to the requirements of today, 
and the problems that have arisen most 
recently from the onward passage of social 
evolution. It therefore has a much greater 
sense of reality, and appearance of com- 
pleteness, than such ideal forecasts as 
More’s “ Utopia.” 

GEORGE BIRKBECK 
The Founder of Mechanics* Institutes 

George Birkbeck, the father of popular 
scientific education in Great Britain, was 
born at Settle, Yorkshire, on January 10, 
1776. The son of a banker, he studied 
medicine, and took his degree of M.D. at 
Edinburgh when twenty-two years of age. 
Among his college friends were Brougham, 
Jeffrey, and others destined to achieve 
fame. Birkbeck distinguished himself as 
a student, and, in the year following the 
completion of his medical course, was 
appointed Professor of Natural Philosophy 
at the Andersonian University, Glasgow, in 
succession to Dr. Garnett. In later life 
Birkbeck became a highly successful physh 
cian, and, especially after his removal to 
London, had a large and lucrative practice. 

But it is as a pioneer in the education 
of the working classes that Birkbeck’s 
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name is presented to posterity. Birkbeck 
witnessed the beginning of great, industrial 
developments, the launching of many new 
trades, as steam-power began to open up 
fresh vistas to the toilers of the land. 
But everywhere the cry from manufacturers 
arose — the cry for skilled workmen. Watt, 
while in Scotland, vowed that there never 
were sjich incompetent fellows as his court- ' 
trymen ; and Boulton told him that no 
Scotsman who went to him seeking em- 
ployment as an engineer was successful. 
Of course, Murdock was a brilliant excep- 
tion. The rest, Boulton said, proved after 
a time to be good clerks or accountants — 
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anything but engineers. There was a 
sudden call for a new race of artisans, 
of men skilled in work to which they had 
never been accustomed. 

We have witnessed a similar thing since 
1896, when motor-cars became legalised 
in England. We have suddenly had to 
call for scores of thousands of motor- 
engineers' and driver-mechanics. We have 
got the engineers, but not the mechanics. 
Not one chauffeur in a score is a really 
competent mechanic ; scarcely a single 
driver of taxi-cabs in London is a mechanic. 
The companies* men, even if their trouble 
be so insignificant as a punctured tyre, 
have to telephone to headquarters for 
assistance. They can start their engines 
and steer theiKcars when running — that 
and nothing more,\ 
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The case was the same in regard to 
engineering as a whole in Birkbeck’s day. 
A new calling had suddenly come into the 
world, but there were not workmen enough 
to fill the positions vacant, and trade 
languished for skilled hands, while im- 
portant inventions were held up through 
the abominably bad work of the men who 
were installed. Birkbeck was the first man 
not actually engaged in industry to recog- 
nise this weakness. He set himself to apply 
a local remedy by establishing classes and 
lectures to working men. He began his 
course simply as a scries of classes at the 
university. He left for London in 1804, but 
the work that he had started in Glasgow 
went on and flourished, and out of it grew 
the first Mechanics’ Institution. 

Encouraged by the success of the move- 
ment which had developed from his old 
classes, Birkbeck, now a busy physician in 
the metropolis, consented to establish 
similar classes in London. At a cost of 
£3700 he built the first lecture -room, 
delivered the inaugural address, and assumed 
the leadership of the campaign against 
ignorance. Lord Brougham, who was one 
of the trustees of the institution, loyally 
assisted him. Like all other popular move- 
ments directed at leaving the world a little 
better than their originators found it, the 
Birkbeck scheme was the butt of cheap 
sneers and petty ridicule, but it captivated 
the imagination of the thoughtful. The 
movement aimed at providing, at infinitesi- 
mal cost to the student, instruction in 
elementary and technical branches of 
knowledge, by means of libraries, reading- 
rooms, lectures, and demonstrations. The 
London establishment was called the 
Birkbeck Institution, out of compliment to 
its founder, but' it was as Mechanics* 
Institutions that its many copies spread 
about the country. 

The first generation of members were 
taught their trades as mechanics, but later 
the scope was widened to embrace the 
elements of a higher education. Here, by 
private effort, were laid the foundations of 
our national system of popular scientific 
education. The movement has grown con- 
siderably within recent years, and from the 
old institutions have arisen new branches. 
Some of them, the working men's clubs, are 
not an unmixed blessing, as their drink-bills 
testify; others, while retaining the name 
of Mechanics* Institution, have come into 
the possession of the upper and middle 
classes of provincial towns, to the exclusion 
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of the people in whose interests they are 
supposed to have been founded. But the 
general effect of the movement upon the 
country has been enormously for good, and 
the name of Birkbcck is honoured as that 
of a national benefactor. 

He found time, in spite of many claims 
upon his leisure, to extend a helping hand to 
all movements that tended to the educa- 
tional uplifting of his generation. Thus he 
assisted at the establishment of London 
University College ; he fought umveariedly 
for the repeal of the taxes upon knowledge ; 
and by his lectures, by his generous gifts of 
money, and by his unstinted labours in many 
directions fought a good fight for a nobler 
and happier and better educated England. 
He died on December i, 1841. 

SIR GILBERT BLANE 
The Great Doctor of Armies and Navies 

Sir Gilbert Blane, the saviour of sailors, 
was a Scotsman, born at Blanefield, in 
Ayrshire, on August. 29, 1749. He was 
intended for the Church, and sent to Edin- 
burgh University at the age of fourteen. 
But, happily, he was attracted to the study 
of medicine, and under Dr. Cullen — who 
had already turned out, in Joseph Black, a 
physician who was revolutionising chemical 
science — Blane became a doctor with a fine, 
scientific mind. Through Cullen’s recom- 
mendations, the young man won the position 
of private physician to Admiral Rodney, 
and in 1779 sailed with him on the famous 
expedition to the West Indies. Rodney, 
perhaps, did not know much about the 
medical art, but lie could tell the worth of 
a man ; and Blanc’s great courage in com- 
ing forward at a critical emergency, and 
conveying, under fire, an important order 
to the officers at the guns, won the ad- 
miration of the admiral, who appointed 
the young Scottish doctor to the high 
position of physician of the fleet. 

Blane retained this post until he re- 
turned to England at the end of the war. 
He displayed conspicuous bravery, was 
under lire in several engagements, and 
wrote an account of the great victory that 
Rodney won over a more powerful French 
fleet, by means of the new manoeuvre of 
breaking the enemy’s line of battle and 
enveloping one of the broken halves with 
all the smaller English force. But it was 
not Diane's warlike activities at sea that 
made him one of the great benefactors 
of the human race and mariners of all 
nations. He took a large view of his office 
of physician of the fleet ; and though man 
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of the older medical men under him must 
have chafed at his appointment, and looked 
at it as a piece of jobbery, the young Scots- 
man profited by his fine opportunities to 
make a scientific study of the common dis- 
ablements of seamen. His aim was, as he 
said, to “ better the condition of a class of 
men who are the bulwarks of the State." 
For three years he had detailed monthly 
reports sent to him of all classes of sfekness 
on the fleet of from thirty to forty warships 
under his medical charge, and in the treat- 
ment he worked out he sought for preven- 
tion rather than cure. 

Fevers and scurvy were the two chief 
plagues of a seaman's life. The first he 
considered were to be prevented by clean- 
liness and fresh air, and in his recommenda- 
tions for keeping ships well scrubbed there 
was something of a practical anticipation of 
modern antiseptic methods. He knew, of 
course, nothing about disease germs, but 
he correctly concluded from his study of the 
monthly sick reports, and his observations 
on the conditions of the ships with the 
great and the least sick-lists, that the more 
often the men were set to scrub the ship 
dean, the less frequently they were attacked 
by fever. Some people, however, were at 
this time inclined to think that the hard 
labours of a crew made them greatly liable 
to scurvy. This was* the most terrible 
scourge of a sailor’s life. When Anson cir- 
cumnavigated the earth, more than four- 
fifths of his crew were struck down by it. 
Our naval expedition to Carthagena failed 
through an outbreak of it ; so did two 
earlier operations. At the time when 'Blane 
was trying to cure his fleet, the garrison of 
Gibraltar, besieged for three years, were so 
ill of the scurvy- that their eyesight was 
weakened, and they could not aim rightly. 

The disease came on slowly, with loss of 
colour and strength. In a week or more 
the blood began to ooze under the skin, and 
there were swellings at various parts of 
the body. Death occurred after several 
weeks of pain, from loss of blood or ex- 
haustion. Dr. James Lind had pointed 
out that lemon-juice was a remedy, and 
sailors in the South Seas had found relief 
in the consumption of cocoa-nuts. Lind, 
however, had not been able to get men to 
put his idea generally into practice. Blane 
happily tested it on the first occasion that 
offered, and found that scurvy was pro- 
duced by a stagnation of the circulatory 
system, and that lemon- juice quickly 
restored the blood and lymph to a healthy 
condition. Until Sir Almroth Wright 
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recently found how to thin and quicken the 
flow of blood by the use of preparations of 
lemon-juice, and then, when needed in 
special diseases, thicken and retard the flow 
by another medicine, Blane's old observa- 
tions on the stagnation of the humours in 
scurvy, and the part played by lemon- 
juice in removing the stagnation, remained 
one of the most useful discoveries made in 
connection with the blood. 

By combining the regular serving of 
lemon-juice to the fleet, and carrying out 
his new sanitary reforms on all the ships 
under his care, Blane produced some re- 
markable results. As Admiral Rodney 
wrote at the time : 11 To his knowledge 
and attention it was owing that the British 
fleet was, notwithstanding their excessive 
fatigue and constant service, in a condition 
always to attack and defeat the public 
enemy. In my own ship, the ‘ Formidable/ 
out of 900 men, not one man was buried in 
six months. ,, The effect of this, and of 
Blane\s own memorials to the Admiralty on 
lemon-juice and sanitation, was that, in 
1795, regulations were issued for the 
universal use of lemons in the Navy. The 
merchant marine of the whole civilised 
world gradually adopted the practice, and 
the commonest and most dreadful of 
sailors’ diseases became at last practically 
an unknown, legdndarj? thing. The general 
success that attended the measures of 
reform he brought about made Blane the 
most popular and powerful doctor in the 
kingdom. He ruled over the medical affairs 
of the Army as well as the Navy. Em- 
perors, kings, and presidents of republics 
sought his help. He died June 26, 1834. 

WILLIAM BOOTH 
The Science of Social Regeneration 

William Booth, founder and “ General ” 
offthe Salvation Army, was born at Notting- 
ham on April 10, 1829, and was educated 
at a private school. The son of Church of 
England parents, at thirteen years of age 
he revealed a precocious independence of 
thought by renouncing the Church of his 
family, and allying himself with the 
Wesleyan Methodist Connexion, whose ser- 
vices, he -said, were more interesting and 
appealing than those of the Established 
Church. His religious convictions did not 
become quickened, however, until two 
years later, when he was “ converted ” by 
the preachings of an American revivalist. 
Fifty yearsJater the General wrote of that 
event: " Tli&hour, the place, and many 
other particularKpf this glorious transaction 


are indelibly recorded on my memory.” 
Booth and a few young friends, fired with 
a zeal matching his own, began to hold 
services on their own account, services which 
were in almost every particular the proto- 
type of those which have since become an 
established feature of Salvation Army pro- 
cedure. The little band acted nominally as 
a sort of guerilla ally of the forces of the 
chapel with which it was associated, but 
when at seventeen Booth was asked by his 
pastor to become a local preacher, and enter 
his name upon the connexion “ plan,” he 
refused, pleading his youth, bht really 
recognising that greater opportunities lay 
in the path that he had chosen. Later he 



WILLIAM BOOTH 


did yield to pressure, to find himself, as he 
said, ” hooked into the ordinary rut, and 
put on to sermon-making and preaching.” 
But he was not born permanently to serve 
under the orders of* others, and, relin- 
quishing his mission, he reached London, 
and for three years was in business, 

At the end of that time he renewed in 
the metropolis the open-air services which 
he had begun at Nottingham. But he now 
combined mission work with study, and, 
surprising though it seems today, he 
became a Wesleyan minister, and preached 
with such effect that his Church appointed 
*him evangelist to the whole connexion, in 
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which capacity he conducted services in the 
chief towns of the country. He seems to 
have been rather a thorn in the side of his 
Church, however, for he was eventually 
bidden to return to regular duties, and, with 
unusual compliance, settled down to a 
pastorate at Gateshead. He had married a 
gifted, helpful woman, and for a brief 
period was at peace. At the end of four 
years he was ordered to move on. His 
congregation desired that he should remain, 
and he desired the same thing. As his chiefs 
were inexorable, he resigned his position in 
the Wesleyan Church, and became an 
independent itinerant preacher, backed by 
the efforts of his wife, who was as forceful 
and a more cultured speaker than himself. 

At first they preached in chapels which 
remained open to them, first holding open- 
air services, and leading their congregation 
in from the highways and byways. But this 
plan presently failed, and the open-air 
service became the established feature. 
After campaigns in many directions, Booth 
established himself in London, opening, in 
premises which had been a disreputable 
Whitechapel public-house, the " East Lon- 
don Christian Revival Society.” That was 
in 1865, and from that mission grew the 
Salvation Army. The organisation had 
always a semi-military character, and this 
was enhanced, on the suggestion of Mrs. 
Booth, by putting their adherents into 
uniform. The final name was the result of 
what Booth afterwards considered an 
inspiration. He was drafting the annual 
report of his mission, and was writing, 
“The Christian Mission is a Volunteer 
Army.” Then, he afterwards used to say, 

" Something flashed across me. I scratched 
out the word * Volunteer * and substituted 
' Salvation.* It was a memorable in- 
spiration.” The movement spread like a 
fire through the land, and beyond it. The 
army sought primarily the souls of men, 
but incidentally they saved bodies, too. 

In .1890 the famous " Darkest England M 
scheme was launched. The idea was the 
General’s, but it was clothed in the brilliant 
language of the late W. T. Stead— -which 
Fact, by the way, was not known until 
both men had passed away. The scheme 
was one of the greatest projects for social 
reform ever presented to the country by an 
unofficial organisation. It was a compre- 
hensive plan to carry material weal as well 
spiritual salvation to “ the submerged 
tenth.” It embraced labour colonies at 
home, emigration to our oversea posses- 
sions, rescue homes for the fallen of both 
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sexes, adults and children ; food for the 
hungry, clothes and shelter for the home- 
less. Booth raised £100,000, and was able 
to carry out a scheme which, while short 
of his ambitions, was by far the most 
effective attempt at a great social regenera- 
tion ever witnessed in Great Britain. 

Booth worked unweariedly to the end ot 
his life. Always a great traveller, he has- 
tened his steps as the end approached, and 
by the fastest trains, fastest steamers, and 
the fastest motor-cars sped from shire to 
shire, from country to country, from 
continent to continent. Persecution and 
obloquy, which had so long followed the 
army, all died away during the reign of 
King Edward, who, with Queen Alexandra, 
took a deep interest in the work of the un- 
wearying evangelist, and caused the Salva- 
tion Army to be officially represented at 
his Coronation. University and other 
honours were showered upon him, his 
journeys were triumphal progresses, with 
formal complimentary receptions awaiting 
him on his way through cities where at one 
time the mob used to stone him. 

Towards the close of his days his eye- 
sight was severely affected, and finally he 
became totally blind. To the last he never 
lost control, but thrilled his army with his 
old-time fervour and energy, and, so far as 
was possible, prepared the way for the still 
greater triumph ot his successor, his son, 
Mr., now ” General,” Bramwell Booth. 
William Booth died on August 20, 1912, 
and it is no exaggeration to say that the 
whole civilised world mourned his loss. 

He left behind a remarkable organisation. 
The Salvation Army at his death comprised 
nearly 21,000 officers, cadets, and employees, 
and 9130 corps and outposts, distributed 
over fifty-nine countries. Among the phil- 
anthropic and social institutions connected 
with it are 117 rescue homes, 25 maternity 
hospitals, 43 children’s homes, 18 prison- 
gate homes, 259 shelters and cheap food 
depots for the homeless, 184 workshops 
and factories, 51 labour bureaus, and 22 
farms. The army has some 54,000 local 
officers, and weekly conducts, all over the 
world, upwards of 32,000 open-air meet- 
ings, and a still larger number in the in- 
numerable halls reserved to its use. 

JOHANN FRIEDRICH BOTTGER 
of Porcelain in Europe 

Johann Friedrich Bottger, inventor of the 
famous Meissen, or Dresden, porcelain, was 
born at Schleiz, in Reuss, in 1682. At the age 
of twelve he was apprenticed to an apothe- 
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cary in Berlin, when alchemy was the craze 
of every ingenious mind. Naturally, the 
lad turned his attention to the subject, and 
he succeeded in deceiving his master into 
the belief that he had converted base metal 
into gold. News of the pretended inven- 
tion spread, and the shop was crowded with 
the credulous to get a glimpse of the young 
“ gold cook.” The story reached the ears 
of Frederick I. of Prussia, who sent for the 
inventor, and, being shown gold which 
Bottger was alleged to have made, resolved 
to immure him in a fortress, and employ 
him to make gold for the furtherance of the 
royal military schemes. Bottger suspected 
his patron, and, escaping across the border 
into Saxony, flung himself, with his story of 
gold-making, at the 
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feet of the Elector of j 
Saxony, Augustus I 
the Strong, King of I 
Poland. Augustus, j 
who was needing 
money as badly as 
Frederick, received 
the young alchemist 
with open arms ; and 
though a battalion of 
Prussian Grenadiers 
appeared before the 
palace demanding the 
s u rr ender of the 
young rascal, he was 
not given up. Having to depart for Poland, 
he demanded his secret of Bottger, who gave 
him a phial of liquid which, he declared, 
converted liquid metal into gold. Arrived 
at his destination, the King and a trusted 
counsellor themselves donned workmen’s 
aprons, and in a secret chamber attempted 
to transmute copper into gold. Their failure 
was followed, of course, by the exposure of 
Bottger, who fled into Austria, only to be 
captured by Saxony soldiery and taken 
back to prison. That was the end of Bott- 
ger’s alchemy. 

He next appears upon the scene as a 
maker of porcelain. This ware, the making 
of which had become a lost art in Europe, 
reached the West only from China, being 
brought thither by the Portuguese after 
they had discovered a way to the East by 
way of the Cape. The ware at its best 
realised more than its weight in gold. 
Another alchemist recommended Bottger, 
as he could not make gold, to make porce- 
lain. Bottger, for all his fraudulent pre- 
tences, had a good deal of natural ability, 
and, investigating the manufacture of the 
coveted porcelain with great care and zeal, 
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discovered at last a clay which, upon the 
application of intense heat, became vit- 
rified and retained its shape. The resultant 
ware was red, and was so hard that it took 
a high polish, and could be cut by the 
lapidary. It at once met with a ready 
sale, and is known as the red porcelain oi 
Bottger. But the real white transparent 
porcelain was yet to seek. Long Bottgei 
experimented, until one day, noting the 
great weight of his wig, he found that il 
was powdered with a heavy white earth 
which, upon testing, he found to be suit- 
able for his purpose. He at once made 
ware from this new find ; and though the 
pieces were clumsy and lacked the ex- 
quisite delicacy of form and composition o 
the Eastern original, they were the firsi 
genuine European porcelain of modern times 

The Saxon Elector, who had never for- 
gotten the trick played upon him bj 
Bottger, still kept him a close prisoner, anc 
for greater safety built a sort of fortres* 
workshop at Meissen, and there incar- 
cerated Bottger and the workmen engagec 
to serve him. They were all under militan 
surveillance, and the unhappy Bottger 
though the inspirer and genius of thi 
whole establishment, was retained in tin 
position of a mere foreman, with emissaries 
of the Elector placed in authority over him 
Many workmen, unable to tolerate the lift 
of .State prisoners, escaped at various times 
and carried with them the secret of tin 
manufacture, which in the course of half i 
century became established at nearly a 
dozen centres in Europe. To the last 
Bottger remained practically a prisoner 
and died, on March 13, 1719, in his thirty 
eighth year, a heart-broken drunkard. Th« 
secret of the factory at Meissen was carefulh 
guarded for a century ; and when Napoleoi 
sent an emissary, in 1812, to demand aj 
explanation of the process, the directo 
defied the Emperor until released by th 
Elector of Saxony from his oath of secrecy 

ZEBULON REED BROCKWAY 

An Original Reformer of Criminals 

Zebulon Reed Brockway was the man c 
widest experience in all time in the refor 
mation of meh after they had started on : 
criminal career. He was born at Lyme, i: 
the State of Connecticut, on April 28, 182; 
At the age of twenty-one he was a clerk i; 
the Connecticut State prison, and passe* 
from there through a number of officte 
positions in connection with prison an; 
reformatory work that enabled him t 
gather unique experience. 
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tn 1857 he became deputy superintendent 
of the Albany Penitentiary. Three years 
later he was appointed superintendent of the 
Munroe County Penitentiary, and in 1861 
he became the head of the Detroit House of 
Correction. This experience enabled him to 
formulate schemes for remedial treatment 
of men who were beginning a life of crime, so 
as to bring them back into the body of 
reputable citizens. In 1876 the State of 
New York, which had determined to deal 
in a remedial way with commencing 
criminals on the lines recommended by 
Mr. Brockway, appointed him superinten- 
dent of its new reformatory at Elmira, and 
gave him a free hand in the most remarkable 
manner. For twenty-four years Mr. Brock- 
way held that position, and made the 
reformatory a model that was copied, more 
or less, by almost every country. In 1900 
Mr. Brockway retired, but in the remaining 
few years of his life he continued his interest 
in remedial prison work as a lecturer on 
penalogy at Cornell University. 

The .Elmira Reformatory is a material 
embodiment of the man and his life’s work. 
It brought Brockway’s ideas into operation 
in the very year when Lombroso published 
his much discussed book 11 L'Uomo Delin- 
(11161110,” and the criminal became a serious 
subject of scientific study. Up to that time 
prison had been a punitive institution, which, 
incidentally, did harm to everyone who 
came within its influence. The question 
Brockway asked himself was whether the 
prison could not be made to do a man good, 
and return him to society able to take his 
place in the ranks of honest industry and 
keep it with credit. Through a long series 
pf years he proved conclusively that this 
remedial result can be attained in 80 per 
pent, of cases if the criminal is taken charge 
of after his first known serious offence is 
committed, and is trained carefully for the 
fife after lie leaves prison. 

The Elmira Reformatory stands in 280 
^icrcs 'of ground, the walled part covering 
acres. It accommodates 1400 male 
inmates between the ages of sixteen and 
Jhirty, and it cost nearly £400,000. The 
planning of the prison, the system of treat- 
ment, and all the details of management 
jvere left wholly in Brockway’s hands; and 
^he only criticism of the institution that 
pver appealed to ouisidc observers was that 
^he liberty of so many men was left 
pnder autocratic control. That was a theo- 
retical objection ; actually, the facts were 
j^holly favourable. 

At the basis of the treatment was the 
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indefinite sentence. No prisoner could tell 
when he would be discharged— except that 
he could not be kept beyond the expiry of 
his sentence. He might be released, how- 
ever, quite irrespective of the length of 
time named in the sentence, if he showed 
rehabilitation of character and a power of 
earning his living. Life inside the reforma- 
tory was regarded not as punitive, but as 
preparatory to life outside. The usual term 
was about two years, and in that time it 
was found possible to train a man for citizen- 
ship. Conditional release was granted for six 
months, and after that period supervision 
ceased, and the release became absolute, 
even though the original sentence might be 
for twenty years. 

Reformation by industry was the key- 
note of the Brockway gospel. That punish- 
ment never reformed anybody, but that 
skilled industry may reform almost any- 
body, was Brockway’s firm belief, and in 
proving it true he gave a new start to 
prison administration. 

LUTHER BURBANK 
The Wizard of Flowers and Plants 

Luther Burbank, who is known in his 
own land as “ the wizard of horticulture,” 
was born at Lancaster, Massachusetts, on 
March 7, 1849. The son of an English 
father and Scots mother, both of them 
studious people, Burbank, though in poor 
worldly circumstances, was happily placed 
in regard to educative opportunities. There 
were books for him at home, books to be 
had of his relatives, books at the local 
library, and as lie grew up he read and 
pondered everything that came his way 
bearing upon life favourite hobby — botany, 
lie had no pets or toys, only plants with 
which to beguile his leisure. School-days 
ended, he was placed at work in the factory 
in which his father was already engaged, 
but preserved his love for gardening. 
Noticing one day that a certain potato- 
plant bore a seed-pod, he preserved the 
seed, and from it raised a potato which 
proved far superior to others in disease- 
resisting qualities as well as in fertility. 
As there w T as a threat of a potato famine 
at the time, he was able, without difficulty, 
to sell his new growth for £30 ; and it is 
stated today that that potato, cultivated 
far and near, has added nearly five millions 
sterling to the wealth of the agricultural 
community of America. 

111 -health drove Burbank out of factory 
life, and with ten of his potatoes and a very 
slender sum of money he set out for Cali- 
fornia, the botanist’s land of promise. He 
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experienced great privations, was frequently 
without means or food, slept in hen-roosts 
and in damp barns, and was actually at 
death’s door when a charitable woman 
found him in the place where he had lain 
down to die, and succoured him with food 
from her scanty larder. He obtained work 
at last, and, by frugal living, managed to 
save sufficient to enable him to rent a small 
nursery. The clouds of misfortune began 
to roiraway with his first audacious attempt 
to mould Nature’s products to his will. 

He received an order to supply 20,000 
prune-seedlings within nine months. As 
eighteen months are required to raise a 
prune-seedling the task seemed impossible. 
But Burbank had his own ideas upon the 
subject. He planted 20,000 almond-seeds, 
which germinated, and at the end of six 
months had grown so rapidly that he was 
able to graft prune-buds upon them. He 
delivered 'the prune-seedlings within the 
specified time, and the orchard in which 
they were planted is now one of the finest 
in California. 

This, his first step in the wonderful pro- 
gress that he has made in experimental 
work, shaped his future career. Little by 
little he withdrew from the ordinary routine 
of the nursery-garden to develop new 
varieties of fruits and flowers, by cross- 
fertilisation, by budding, and by the 
raising and multiplication of self-fertilised 
freaks. In these days of fast ships and 
faster cables a man’s fame quickly attracts 
the attention of distant peoples. Just as 
Mr. Henry Cannell, a nurseryman of Swanley, 
Kent, sends large consignments of his 
produce to South Africa and Australia, so 
Mr. Burbank, upon a larger scale, was called 
upon to deliver his goods to European 
horticulturists. His own friends, particu- 
larly those of the ministry, were against 
him, regarding his work as impious. .In 
the course of a sermon preached in Bur- 
bank’s presence a minister denounced him 
for working in direct opposition to the 
Almighty in thus creating new forms of life 
which never should have been created, or, 
if created, only by God Himself. 

In 1893 Burbank retired from the nursery 
business and devoted himself entirely to 
the task of propagating new growths of 
flowers, fruits, vegetables, and cereals. He 
had a long, hard struggle, for fame and 
capital do not invariably bear one* another 
company. But in 1905 a notable thing 
happeneoxThe Carnegie Institution, at 
Washington/decided to grant him an annual 
£2000 for ten\ years, to free him from 


financial care and to enable him peacefully 
to pursue his investigations, and duly to re- 
cord results for the benefit of the community, 
The results attained are the most surpris- 
ing in the whole annals of botany. He 
has produced new and vastly more fertile 
wheats ; he has robbed the edible cactus of 
its thorns, and made it fit for the food of 
man ar.d animals, so that in the near future 
he hopes to see the old and formidable foe 
of animal life in the desert supplanted by 
the progeny of the edible cacti of his own 
nursery. The deserts, he says, will provide 


in this way a food sui 
the amount require* ' 


of more than twice 
for the whole popula- 
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tion of the world. Noting the havoc wrought 
in California by 
late frosts, he 
has evolved trees 
whose foliage 
and buds are 
undamaged by 
fre st, trees which 
will bloom earliei 
and fruit latei 
than any others. 
He has blended 
the plum anc 
the apricot intc 
a plum cot, z 
delicious stone- 
less fruit ; has 
given the world a thornless white black- 
berry ; has multiplied the varieties o: 
apples and pears, so that he has one apple- 
tree bearing upwards of seventy distinct 
species, large, small, sweet, tart, red, green 
golden. He is constantly making new 
vegetables, new grasses for paper, string 
hats, etc., new nuts, new flowers. 

All this is the outcome of his own patieni 
investigation, selection, and pollination 
His varieties of plums are said to numbei 
300,000 ; his peaches and nectarines 
60,000; almonds, 5000, and so on. Bu' 
these are only steps in his ladder o 
creation. All the 300,000 plums" may 
some day be reduced to half a dozer 
varieties. His white thornless blackberrj 
was the product of 65,000 separate growths 
Without university training, or any of tlx 
advantages which the great botanist ordin 
arily demands, Luther Burbank has re 
vealed more secrets of Nature in regard t< 
thQ, potentialities of her vegetal growth.* 
than any complete generation of botanist! 
combined. He obtained his knowledge o 
general principles from books, but hi: 
talent for applying those principles was hi.* 
own priceless inherent gift. 
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SIR FREDERICK ABEL— THE CHEMIST AND 
THE BATTLEFIELD 

ANTOINE CESAR BECQUEREL — IM- 
PROVE R OF THE ELECTRIC BATTERY 
ANTOINE HENRI BECQUEREL— FATHER OF 
THE NEW ALCHEMY 
MARCELLIN BERTHELOT-FOUNDER OF 
SYNTHETIC CHEMISTRY 
CLAUDE LOUIS BERTHOLLET-THE TRA- 
GEDY OF A GREAT MAN 
JONS JAKOB BERZELIUS— A DISCOVERER 
OF FACTS AND LAWS 
JOSEPH BLACK— FOUNDER OF THE REAL 
SCIENCE OF CHEMISTRY 

SIR FREDERICK ABEL 
The Chemist and the Battlefield 

S ir Frederick Augustus Abel, co-inven- 
tor of cordite, the standard explosive 
in the British Army, was born, the son of a 
Kennington music-master, at Woolwich, on 
July 17, 1827. Abel may be said to have 
been one of the fine products of A. W. 
Hofmann, under whom, in 1845, the Royal 
College of Chemistry was founded in 
London. Liebig's old scientific assistant was 
not only a great teacher, but enabled his 
pupils to teach themselves. Sir William 
Crookes and Sir William Perkin, famous for 
the discovery of* aniline dyes, were of the 
little company which, with Abel in the class, 
began its scientific career under Hofmann. 
Abel soon gained his master's favour, and 
was made his assistant, a position which he 
held for the next five years. It says much for 
both master and pupil that Abel, when only 
twenty-four years of age, was chosen to take 
up, in 1851, the post of lecturer on chemistry 
at the Royal Military Academy, which the 
immortal Faraday in that year vacated. 

Two years later, in conjunction with a 
scientific friend, he produced a handbook 
on chemistry which did in its special 
province for the student what the greater 
work of Hofmann did for the whole realm of 
scientific teaching. In the same year he was 
appointed ordnance chemist, an appoint- 
ment followed two years afterwards by that 
of chemist to the War Department. From 
that time he gradually became the leading 
authority on explosives, and for nearly 
half a century was chairman of the com- 
mittee dealing with the subject. He con- 
tinued at Woolwich for nearly a generation, 
during a period when the whole character 
of military^rmaments altered. 

His investigations and writings covered a 
very wide field. Tie was a member of prac- 


WILLIAM ARTHUR BONE-INVENTOR OF 
HEAT WITHOUT FLAME 
ROBERT BbYLE— HERO, THINKER, AND 
INVENTOR 

SIR DAVID BREWSTER— INVENTOR OF 
THE KALEIDOSCOPE 
ROBERT WILHELM BUNSEN -A GREAT 
DEVELOPER OF CHEMISTRY 
NICOLAS LEONARD CARNOT— A FOUNDER 
OF MODERN PHYSICS 
HENRY CAVENDISH— THE FIRST MAN TO 
WEIGH THE EARTH 

SIR WILLIAM CROOKES— THE STORY OF 
A WONDERFUL TUBE 

tically all the bodies that had national 
defence as their object. He abolished the 
black, smoky powder that was wont to 
obscure the battlefield or draw the fire of 
the enemy upon the gunners. He created 
a new form of explosive by altering the 
process of manufacturing gun-cotton, so 
that this might be easily and safely stored, 
and by his writings furnished the world with 
exact data on the subject. His most im- 
portant work in this connection was the 
creation, in conjunction with Sir James 
Dewar, of cordite. In spite of all precautions 
the old-fashioned explosives proved dan- 
gerous to handle and to keep. A new form 
was needed, and these two men, by laborious 
research and investigation, involving great 
personal risk, evolved the desired substance. 
It is composed of gun-cotton, nitro-gly- 
cerinc, and vaseline ; is named cordite from 
its string-like, or cord-like, appearance, and 
is perfectly safe to handle. Indeed, it is 
said that a recent Minister for War used a 
quantity of it as a walking-stick. Cordite 
was adopted for the British Army in 1891, 
and remains the standard explosive. 

Abel’s researches extended in many 
directions, and valuable results attended his 
investigation of inflammable dusts in coal- 
mines. He fixed the flash-point for petro- 
leum in this country, was organising 
secretary of the Imperial Institute, presi- 
dent from time to time of various learned 
bodies, and an appreciated contributor to 
the scientific literature of the day. An 
enthusiast in all that he undertook, he was 
a strong advocate of a system of tree-felling 
by explosives, a subject in which Glad- 
stone was naturally interested. As the 
Premier could not go down to Woolwich to 
witness a demonstration, Abel went to 
Downing Street, and there, in the garden 
of the official residence of the Prime Minister, 
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showed the efficacy of what he called his 
explosive necklace. 

In order that the trees might be spared, a 
tall mast was erected for the experiment. 
The explosive necklace was arranged and 
fired. There was an explosion that was heard 
in Hyde Park. All the windows round 
about were shattered, but the mast had 
been felled. And, after all, it was to fell 
trees or masts, not to save windows, that 
Abel was there. Windows do not, as a rule, 
occur in forests where the “ necklace ” was 
to be employed. Sir Frederick Abel died 
in London on September 6, 1902. 

ANTOINE CESAR BECQUEREL 
Improver of the Electric Battery 

Antoine Cesar Bccquerel, an illustrious 
father of an illustrious family, was born, 
March 8, 1788, at Chatillon-sur-Loing, in 
the department of Loirct, in the heart of 
France. lie is one of the most famous of 
French students of chemistry and electri- 
city ; and his sons and grandsons and^great- 
grandsons have nobly continued his work, 
and made the name of Becqucrcl a mark of 
intellectual aristocracy. Even the English 
family of Darwins can scarcely show so 
continual and magnificent an output of 
scientific achievement. It was an accident 
that turned the mind of the older Bccquerel 
to the pursuit of knowledge. Brought up 
amid revolutions, invasions, and raids that 
carried the French flag in victory from end 
to end of Europe, the boy was dazzled by 
the glory of a military career under Napo- 
leon. In 1806 he entered the Polytechnic 
School at Paris, and so distinguished him- 
self that at the end of two years various 
careers were open to him. He chose the 
army, and went as sub-lieutenant to Metz 
to complete his engineering knowledge. The 
following year he started out for Spain as an 
engineer officer in the army of General Suchet. 

From 1810 to 1812 he worked with skill 
and energy at six great and terrible sieges. 
He was mentioned several times in the order 
of the day for his brilliant actions. At 
Tarragona he built and defended a redoubt 
in the face of an overwhelming number of 
enemies ; and for this he was given the 
command of one of the three assaulting 
columns that captured the town. He was 
one of those men whose mind is a sword that 
quickly wears out its bodily scabbard. He 
was never strong, and only by sheer strength 
of will did he manage to keep on his feet. 

The rigours of the campaign undermined 
his delicate constitution, and at the age of 
twenty-four, when he was made Knight 
of the Legion of Honour, he was compelled 
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to retire. The position of under-inspector 
of studies was especially created for him 
at the Polytechnic School, and on entering 
on his duties in 1813 he married. When 
France was invaded by the allies, he again^ 
went out into the firing line, but again, at 
the age of twenty-seven, his health entirely 
gave way, and he had to leave the army. 
For some time he hesitated in the choice of a 
new career. He was so versatile that there 
were many openings before him. He chose 
at first the study of minerals, but, finding 
that they had electrical properties, he took 
up electricity. 

He had now found his proper field of work ; 
and the five hundred works which he wrote 
during his long life were almost exclusively 
devoted to discoveries made by him in the 
new and obscure branch of physics. There 
is not a chapter in the history of electricity 
to which he has not contributed something 
of importance. To him we owe the theory 
of the electric battery. Volta discovered 
that when a positive and a negative metal, 
such as copper and zinc, are brought into 
contact, an electric current is produced. 
Becqucrcl showed that the production of 
electricity is not caused by the contact of 
the two metals, but by the chemical action 
between them. Broadening out this idea, 
he proved that the molecules of a metal work 
by friction, heat, chemical action, or pres- 
sure in the development of electricity. 

He greatly improved the electric battery, 
and enabled a constant -current to be 
obtained from it. He showed how elements 
of various kinds could be obtained by means 
of an electric current, and he invented 
instruments of great precision for measuring 
electro-magnetic forces. Our Royal Society 
bestowed on him their highest honour. 
Bccquerel loved his country, his family, and 
science. He was an accomplished soldier, an 
illustrious discoverer, ana the best and 
wisest of fathers. On the education of his 
two sons he spent the most loving care, 
and established the great Becquerel tradi- 
tion, which is as strong at the present day as 
it was when his son, Alexandre Edmond 
Becquerel, succeeded him, on his death on 
January 18, 1878, as Professor at the 
Mus6e d'Histoire Naturelle. 

ANTOINE HENRI BECQUEREL 
Father of the New Alchemy 

Antoine Henri Becquerel, the son of A. 
E. Becquerel, and grandson of Becquerel 
the first, was born in Paris on December 
I 5 > 1852. He held the family professor- 
ships, winning them, of course, entirely 
by personal genius, and he completely 
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revolutionised the foundations of modem 
science. To him is directly due the dis- 
covery of radium and the radio-activity of 
matter. So, indirectly, he is the father of 
the new alchemy, whereby elements that 
were thought to be unchangeable are split 
upland transformed into different elements. 
His father, A. E. Becquerel, had spent his 
life in important researches on light and 
electricity. Antoine Henri developed these 
researches, and discovered that certain 
forms of matter emitted a mysterious 
radiance. It was Rontgen's discovery of the 
wonderful X-ray that excited Becquerel. He 
returned to his grandfather's early study 
of minerals ; and after some experiments on 
uranium he found that this element at 
ordinary temperature gave forth an invisible 
ray that passed through thin plates of 
metal, and affected a photographic plate. 

For his work on the problems of radio- 
activity he was, in 1903, awarded a Nobel 
prize jointly with Curie, whom he had put 
on the track of radium. Like his father and 
grandfather he did important work on 
magnetism and polarised light and phos- 
phorescence. He was, besides, a great 
engineer, and directed the bridge-building 
of France ; he also taught in the Polytechnic 
School of Paris, in which he and his father 
and grandfather had studied as boys. His 
activities were so diversed and so great that 
he wore himself out in middle age, and died 
at a holiday resort in Brittany on August 25, 
1908. But a fourth generation of the Bec- 
querel family is continuing the scientific 
work in which their ancestors had laboured 
for a hundred years, and reports of their 
discoveries are continually published. 

PIERRE EUG&NE MARCELL IN BERTH ELOT 
Founder of Synthetic Chemistry 

Pierre Eugene Marcellin Berthelot, one 
of the master-minds of France, was born at 
Paris on October 29, 1827. The son of a 
doctor, he distinguished himself as a boy 
by the variety of his studies, and at the age 
of nineteen he won in open competition the 
prize of honour in philosophy. But by this 
time he was convinced that thinking about 
things led nowhere, and he threw himself 
into the pursuit of experimental science, 
and, without passing through any school, 
he won, in 1854, his degree of doctor of 
science. Appointed to the humble position 
of manual assistant to a professor of 
chemistry at the College of France, he served 
him quietly for nine years, but spent his 
leisure time in carrying out a series* of 
remarkable experiments which.enabled.him 
to construct 'iknew system of chemistry. 

F 
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No one at that time thought that man 
would ever be able to make in laboratories 
and factories the substances produced by 
living bodies. It was held that a mysterious 
vital force working in plants and animals 
could alone create out of non-living matter 
the compounds manufactured in living cells. 

So when Berthelot published, in i860, his 
great work on “ Organic Chemistry Founded 
on Synthesis," the effect he made on the 
general mind was similar to that made by 
Darwin's “ Origin of Species." But there 
was no disputing the conclusions of the 
French chemist. His experiments in build- 
ing up the products of living things could 
be repeated and verified by any man who 
followed his methods. So the success of 
his system and his ideas was instantaneous. 
The professors of the College of France and 
the chemists of the Academy of Sciences 
demanded from the Government the crea- 
tion of a special Chair of Organic Chemistry 
for Berthelot. This was done at last, in 
1865, and for forty-two years Berthelot 
worked without interruption in a position of 
high authority. 

In person he was a small, quiet man with 
a remarkably large head. Having, as he 
proudly announced, shown there was no 
mystery remaining in the universe, and re- 
duced the processes of life to a matter of 
chemical laws, he was at heart one of the 
most melancholy of men. He could not 
understand the gaiety of mind of Renan, his 
life-long friend, whom he met when they were 
both poor and struggling lads in Paris. 
There is much in Renan's work which is 
derived from conversations with Berthelot, 
who was a brilliant thinker of wide range, 
as well as a specialist in the most important 
branch of chemistry. Intensely patriotic, 
Berthelot took an active part at the Siege 
of Paris. He directed the making of cannon 
and the manufacture of gunpowder and 
dynamite, and planned the researches of 
one of his pupils that led to the invention of 
modem smokeless powders of high energy. 

Out of this practical work Berthelot 
developed another branch of science in 
which he again did some masterly pioneer- 
ing labours. Taking up the chemistry of 
heat, he undertook a series of dangerous 
and delicate experiments with the most 
powerful explosives. He showed that an 
explosive energy proceeded in waves, and 
he measured the length of these undula- 
tions of terrific force. Out of the science 
of explosions that he constructed comes 
much of the practical applications of the 
highest energies to industrial purposes. 
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Berthelot would have been a very rich man 
if he had patented his discoveries. But 
lie refused to make money out of his ideas, 
holding to the noble conception that a 
true man of science should work freely with 
the sole aim of increasing the knowledge, 
power, and welfare of the human race. 

To escape from the melancholy of his 
soul — a melancholy caused, perhaps, by the 



COUNT BERTHOLLET VISITING LAVOISIER 

fact that he was a man of a soaring spirit 
imprisoned in a blind, dead, mechanical 
universe that he himself constructed— he 
tried to drug himself with work. He was 
indeed the most hard-working man of his 
age, and as he grew older his passion for 
work increased. Not content with his 
constant labouis in three departments of 
chemistry, he took up the study oi elec- 
tricity, and was the first to attempt to 
electrify growing crops. His lectures on 
science at the College of France went on 
ior forty years and more, and all this 
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time he directed and helped in the 
researches of his pupils. 

Having always been a Republican of an 
impassioned kind, he took no part in 
political life under the Second Empire. 
But he was one of the forces behind the 
Third Republic, and he shed lustre on the 
Government of his choice, by acting first 
as Minister of Education, in 1886 and 1887, 
and taking over the conduct of Foreign 
Affairs in 1895. When his scientific jubilee 
was celebrated in 1901 by a great State 
function, all the world attended to honour 
him. He died March 18, 1907. 

CLAUDE LOUIS BERTHOLLET 
The Tragedy of a Great Man 

Count Claude Louis Berthollet, one of the 
most famous French chemists, was born 
at Talloirc, in Savoy, December 9, 1748. 
Belonging to a family rcmarkable # for its 
ingenuity and its poverty, he took* up the 
study of medicine as a means of livelihood, 
and received the degree of doctor from the 
University of Turin at the age of nineteen. 
For four years he stayed at Piedmont, and 
then went to Paris in search of knowledge 
and food. Being a young man of great 
charm of manner and brilliant conversation, 
he approached the most famous physician 
of the age, Tronchin, who had great influence 
at the French Court. Tronchin was struck 
with the talents of the starving young 
doctor, and obtained for him some noble 
patients, together with the freedom of the 
chemical laboratories in the Palais Royal. 

Medicine was merely regarded by Ber- 
thollet 'as a means of existence. His real 
passion was for chemical study, and in 1784 
he won an apparently humble position of 
director of the royal dye-works. But he 
was one of those men of commanding genius 
who do not wait for favourable opportunities, 
but create them. Introducing chemical 
science into an industry that dates back 
before human memory, he astonished the 
world by making the first striking applica- 
tion of scientific ideas and methods to a 
traditional branch of work. At that time 
the bleaching of fabrics preparatory to 
dyeing them was a long and defective 
process. The cloth was washed many times, 
and after each operation it was spread on 
a field so that the air and light and dew 
would slowly take the colour out of it. 
Berthollet, in 1785, worked out the modern 
method of rapidly and completely bleach- 
fabrics by means of a preparation of 
chlorine, thereby revolutionising the dyeing 
industry and bringing home to everybody 
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the high practical value of the new science helping younger men of science who were in 
t)f chemistry. He gave also an admirable difficulties. Most of his savings lie gave 
example of the disinterestedness of men of to his son, but the young man set up as a 
science by throwing his invention open to manufacturer, and failed. And so ashamed 
the world and doing all he could to get men was he of going bankrupt that, finding his 
to use it freely. No personal profit was father had no more money, he committed j 
derived by him from his researches. suicide. j 

His chemical work, however, made, him Berthollet was heart-broken and prostrate j 
popular as well as famous ; and at the height at being unable to save his boy. This j 
r>f the French Revolution he was regarded by happened in 1811, and Napoleon, on hearing : 
all parties in France as one of the sources of of his poverty and sorrow, at once sent him 
wealth and strength of the country. Con- one hundred thousand crowns, and said he 
tinuing his researches on chlorine com- was hurt that his old friend and master had 
pounds, he came upon the highly explosive not come to him for help. Berthollet never 
potash combinations. As these were much recovered from the shock of his son’s 
stronger than gunpowder, he attempted to death ; the money he needed came too late, 

experiment with* them as a propellent for The rest of his life was one of outward 

firearms. The essay was made in the splendour. He was made a peer of France 
presence of the director of gunpowder on the restoration of the Bourbon kings, 
manufacture and four other persons. But and his fame in science was continually in- 
the explosion destroyed the building and creased by the chemical discoveries he 

buried the spectators beneath the ruins, made. He loved to surround himself with 

The disaster led Berthollet to reject the use younger men engaged in scientific study, 

Df his new explosive, which went off with and impart to them his remarkable store of 
murderous facility. But as the French knowledge. He aimed at reducing the 
Republic was in great danger from its phenomena of chemistry to physical laws, 
enemies, he continued to risk his life in the and he was most successful in dealing with 
search for new explosives, and, at terrible the decomposition of salts by acids. He 
peril, discovered fulminating silver, and was a follower of the great French chemist 
Lhen helped the French Government as a Lavoisier, and with him reformed the 
:hemical handy-man. terminology of the science. Most of his 

He looked to the qualities of the soldiers’ writings lire remarkable for the clearness with 
ammunition, sought for fertilising chemicals which they are written, for their scientific im- 
to improve the crops of the country, and portance, and for their usefulness in arts and 
went to Italy to collect for the Government industries. He died of a fever on November 6, 
the masterpieces of the great Italian painters, 1822, at the age of seventy-four, 
and discover more scientific methods of 

cleaning the canvases. In Italy lie met JONS jakob Berzelius 

the young General Buonaparte, who became A Discov ® rep of Facts and Laws 

greatly attached to him. His practical Baron Jons Jakob Berzelius, who de- 
cichievements so convinced Napoleon of veloped and enriched chemistry in its most 
the value ©f science that lie became a pupil important branches as hardly any other 
^f the chemist, and attended his lectures on man has done, was the son of a school- 
returning to Paris. master of East Gothland, Sweden. Born 

It was to Berthollet that Napoleon con- on August 29, 1779, in a farm at the village 
tided his secret plans for an expedition to of Vafversunda, he was left an orphan at 
Egypt, and asked him to collect a band of the age of nine, and in his youth had to 
men of science to accompany the army, endure many cares and privations. While 
Bread-making, beer-making, gunpowder still a boy he acquired a love of chemical 
manufacture, iron smelting and steel tern- research, and, after many difficulties and 
pering, the erect ion of hospitals, and the est a- disappointments, was able to complete his 
blishment of a botanical garden were a few education at Upsala University. Unfortu- 
af the tasks that the brilliant young chemist nately, the teaching he received in chemistry 
helped to direct while following Napoleon was dull and uninspiring. So he turned 
in the Egyptian campaign. to the study of medicine, and graduated 

In 1804 Napoleon made Berthollet a as a doctor in 1802. In the meantime, 
Count of the Empire and Administrator of however, he kept up as a hobby the study 
the Mint. By this time the chemist was a of chemistry, and by his own unaided efforts 
rich man, but, remembering his own early obtained a practical and experimental know- 
juggle, lie $|)ent most of his money in ledge of the young science. 
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An early work on the action of an 
electric current on salts made him famous 
at the age of twenty-two, and in 1802 he 
was appointed assistant professor in medi- 
cine, botany, and the study of drugs at 
Stockholm. His salary was very small, 
but he added a little to his income by 
medical practice. During a visit to London, 
in 1812, he attended the lectures at Guy's 
Hospital, and he was there inspired, by 
the experiments that the lecturer, Dr. 
Marcet, introduced as illustrations, to adopt 
the same method on his return to Sweden. 
In 1815 a Chair for chemistry was found 
for him at Stockholm, and he broke away 
from the Continental tradition of giving 
lectures on pure theory, and attracted 
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students, in the English fashion, by his 
illustrative experiments. In his modest 
home he used a small scullery as a labora- 
tory* and in this humble chamber laid the 
basis of a large part of modern chemistry. 

In 1823 the famous German man of 
science, Wohler, journeyed to Stockholm 
with a view to spending a winter in Berze- 
lius's laboratory. Naturally he expected 
to find a well-appointed room, fitted with 
all manner of ingenious instruments. He 
knocked at the door of the house, and it 
was opened by a tall man with a florid 
complexion. It was Berzelius, the most 
famous of European chemists. Asking to 
see the laboratory where so many mighty 
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discoveries had been made, the astonished 
German was conducted to a little place off 
the kitchen, where there were a couple of 
plain tables, a blowpipe, a shelf or two of 
bottles, and a barrelful of water for wash- 
ing the laboratory dishes. In the kitchen, 
in which the cook was working, were a 
small furnace and a sand-bath, and this 
completed the outfit of the man who had 
revolutionised a whole science. 

Here the atomic weights of the greater 
number of the elements had been deter- 
mined accurately. New elements had been 
discovered, and the properties of uranium 
and platinum and the rare earths now used 
in incandescent mantles had been examined. 
No chemist has added to the science so 
many carefully determined facts as Berzelius. 
He was always at work in his kitchen or 
scullery, and, in spite of his primitive 
appliances, he worked with the most ex- 
quisite skill. He was one of those workmen 
of genius who can make up in inventive 
power for the lack of tools and the money 
to buy tools. Berzelius indeed made, just 
for this reason, most ingenious advances 
in the technique of the chemical laboratory. 

Great as he was as a discoverer of facts, 
he was still greater as a discoverer of the 
laws that connect facts together, and point 
the way to larger fields of knowledge. His 
inventive output was not, perhaps, so great 
as that of his English contemporary, Davy, 
for he lacked appliances. But by strict 
methods of procedure and incessant study 
and observation he built up a famous theory 
of chemical proportions, which formed the 
foundation for the work of other men. 

The fine qualities of the man were shown 
in his relation to the large and brilliant 
band of young men of science who gathered 
about him from all parts of the world. His 
kitchen was at their disposal, and so was his 
genius. Unlike some modern men of 
science, he did not claim the honour of 
discoveries made by the younger men whom 
he directed and helped in their researches. 
He was too rich in achievements to keep 
his assistants subordinate to his fame. 
Just and unselfish, he was ready to give his 
pupils more than their full credit for dis- 
coveries of which he was the real begetter, 
in order to bind them in youth to a life of 
original research. This is one of the reasons 
why his teaching was as productive of 
large results as his experiments and theories 
were. He was one of those rare men with 
a gift of creating genius in others. He was 
made a baron in 1835, and his life of in- 
cessant discovery ended on August 7, 1848. 
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JOSEPH BLACK 

Founder of the Real Science of Chemistry 

Joseph Black, one of the founders of scien- 
tific chemistry, was the son of a Belfast wine- 
merchant. He was bom near Bordeaux, in 
1728, and his childhood was passed in 
France, but at the age of twelve he was 
sent home to a school at Belfast. A quiet, 
pleasant boy, of a rather frail constitution, 
he was devoted to study, and his father, a 
man of unusual knowledge and liberal 
sentiments, sent him in 1740 to the Univer- 
sity of Glasgow. While at Glasgow, Black 
resolved to follow a medical career, and at 
the same time he began to take an interest 
in chemistry. But it was at Edinburgh 
University, where he went to complete his 
medical studies, that the young man from 
Belfast revealed his genius and founded the 
real science of chemistry. 

At the time many medical men were 
using quicklime and potash, in the form of 
caustic potash, to counteract stone in the 
bladder. It was thought that when lime- 
stone was treated with fire the quicklime so 
made derived from the fire a “ fiery power.” 
This fiery power the quicklime handed on 
to the potash, and that was how the caustic 
potash acquired its power of corroding 
animal matter ! Black resolved, in the 
irdour of youth, to go in pursuit of this 

fiery power,” and lay hold of it. For three 
years he delayed talcing the degree of Doctor 
of Medicine, in order to make sure that his 
experiments were complete and his conclu- 
sions well founded. Then, in his famous 
thesis for the M.D. degree, he dismissed the 
fiery power into the limbo of mad fancies, 
and showed that the causticity of lime and 
alkali is due to the absence of the carbonic 
acid which was present in the limestone and 
certain forms of alkali. 

The work that Black completed when he 
was twenty-six years of age is the first 
accurately quantitative examination of a 
chemical action which we possess. By it 
he began the high task of transforming 
chemistry from a fanciful, weak, and 
obscure art into a methodical science of 
universal range and tremendous power over 
the lives of men. Happily, his worth was at 
once recognised, and in 1756 he was ap- 
pointed Professor of Anatomy and Lecturer 
sn Chemistry in Glasgow University. This 
enabled him to form and train a school of 
young, scientific chemists ; and among his 
pupils was James Watt, who remained his 
friend for life. Adam Smith, the famous, 
political economist; David Hume, the no 



less celebrated thinker, and Dr. Hutton, 
one of the earliest workers in geology, also 
became his intimate friends. 

In the ordinary way, however, Black pre- 
ferred the society of cultivated men and 
women to that of men of science. When his 
work in the laboratory and lecture-room 
was over, he liked to go out in the world and 
recover the sense of life. 

At Glasgow, and later in Edinburgh, he 
was more concerned with the methods and 
principles of chemical science than with the 
discovery of new facts. He wanted to forge 
the instruments of research, and train the 
men of the younger generation in the use of 
them. Unlike many highly original minds, 
he had a gift for teaching ; and he delighted 
in exercising it. In his lectures he threw 
new light on the whole range of chemical 
science. From him men like Watt caught 
the fire and the knowledge that led to great 
achievements. 

His own finest piece of experimental 
research was that on latent heat. This 
occupied him from 1756 to 1761. He melted 
a piece of ice to water, and then turned the 
water to Steam. He measured the amounts 
of heat required in these two operations. 
He showed that the heat was absorbed by 
the ice and the water, and that it was 
restored to surrounding substances when 
the steam again became water and the 
water congealed to ice. This kind of heat 
he called latent heat, because its presence 
was not revealed by the thermometer 
James Watt assisted him in his final experi- 
ments with steam. 

In 1766, Black was appointed Professor of 
Chemistry at Edinburgh, and in this position 
he remained till his death, on December 6, 
1799. Being at table with his usual fare — 
some bread, a few prunes, and a cup of milk- 
and-water — he took the cup in his hand, 
and died with a smile, holding the cup, and 
even in death not spilling the milk. He was 
always a careful man, was Joseph Black ! 

WILLIAM ARTHUR BONE 
Inventor of Heat without Flame 

William Arthur Bone, the author of the 
greatest revolution in industrial science of 
our time, comes from Stockton-on-Tees. 
There he was born on March 19, 1871. He 
first attended the Friends' School at Ack- 
worth, and afterwards went to the Grammar 
School at Stockton and the Leys School 
at Cambridge. Taking up the study of 
chemistry in boyhood, he graduated at the 
age of twenty in the Honour School of 
Chemistry at the Victoria University of 
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Manchester. The science of metals was at 
this time his especial study, and it was in 
search of an easy way of obtaining the 
intense heat necessary in dealing with some 
refractory materials that he made his great 
discovery. He won a scholarship, and was 
elected Fellow of Victoria University at the 
age of twenty-one. Hut in order to broaden 
his knowledge of the chemistry of products 
of living bodies he went to Heidelberg in 
order io study under Victor Meyer, one of 
the finest of organic chemists of the latter 
part of the nineteenth century. His own work, 
however, has mainly lain in an entirely 
different direction from Meyer’s researches. 
On returning to England, Professor Hone 
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was appointed, in 1896, head of the chemical 
department at the Battersea Polytechnic 
in London ; two years afterwards he was 
made Lecturer in Chemistry and Metallurgy 
a t Owens College, Manchester. His 
brilliant success as a teacher, however, 
was now only of secondary importance in 
his career. He was already engaged upon 
the long and difficult researches on com- 
bustion which have had so extraordinary a 
result. From 1905 to 1912 he worked at 
Leeds University as Professor of Applied 
Chemistry; and' here he took Mr. C. 1 ). 
McCourt as a fellow -worker in his special 
invention of flumeless heat. 

He had discovered that, by mixing coal- 
gas and air, and sending it in a jet on a 
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screen of porous material, an amazing 
amount of heat could be produced. All 
the energy usually wasted in the flames of a 
fire were transformed into a flameless heat. 
So high were the temperatures thus obtained 
that the chief difficulty was to find a 
material that would resist the heat. This 
was at last done by means of a special fire- 
clay, and on March 30, 1911, Professor Bone 
was able to announce the invention of the 
Bonecourt system of flameless combustion. 
By this system it is easy to obtain a degree 
of heat twenty times more powerful than 
the fire required to boil water, and in many 
cases the cost of fuel is practically halved. 

Almost every industry in which work is 
done by heat is affected by the new dis- 
covery. The smelting of metals and the 
annealing of iron and steel, the making of 
lass and cement, the riveting of ships and 
ridges, and the steel- work of large build- 
ings, the distillation of water, oil, tar, and 
zinc, the production of steam power, and 
the calcination of minerals are merely a 
few of the industries revolutionised by 
Professor Bone. His system is applicable 
to domestic purposes and to chemical work. 

The economy of the new flameless heat is 
well displayed in the new steam-engine 
recently exhibited in London. In it ninety- 
five out of every hundred parts of the heat- 
energy of fuel are converted into steam 
power. So important are the results of 
Professor Bone’s years "of research that in 
1912 a special position was created for him 
at the Imperial College of Science, London, 
by means of a Professorship of Fuel and 
Refractory Materials. 

ROBERT BOYLE 
Hero, TftinHer, and nvenfor 

Robert Boyle, the father of chemistry, 
was the fourteenth child of the Earl of Cork. 
He was born at Lismore, on January 25, 
1G27. His father came to Dublin at the age 
of twenty-two, with a handsome suit of 
clothes on his body, and twenty-seven 
pounds three shillings in ready money. As 
his son relates with pride, he built out of 
this small beginning so eminent a fortune 
that he was the wonder of his age. Boyle 
himself was a studious, sickly boy, with 
uncouth manners, stuttering speech, and 
roving ways, but that brilliant man of the 
world, Sir Henry Wotton, took him in 
hand, when he was sent to Eton at the age 
of eight, and turned him into a courtly 
gentleman with an inquiring mind. » In 
boyhood Boyle nearly -lost his life through 
the mistake of a careless apothecary. This 
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accident made him for the rest of his life 
fear doctors more than disease ; and, what 
is of more importance, it also made him 
apply himself to the study of physic, so 
that he might not need help from physicians. 

From the study of drugs he acquired an 
interest in the chemical art of preparing 
them ; and if he did not completely turn this 
art into a science, he at least laid the 
foundation for its scientific development. 
During the troubles of the Civil War, he 
joined the Invisible College. This sounds 
like a secret political society, but it was 
really composed of a few gentlemen who 
were interested in the new school of ex- 
perimental science, of which Bacon was 
indirectly the author. The little band of 
inquiring minds used to meet weekly at 
each other's lodgings in London or at 
Gresham College, Boyle's house being from 
1654 the usual meeting-place. Out of the 
Invisible College grew the Royal Society of 
London for Improving Natural Knowledge, 
which was incorporated by Charles II. in 
1662, with Boyle among the members. 

Then the cry went up that religion was 
being undermined and civil law destroyed, 
and the empire of reason and true learning 
overthrown. Pious bishops and atheists 
like Hobbes attacked the society, and 
satirists like Samuel Butler, the author of 
“ Hudibras,” lampooned it. Boyle was en- 
treated, for the sake of religion and the good 
of his country, to* abandon his scientific 
companions. But the Great Plague and 
the Great Fire gave the society its oppor- 
tunity, and much of what was good in the 
arrangement of the new city was the result 
of their discussions and councils. They made 
science fashionable, and even the good-for- 
nothing King set up a laboratory and amused 
himself by making weather observations. 

Boyle began his chief experiments in 
1659, ^h the construction of his famous 
“ pneumatical engine." This was an ap- 
paratus for creating a vacuum, and study- 
ing the properties of the air. He was very 
cautious in drawing conclusions from his 
experiments, as befitted a man who printed 
in 1661 a work entitled “ The Sceptical 
Chymist.” But through his caution and 
his thoroughness of investiga ion he was 
able to formulate the law of gases known by 
his name, which is* of supreme practical 
importance in the design and working of 
steam-engines. His “ Sceptical 'Chymist ” 
contains a greater number of well-authen- 
ticated facts than is to be found in any other 
treatise of its day. Boyle made alcohol 
from wood, and acetone from lead and "lime. 


Born in the year after Bacon's death, 
he is the first true exponent of the Baconian 
method. His fame and his social position 
made his personal influence very con- 
siderable, and the work that he did to 
advance scientific knowledge was of high 
importance. His house was constantly 
crowded by patentees and inventors, and 
he spent a good deal of his income in help- 
ing poorer men of science. He was the 
inventor of the term " chemical analysis " ; 
and by his discoveries of many means of 
discerning the presence of known chemicals 
in unknown compound substances he did 
much to forward that branch of the new 
science of which he was godfather. 
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Yet the remarkable labours of his life 
were carried out in suffering, for he was the 
victim of grievous ill-health. Somewhat of 
the superstitions of the media:val alchemists 
clung to his mind, for, like Bacon, he was 
inclined to believe in the transmutation 
gold. But perhaps, now that we have 
arrived at the new age of alchemy, these 
strange notions of the most cautious and 
doubtful man of the modern school may be 
regarded as premonitions of the great 
discovery of the age of radium. Boyle was 
only sceptical in matters of scientific 
theory ; in matters of religion he was a 
profound and impassioned believer. A 
feeling of awe excited in him in boyhood 
during a thunderstorm remained the main- 
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spring of his life and he established the 
44 Boyle Lectures ” in defence of Christi- 
anity. He died on December 30, 1601, and 
was buried at St. Martin's-in-the-Fields. 

SIR DAVID BREWSTER 
Inventor of the Kaleidoscope 

Sir David Brewster was born at Jed- 
burgh, on December n, 1781, the son of 
the rector of the local grammar school. 
Although from his earliest years lie showed 
decided inventive talents, and made a 
telescope when he was but ten, he was 
destined by his father for the Scottish 
Church, and at twenty-three preached his 
first sermon. He showed considerable talent 
as a preacher, but the strain was too great 
for his nervous system, and reluctantly he 
abandoned the pulpit for the editorial 
chair and the post of tutor. He was early 
brought in contact with the foremost 
Scotsmen of his day, and throughout his 
long life had a host of friends on the 
Continent as well as in his own land. He 
failed to secure election as professor of 
mathematics at either Edinburgh or St. 
Andrews, but was made LL.D. of St. 
Andrews, and M.A. of Cambridge. 

Before he was thirty, he had begun that 
long series of investigations of the properties 
of light and of optics which brought him 
fame. He improved the stereoscope of 
Wheatsone by introducing refracting lenses 
and inventing the kaleidoscope, which for 
nearly a century has been sold in vast 
numbers as a charming toy, but also as an 
instrument of utility. Some of the most 
beautiful designs for lace curtains and 
other fabrics have been made from patterns 
supplied by its endless variety of figures. 
The pity is that, owing to an error in the 
patent specification, the inventor never 
derived a farthing from it. 

His daughter has described the enthusi- 
asm which the toy caused in England and 
America, and how, on the luckless inventor's 
visit to London to seek protection for his 
invention, he found kaleidoscopes to right 
and left, all pirated copies. One manu- 
facturer undertook to make kaleidoscopes 
for Brewster, provided that he got the 
permission of the gentleman for whom he 
was already manufacturing them. Another 
example, he was told, was the patent of a 
London doctor, in so far as the interior was 
concerned, but that the tinman who made 
the toy had patented the tin covering, and 
the two were at loggerheads as to the whole. 
However, honour proceeded indirectly from 
it, for the kaleidoscope resulted from 
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Brewster's experiments on the polarisation 
of light by successive reflections between 
lates of glass, and these experiments 
rought him the Copley medal. 

A prodigious worker, Brewster edited 
various educational works, contributed an 
enormous number of articles on scientific 
subjects to the reviews and encyclopaedias 
of the day, wrote admirable biographies ol 
scientists, introduced important improve- 
ments into the lanterns of lighthouses, 
examined and explained the nature and 
cause of colour-blindness, from personal 
observation of his friend John Dalton, in 
whom the infirmity was first discovered, 
and helped to found the British Associa- 
tion, of which he was one of the first and 
most honoured members. 

He marched out with the 474 protesting 
ministers who quitted the Church ol 
Scotland, and in doing so nearly lost the 
principalship of the college of St. Salvatoi 
and St. Leonard in the University of St. 
Andrews. The whole life of this indefatigable 
man was given to science and literature, and 
his work and worth were recognised by the 
bestowal of many titular honours, as well 
as by a pension from the Government. 

He was greatly beloved in private life, 
and, for all his exhausting researches, could 
enjoy a joke as well as his gayest friends. 
A typical jest in which he shared was that 
practised at the house of the Duchess of 
Bedford. Brougham, Lord Chancellor at 
the time, was among the guests, and after 
his withdrawal to bed it was decided to sec 
whether he really did, as tradition alleged, 
sleep upon the Great Seal of State. A soft 
cake of dough was made, and a procession 
of nobles and others, headed by Brewster 
carrying two enormous silver candlesticks, 
and the Duchess with the dough upon a 
silver salver, marched up to the bedroom, 
where Brewster peremptorily demanded 
that the Great Seal be brought into use. 
Brougham ruefully whispered to his friend 
that he could not get up, but he gravely 
stamped the dough with the Great Seal, 
the procession retired satisfied, and the 
Chancellor returned to his pillow. Brewster 
died at Allerly, Melrose, on February 10,1868. 

ROBERT WILHELM VON BUNSEN 
A Great Developer of Chemistry 

Robert Wilhelm von Bunsen, to whom 
chemistry is indebted for a great number ol 
important researches in every part of the 
science, was born at Gottingen on March 
31, 1811. Among his inventions of a more 
general kind are the Bunsen burner, the 
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: magnesium light, and the Bunsen cell. He 
also took a chief part in founding the 
science of spectrum analysis, by means of 
which the flame from a chemical retort or 
the light from a distant star can be made to 
tell of what burning elements it is composed. 
He was educated in his native town and in 
Paris, and after holding a series of pro- 
fessorships in different parts of Germany 
he was called, in 1852, to Heidelberg. For 
many years he remained the master-mind 
of this university, which he made one of 
the great scientific centres of Europe. 

At the age of twenty-six he began his 
first important research, and for six years 
he studied a certain compound of arsenic. 
He made his name over it, but came out 
rather damaged, having lost the sight of 
one eye through an explosion, and being 
nearly killed by arsenical poisoning. His 
experiences somewhat diminished his in- 
terest in this branch of work, and he let 
his English pupil. Sir Edward Frankland, 
go on with it alone, and win high fame by a 
series of brilliant successes. Bunsen also 
took up, at the beginning of his career, the 
study of the gases given off by blast furnaces. 
This branch of his work was of great and 
immediate practical importance. He was 
able to show that in German furnaces 
almost half the heat yielded by the fuel 
was allowed to escape with the waste gases. 
Coming over to England to investigate our 
furnaces, he revolutionised the methods of 
our manufacture of iron, by proving that 
80 out of every 100 heat-units went up the 
chimney with the waste fumes. This 
striking application of the principles of 
chemical research to an important industrial 
problem served to awaken our ironmasters 
to the high practical value of modern 
science, though many years passed before 
we learnt to convert the waste gases from 
blast furnaces into a source of power. 

Bunsen was a man with a remarkable 
range of mind, and in 1841 he adventured 
into the borderland between chemistry and 
electricity, and invented the carbon-zinc 
electric battery, now generally known as 
the Bunsen battery. By using it to pro- 
duce an electric arc, he obtained out of a 
pound of zinc a light equal to nearly 1200 
candles. Each pound of zinc used in the 
batteries lasted an hour. Then, in order 
to measure exactly the amount of light 
that he so obtained, the famous chemist 
invented another instrument, the gre?Lse- 
s Pot photometer, which remains in general 
use. It consists merely of a sheet of white 
paper, in the ceptre of whicn is a grease- 
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spot. The sheet is placed on a slide in 
the middle of a table, and a standard 
candle is placed at one end of the table, 
and the light to be measured at the other 
end. The paper is slidden up or down 
until the grease-spot becomes invisible, 
owing to the lights on both sides of it being 
of equal power. The scale on which the 
paper has been slidden then shows the value 
of the tested light. 

In 1852 Bunsen began to use his battery 
in another ingenious way. He sent the 
current through various solutions, and 
separated the substances therein. By this 
means he obtained magnesium in its 
metallic state, and turned his discovery 
into a matter of importance to photo- 
graphers by studying the brilliance and 
properties of the magnesium flashlight, and 
proving how quickly it acted on a photo- 
graphic plate. 

The famous Bunsen burner was invented 
by him as an aid to chemical research. 
In 1855 a new laboratory was built at 
Heidelberg, and Bunsen was asked to look 
at the various devices proposed for supply- 
ing heat for use in chemical operations. 
A blowpipe was generally employed for 
the purpose, but Bunsen wanted some- 
thing more convenient to handle. Finding 
nothing to suit him, he quickly devised a 
simple means of burning ordinary coal-gas 
in such a way as to produce a hot smoke- 
less flame. His burner was so excellent and 
easy a means of obtaining an intense heat 
that it has come into general use. 

Huxley used to say that Herbert Spen- 
cer's idea of a tragedy was that of a theory 
killed by a fact. Bunsen was remarkable 
for his dislike of theories ; he never 
troubled about them, even when the chem- 
ists of Europe were divided into two warring 
camps, each with a separate theory. He 
kept to facts, and especially to the dis- 
covery of new facts, and new methods for 
arriving at facts. The result is that the 
only book he published, which was on gas 
analysis, is as sound today as when it 
was written ; it is not only a storehouse 
of information, but it practically still 
covers the whole field. 

Bunsen was so continually successful a 
man of science that we cannot attempt 
to enumerate his discoveries. There is, 
however, one achievement of his so tre- 
mendously impoitant that it dwarfs all 
others. Following a strange discovery 
made by a fellow-worker in i860, he took 
a main part in the work of finding out 
the significance of the thousands of faint 
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. dark lines seen on the band of colours 
formed by passing sunlight through a 
three-sided piece of glass. By developing 
his methods we are now able to get photo- 
graphs of iron-storms and other whirling 
masses of flaming elements on the sun. 
We are able to go upon mining expeditions 
among the stars. Bunsen died at Heidel- 
berg on August 16, 1899. 

NICOLAS LEONARD CARNOT 
A Founder of M dern Physics 

Nicolas Leonard Sadi Carnot, the founder 
of the science of thermo-dynamics, a 
son of the organiser of victory under the 
First French Republic, and the uncle of 
President Carnot, of the Third Republic, 
was born on June 1, 1796, in the Luxem- 
bourg Palace, Paris, where his father was 
still engaged in organising the fourteen 
armies of the Revolution. The next year 
the elder Carnot had to flee to Germany. 
He returned to help Napoleon, but threw 
up his work when he discerned the tyran- 
nical ambitions of the young general. In 
1812 he sent his son Sadi to the Polytechnic 
School at Paris; and when the allied armies 
invaded France in 1814, young Sadi took part 
in the defence of the capital, while the 
father heroically defended Antwerp. 

The restoration of the Bourbons was a 
heavy blow to this Republican family, who 
would not take even Napoleon for a master. 
The older man left France, and died in 
exile. But Sadi wanted to show lie inherited 
his father’s genius. He entered the French 
Army, and quickly won a lieutenancy, but 
was forced to send in his resignation in 
1828, through the fierce ill-will of his 
superior officers. The Royalists wanted no 
Carnot in command of the men. But this 
was really a happy event in the history of 
our industrial civilisation. For Sadi Carnot 
was a young man of the highest genius, and 
to keep his mind bright he attacked the 
most obscure problem in science, and 
obtained a solution of the greatest practical 
value. I he founder of the science of thermo- 
dynamics, he studied especially the laws of 
heat, and their applications to the develop- 
ment of the steam-engine, and all prime 
movers in which heat is used. 

His celebrated treatise, “ Reflexions on 
the Motive Force of Fire, and on the 
Machines Proper to Develop this Force ” 
was published in Paris in 1824. No one in 
France paid any attention to it, but in 
England it created a revolution in mechanics, 
which is still far from having lost its force. 
Long after Carnot’s death his fame spread 
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to his native land. One of the results was 
that France then began to lead the way in 
the invention of the next new prime mover 
—the gas-engine. Later on, a young 
Austrian man of science went back to 
Carnot, and astonished the world with the 
invention of the Diesel oil-engine. 

Carnot was struck by the fact that 
only luck and practice seemed to direct the 
gradual improvements of the design and 
construction of steam-engines. He resolved 
to raise this branch of engineering to the 
rank of a science. He began by stating in 
a methodical and general manner the 
problem of the relations between heat and 
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work. He remarked that in all heat-machines 
there is a fall of temperature, such as takes 
place between the boiler and condenser of 
a steam-engine ; and he showed there was 
no transformation of heat into work without 
this fall. He then formed his famous idea 
of a perfect engine that would change heat 
so completely into work that the work could 
be changed back into the amount of heat 
that produced it. He established the limits 
of power of all heat-engines — steam, gas, 
oil, alcohol motors — and then he went on to 
mark out the lines oif which all prime 
movers of this sort could be made to yield 
the fullest practicable sum of work. 
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But all this was only a by-product of 
the splendid genius of Sadi Carnot. Lord 
I Kelvin has said that in his opinion there is 
nothing greater in the whole extent of the 
lomain of the sciences than the work of 
Sadi Carnot. To merit this remarkable 
praise from one of the later masters of 
modern knowledge, the young Frenchman 
must have done something more than found 
the theory of the steam-engine. And he did. 
He struck out, first in his book and then in 
his notes, the two fundamental laws of the 
new science of thermo-dynamics ; and his 
idea of mechanical work is the point of 
departure in modern physics. The new 
science sprang full grown from his mind, 
but lie had not sketched it out, nor com- 
pleted his leading experiments, when he 
was cut off prematurely by cholera on 
August 24, 1832. 

HENRY CAVENDISH 
The First Man to Weigh the Earth 

Henry Cavendish, the most eccentric of 
men and one of the most remarkable of 
chemists, was the grandson of the second 
Duke of Devonshire, and he was born at 
Nice, October 10, 1731. From a school at 
Hackney he went to Peterhouse, Cam- 
bridge, but after studying for three years 
at the university he left without a degree. 
An immense fortune, bequeathed to him 
by an uncle, enabled him to follow his 
own bent of mind ; and for the rest of his 
life he was a cold, retiring, silent man, 
hating even the sight of a woman, and 
absorbed in scientific investigations. In 
his great house at Clapham Common any 
female servant he caught a glimpse of was 
dismissed. His splendid library was housed 
^ome four miles away in London, so that 
persons coming to consult it would not be 
met by him. He is estimated “to have 
uttered fewer words in the course of a 
life of fourscore years than any man who 
ever lived so long — not excepting the 
monks of La Trappe.” 

He was the most wealthy of learned 
men, and the most learned of wealthy 
men. At his death his fortune amounted 
to over a million sterling. He told 
his bankers he would take his money 
out of their hands if they continued to 
plague him about it. His house at Clap- 
ham was as strange as he was. What the 
builder intended for the drawing-room was 
the laboratory, and the next chamber was 
turned into a forge. The upper apart- 
ments were used as an astronomical obser- 
vatory. Very little room was set apart for 


personal comfort. Mr. Cavendish rarely 
did violence to his passion for solitude by 
asking anyone to his house. But if anyone 
dined with him he got a leg of mutton, 
and nothing else. On one extraordinary 
occasion four guests were expected. “ What 
shall I get for dinner, sir ? ” Cavendish 
replied with his unvarying formula, “ A 
leg of mutton; ” “ But that won't be 
enough for five ! ” exclaimed his man. 

0 Then get two legs," was the answer. 

Cavendish’s eccentricities were largely 

due to a morbid shyness. He died, as he 
had lived, voluntarily severing every tie 
of human sympathy. Finding himself near 
his end, he called his servant to his bedside, 
and said, “ Mind what I am going to say. 

1 am going to die. When I am dead — ■ 
but not till then — go to Lord George Caven- 
dish, and tell him. Go ! ” 

Cavendish wanted to die as he lived — in 
solitude. The servant hesitated to leave 
the room, but again was harshly ordered 
to do so. In half an hour he returned, 
and found his master had turned his face 
to the wall and died. 

This strange, passionless, solitary man, 
whose emotions seemed to be quite dried 
up, had a marvellously clear intelligence. 
His published work was of the highest 
order, but it gave an incomplete idea of 
his powers. When the mass of notes he 
left behind him was published it was seen 
that he had been far in advance of the 
science of his time. “ He strove with none, 
for none was worth the strife.” Much of 
what seemed in him the wildest eccentricity 
was merely his method of assuring the 
freedom from little bothers and noise and 
social inanities that disturbed the silence 
in which his mind worked. One of our 
old writers contrasts the silence of an 
Archimedes in the study of a problem 
with the stillness of a sow at her wash, 
but many of the society dandies that 
laughed at the eccentric Mr. Cavendish 
could not distinguish between the twe 
kinds of silence. For even the eighty years 
of life that Cavendish enjoyed seems too 
short for the accomplishing of his manifold 
and great achievements. 

In heat and electricity he made dis- 
coveries that are commonly associated with 
the names of later men who had better 
appliances. He was a profound mathe- 
matician and a fine astronomer When 
Berthelot declared that 11 Chemistry is a 
French science ; its founder was Lavoisier 
of immortal memory,” Sir Edward Thorpe 
justly replied, “ Chemistry is an English 
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science ; its founder was Cavendish of 
immortal memory/ 

Cavendish was the first man to weigh 
the earth. He established the proportions 
of the constituents of the air ; he demon- 
strated the nature of water, and manu- 
factured it from its elements ; and he laid 
the foundation of the study of the laws of 
heat. Earth, air, fire, and water — each 
and all came under the range of his observa- 
tion. This is surely a more remarkable 
fact than that he was a millionaire who 
did not care for money, and dined every 
day off a leg of mutton. 

Cavendish was a natural philosopher in 


i 
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the widest sense of the term, for he occu- 
pied himself in turn with every branch of 
physical science known in his time. But 
it is to his discoveries in chemistry that 
his fame is chiefly due. In his early in- 
quiries he was influenced by the achieve- 
ments of Black. He took up the study of 
carbonic acid gas at the point where Black 
left it, and ascertained it wa$ one and a 
half times heavier than the common air. 
Then he experimented with the lighter 
hydrogen, and, by mixing it with oxygen, 
he made his great discovery of the com- 
position of water. He took a large glass 
globe furnished with a brass cock and an 
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apparatus for firing a 3 r by electricity. He 
exhausted the globe by means of an air 
pump, and then filled it with a mixture 
of hydrogen and oxygen, and fired it with 
his electrical apparatus. * After the explo- 
sion he admitted more of the two gases, 
and at the end of the sixth explosion he 
analysed the contents of the globe, and 
found that it contained water with an acid 
taste. He then traced the taste to the 
presence of nitric acid, due to the im- 
purities of the gases used. 

His discovery marked one of the great 
epochs in the history of chemistry. He 
showed that the most familiar of all liquids, 
which for thousands of years had been 
regarded as the supreme type of a funda- 
mental chemical element, was composed oi 
two colourless, invisible gases— one the 
inflammable hydrogen, the lightest oi 
known substances ; the other, oxygen, the 
life-sustaining principle in the air. 

An ancestor of Cavendish’s was one oi 
the first men to sail round the earth. 
Cavendish himself was one of the first to 
attempt to weigh it. His apparatus con- 
sisted of a light, long wooden rod, sus- 
pended horizontally by a thin wire. At the 
ends of the rod were leaden balls, about 
2 in. in diameter ; and two large round 
masses of metal were so arranged that they 
could be brought close to the apparatus. 
By the mutual attraction of the big and 
little balls, the long rod was made slightly 
to move. The amount of the movement and 
the force necessary to produce it were ob- 
served by Cavendish, together with the 
weight of the balls, and the distances from 
their centres. He was then able to calculate 
what the density of the earth was in com- 
parison with the density of a globe of water 
the same size. He worked it out that the 
earth is about five and a half times heavier 
than water, a result that later investigators, 
using more delicate and intricate appliances, 
have shown to be very near the truth. 
Cavendish died on March 10, 1810 ; and the 
Cavendish Laboratory at Cambridge, in 
which so much fine work has been done, was 
erected in his memory. 

SIR WILLIAM CROOKES 
The Story of a Wonderful Tube 

Sir William Crookes, the eminent physi- 
cist, was born in London on June 17, 1832. 
After a course of study at the Royal College 
of Chemistry, where he became assistant to 
Hofmann, he passed to the superintendence 
of the meteorological department of the 
Radcliffe Observatory at Oxford. Later, he 
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accepted the post of lecturer on chemistry 
at the Science College, Chester. Before he 
was thirty he founded and edited a paper 
devoted to chemistry, and continued in 
control for half a century, while at the same 
time he edited the " Quarterly Journal of 
Science/' From an early age he devoted 
Ids leisure to original experimental research, 
and the results have been of world-wide 
importance to science and the economy of 
daily life. 

His first notable achievement was the 
discovery of a new element, which he named 
thallium"; and while he was still working out 
the story of this metal, and determining its 
atomic weight and properties, he discovered 
the sodium amalgamation process for separ- 
ating gold and silver from their ores. Pur- 
suing his investigations as to thallium over 
a course of years, he presented to the Royal 
Society papers on " Repulsion from Radia- 
tion," which have had an important bearing 
on later scientific developments. 

One result of his investigations led to the 
invention of the radiometer. This, in turn, 
brought him to investigations of the 
conduct of electric discharges through high 
vacua. He had been led thus far, through his 
experiments with thallium, on to his theory 
of repulsion resulting from radiation, from 
that to the radiometer, and thence to his 
famous vacuum tube — all this way simply 
from observing, in the first instance, that 
there remained in the spectrum of sulphuric 
acid a bright green not previously observed. 

Now, for the purposes of examining dis- 
charges of electricity through highly rarefied 
Leases, he was driven to invent higher vacua 
than had ever before been known. By 
greatly modifying the best air-pump in 
existence, he succeeded in reducing the air 
to one-millionth of an atmosphere. Although 
this was the highest vacuum ever reached 
with the air-pump, there still remained a 
omparatively large quantity of air in the 
vessel, so he fashioned a tube shaped like a 
lumb-bell, and sealed up at one end with a 
substance which greedily absorbs water 
vapour and different kinds of gases. This 
absorbing power increases rapidly with 
leat, so that, by means of his tube, he 
obtained a vacuum in which the air or gas 
was reduced to one twenty-millionth of an 
atmosphere. From this tube there pro- 
ceeded developments which not even he 
could have foreseen. 

The new tube gave us the electric light 
or the house and office. Electric lighting, 
>ave by the sire lamp, was impossible until 
Hr William Crdo Ices invented his wonderful 

\ 
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tube. France, which had already awarded 
him a special prize of 3000 francs and a 
gold medal in recognition of his discoveries 
in molecular physics and radiant matter, 
paid him a gratifying compliment when he 
went, by official invitation, to Paris, in 1881. 
to act as a juror at the International 
Exhibition of Electricity. 

Among the exhibits were four systems of 
incandescent lamps, and Sir William, as a 
juror, was, of course, debarred from com- 
peting. The official report of his fellow- 
jurors, referring to the lamps exhibited, 
stated : “ None of them would have 

succeeded had it not been for the extremely 
high vacua which Mr. Crookes has taught 
us to obtain/* 

But, apart from its economic value, the 
Crookes tube was instrumental in shattering 
the old conceptions as to the nature of 
matter. As is shown on page 1027 an( ^ 
succeeding chapters of this work, the whole 
fund of knowledge of radio-activity is 
practically derived from this invention. 
We should still have been in darkness upon 
that vast, fascinating subject but for the 
invention of this now universally adopted 
tube. The results to science and to humanity 
are set out in the pages mentioned, and need 
not be repeated in this place. 

Not inspiration nor brilliant flashes of 
accurate guessing have led Sir William 
Crookes to his results. He has always been 
an untiring worker, and that in many fields 
simultaneously. While engaged in the most 
abstruse researches he was occupied in 
staying a cattle plague, in making daily 
tests of the Thames water used for human 
consumption, in elaborating schemes for 
the manufacture of beet sugar in England, 
in inventing new processes for dyeing and 
calico-printing, in observing solar eclipses, 
in writing or editing manuals on metallurgy, 
assaying, sewage disposal, and in isolating 
new and still newer rare earths and metals. 
He gleans where others have harvested in 
haste. Here is a fine message to his genera- 
tion, as applicable today as it was when he 
uttered it thirty or more years ago : 

"Residual phenomena are hints which 
may lead the man of disciplined mind and 
of finished manipulative skill to the dis- 
covery of new elements, of new laws, 
possibly of even hew forces ; upon un- 
drilled men these possibilities are simply 
thrown away. The untrained physicist or 
chemist fails to catch these suggestive 
glimpses. If they appear under his hands, 
he ignores them, as the miners of old did the 
ores of cobalt and nickel/* 
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THE EFFECT OF THE MOON ON THE SEA IS PERHAPS MOST MARKED OF ALL IN THE POWERFUL 
TIDAL BORE OF FUNDY BAY* NOVA SCOTIA, WHERE THESE PICTURES WERE TAKEN. 

An exhaustive study of the tides was the chief contribution of Sir George Darwin to astronomy 
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ASTRONOMERS 


JOHN COUCH ADAMS— THE MAN WHO 
found worlds by mathematics 

SIR GEORGE AIRY— WHO REORGANISED 
GREENWICH OBSE RVATOHY 

Francois arago— a man of light 

ARCHELAUS— THE MAN WHO DENIED 
THE FLATNESS OF THE EARTH 
ARISTARCHUS— THE MAN WHO FOUND 
THAT THE EARTH REVOLVES 
JEAN S. BAILLY— A SCIENTIST IN THE 
FRENCH REVOLUTION 
FRANCIS BAILY— THE MAN WHO PROVED 
THE ROUGHNESS OF THE MOON 
SIR ROBERT BALL— THE KING OF BRITISH 
ASTRONOMERS 

EDWARD E. BARNARD— MANAGER OF THE 
WORLD’S BIGGEST TELESCOPE 
JOHANN BAYER— AND HIS STAR MAPS 

JOHN COUCH ADAMS 
The Man who Found Wor'.ds by Mathematics 

T ins profound mathematician, who shares 
with Leverrier the honour of the dis- 
covery of the planet Neptune, was born at 
Laneast, a village seven miles from Launces- 
ton, in Cornwall, on June 5, 1819. The son 
of a farmer, his interest in astronomy was 
early aroused by a collection of books on 
that science which his mother had inherited, 
and he began in boyhood to make observa- 
tions of altitude with rude, home-made 
instruments. At school his genius for 
mathematics was unmistakable, and having 
entered St. John’s College, Cambridge, in 
1839, he graduated as Senior Wrangler in 
1843. Already in 1841 he had determined 
to apply himself to the problem of the 
irregularities in the motion of the planet 
Uranus, being justly convinced that the 
study would lead to the discovery of the 
unknown body which was their cause. 

The story of his magnificent success has 
been told in our consideration of the planet 
Neptune. But Adams did much great 
work quite apart from that. Of his many 
mathematical researches the most important 
arc his investigations of the motion of the 
moon about the earth, and of the orbit of 
the Leonid meteors, which give rise to grand 
displays of shooting stars. In the former, 
following up the work of Halley and 
Laplace upon the same subject, Adams was 
able, in 1853, to establish the fact that the 
moon's journey round the earth is under- 
going continuous acceleration, amounting 
to about six seconds in a century. His 
determination of the orbit of the meteors 
was completed in 1867. For honours, 
praise, detraction, controversy, Adams cared 


A. W. BICKERTON— THE MAN WHO THINKS 
THE UNIVERSE IMMORTAL 
JEAN BIOT— -A STUDENT OF LIGHT 
W. C. BOND-A WATCHMAKER WHO 
FOUND SEVENTEEN COMETS ’ 
JAMES BRADLEY— ASTRONOMER ROYAL 
TYCHO BRAHE— WHO WOULD NOT BE- 
LIEVE THE EARTH GOES ROUND 
GIOVANNI CASSINI — THE MAN WHO 
“ WROTE HIS NAME ON SATURN” 

SIR W. CHRISTIE— A MAKER OF STAR MAPS 
AGNES M. CLERKE— A LADY WHO COULD 
MAKE ASTRONOMY PLAIN 
COPERNICUS— A MODEST POLE WHO RE- 
DISCOVERED THE EARTH’S ROTATION 
SIR GEORGE DARWIN-WHO REVEALED 
EARTH’S MOTIONS BY CALCULATION 
W. R. DAWES— DISCOVERER OF STARS 

absolutely not at all, anil was known as a 
humble and sincere man, of vast learning in 
a wide range of subjects. His work received 
abundant recognition, and from 1858 he was 
Lowndean Professor of Astronomy and 
Geometry at Cambridge, where he died on 
January 21, 1892. He was buried in St. 
Giles's Cemetery there, but a portrait 
medallion has been placed near Newton’s 
grave in Westminster Abbey. 

SIR GEORGE RIDDELL AIRY 

The Man who Reorganised Greenwich 
Observatory 

Born at Alnwick in Northumberland, on 
July 27, 1801, the son of an exciseman, and 
educated at Colchester Grammar School 
and Trinity College, Cambridge, Airy was 
distinguished throughout his academic career 
by a prodigious power of memory. All 
through his life, his success was due chiefly 
to his supreme business capacity ; he was 
above all a practical man, caring nothing for 
abstract speculation. An exceptionally 
lucid mind and an almost exaggerated love 
of order combined to give him an extra- 
ordinary power of direction and manage- 
ment. The science of mathematics, of 
which he had a wonderful grasp, appealed 
to him chiefly as a " system of order." His 
interest in astronomy, which was first 
aroused in childhood by the gift of a pair 
of globes, brought him at the age of thirty- 
four to the responsible position of Astron- 
omer Royal at Greenwich, where he kept 
most careful and minute records of observa- 
tions, and made a point of publishing every 
detail of the work dorie. The Observatory 
had been qiost inefficient and in deplorable 
disorder when he took it in hand, but Airy 
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made it a model among institutions of the 
kind. It is to him that we owe the magnetic 
department of the Observatory, founded in 
1838, and the spectroscopic department, 
initiated thirty years later. He was among 
the foremost in developing the application 
of photography to astronomical research, 
especially in the study of sunspots. Though 
his forty-six years of service at Greenwich 
were not marked by any sensational astro- 
nomical discoveries, the thorough work 
which he accomplished in the way of organi- 
sation and of record was more valuable to 
the science than any isolated results, how- 
ever splendid, could have been. Airy was 
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a great observer of eclipses of the sun. 
travelling to Italy for the eclipse of 1842, to 
Sweden in 1851, and to Spain in i860. He 
thrice refused the honour of knighthood, but 
was at last created K.C.B. in 1872. He 
published over five hundred special papers, 
besides eleven volumes on mathematical 
and astronomical subjects. Airy died on 
January 2, 1892, and is buried in Playford 
:hurchyard. His story is told in his 
autobiography. 

DOMINIQUE FRANCOIS ARAGO 
A Man who Faced Pirates io Extend Knowledge 

Arago, a great French astronomer and 
physicist, was bom on February 26, 1786, 
at Estagel, a little town north of the eastern 
end of the Pyrenees. His father was a 
lawyer and a considerable landowner. The 
boy longed for a military career, but his 
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abilities brought him an appointment ir 
1804 on the staff of the Observatory, anc 
he was sent in 1806, with Biot and twe 
Spanish commissioners, to carry out geodetic 
surveys in the Balearic Islands. Theii 
mission resulted in unexpected hardships 
and misadventures. Mistaken by the revo- 
lutionary Majorcans for a spy, Aragc 
narrowly escaped in the disguise 01 a peasant 
and, having reached Algiers, embarked for 
Marseilles. But his return was almost as 
laborious as that of Ulysses. A Spanish 
corsair captured the vessel in which he 
sailed ; a period of imprisonment with 
merciless ill-treatment followed ; and when 
set at liberty, and once more embarked for 
home, Arago was driven by tempest on to 
the African shore, three days' journey from 
Algiers. It was not until 1809 that he 
reached his native shore. He was received 
with acclamation, was elected a member 
of the Academy, though only twenty-three 
years old, and was appointed a professor at 
the Polytechnic School. 

Although no ordinary discoverer, Arago 
was greatest as an interpreter of science. 
His lectures gave a life and a flavour to 
knowledge, which secured for it quite a new 
public, and initiated the era of popular 
interest in scientific matters. On the other 
hand, his studies in electro-magnetism were 
of great value, and he was the first to show 
the relation between the aurora and 
terrestrial magnetism.* His investigation 
of light confirmed the theory, now univer- 
sally accepted, that light consists of vibra- 
tions or undulations in the ether ; and his 
invention of the polariscope was the be- 
ginning of a great advance in the science ol 
optics. Appointed in 1830 perpetual secre- 
tary of the Academy of Science, Arago died 
on October 2, 1853. His “ Autobiography 
“ Lectures," and " Popular Astronomy 
have all appeared in English editions. 

ARCHELAUS 

The Man who First Denied the Flatness 
of the Earth 

Early Greek philosophy, before the days 
of Socrates, was almost exclusively a fan- 
tastic and materialistic cosmology. But 
Anaxagoras of Clazomenae, who settled 
in Athens about 456 B.c., and died in exile 
in 428 b.c., made a great advance when he 
realised that matter alone could not be the 
ultimate reality of the universe, but that 
Mind must be concerned in the ordering oi 
the world. Among his pupils none was 
more distinguished than Archelaus, who was 
the first to deny, from direct observation, 



GROUP 7— DISCOVERERS OF THE UNIVERSE 


the flatness of the earth, which had hitherto 
been generally taken for granted. 

Archelaus had pondered upon the fact 
that the sun does not rise and set at the 
same moment in all latitudes, but that the 
day is longer in summer and shorter in 
winter in Northern regions than it is towards 
the south. Rightly perceiving that this 
inequality in the hours of sunrise and sun- 
set at different latitudes was incompatible 
with a flat or plate-like form for the earth, 
he proceeded to the erroneous conclusion 
that the earth is not spherical, but hollowed 
out like a cup, being high at the rim and 
depressed at the centre. He could never have 
fallen into this mistake if he had known that 
the rising and setting of the sun are earlier 
in Eastern than in Western regions. 

It is not worth while to enter into his 
other cosmological speculations, which were 
as wild and baseless as any which had pre- 
ceded them ; but it is worth noting that the 
demonstration, based on undeniable facts, 
that the earth could not possibly be flat, 
was not long in leading to a sounder hypo- 
thesis than any which Archelaus had been 
able to imagine. For there is no doubt that 
about this period the Pythagoreans began 
to entertain the true belief in the sphericity 
of our globe. 

ARISTARCHUS 

The Man who Found that the Earth Revolves 

Aristarchus of Samos, a Greek philosopher 
who lived in the earlier part of the third 
century b.c., has the peculiar honour of 
having been the first to proclaim the orbital 
motion of the earth round the sun, thus 
forsaking a geocentric for the heliocentric 
view of the solar system. His predecessor, 
Herakleides, had discovered the rotation 
of the earth about its own axis, and had 
described also the heliocentric orbital 
movements of Mercury and Venus, but had 
failed to conceive of our globe as pursuing 
a progressive movement round the sun. The 
illustrious Archimedes, by far the greatest 
mathematician and mechanician of the 
ancient world, was a contemporary of 
Aristarchus, to whose theory he refers in the 
following terms : 

"He supposed that the fixed stars and the 
sun are immovable, but that the earth is 
carried round the sun in a circle.” Plutarch 
again remarks that Aristarchus believed 
“ that the heavens stand still and the earth 
moves in an oblique circle at the same time 
as it turns round its own axis.” Seleukus, 
a Babylonian, who lived about 150. b.c., 
followed Aristarchus in the belief in the 


daily rotation of the earth, if not in its 
annual journey round the sun, but at that 
point the conception of the earth's orbital 
movement disappeared from the mind of 
man for seventeen hundred years. There 
is little doubt that in his own time, and by 
the immediately succeeding generations of 
astronomers, the bold conception by which 
Aristarchus anticipated Copernicus was re- 
ceived with general incredulity, if not with 
horror on account of its impiety. 

Little is known of Aristarchus, and his 
one book which has come down to us, “ On 
the dimensions and distances of the sun and 
moon,” contains no reference to the lofty 



generalisation for which he is now most 
famous. His attempt to estimate the 
distances of the greater and the lesser light 
resulted in the erroneous conclusion that the 
sun is about eighteen or twenty times as far 
from us as the moon is. But it was based 
upon serious observation and calculation, 
for Aristarchus was far ahead of his time. 


JEAN SYLVAIN BAILLY 

A Deserter from Astronomy to Politics who 
was Beheaded 

Born in Paris, on September 15, 1736, 
Bailly attempted in turn the arts of the 
painter, poet, and dramatist, but was not 
long in finding his true vocation as an 
astronomer. An account of his observations 
on the moon, presented to the Academy 
of Sciences, procured for him, in 1763, the 
rank of an academician. Thenceforward he 
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specialised on the study of the satellites of 
the planet Jupiter, and was able in 1766 to 
publish a table of their motions, and later 
an investigation of their variations in 
brilliancy according to their position with 
regard to Jupiter and the position of Jupiter 
relatively to the sun and the earth. But 
literary work had still a great attraction for 
him, and he gradually forsook the observa- 
tory in order to compile a brilliant and 
comprehensive, but not always accurate, 
History of Astronomy, 1775 to 1782. 

With this work his career as an astronomer 
came to an end. Bailly was caught up into 
the storms of the French Revolution, and, 
after enjoying enormous popularity in 1789 
as first President of the States General and 
Mayor of Paris, he quickly declined from 
public favour. Having excited the hatred 
of the mob by his fearless condemnation of 
their false accusations against the Queen 
on her trial, he was arrested in July, 1793, 
and executed on November 12 of tiic same 
year. His own “ Memoires dun Temoin de 
la Revolution ” is an interesting study of 
those turbulent years. His astronomical 
labours, though very limited in amount, 
were of great value to science. 

FRANCIS BAILY 

The Man who Proved the Roughness of the Moon 

It will be remembered that during an 
eclipse of the sun the last view that we 
get of the disappearing edge of the sun's disc, 
and the first view that we get of its re- 
appearance on the other side of the moon, 
are in the form of a crescent ric. series of 
separate points or beads of light. This 
phenomenon, supposed to be due to irregu- 
larities of the surface of the intervening 
moon, is known as Baily's Beads, being 
called after its first observer, Francis Baily. 
Born at Newbury, in Berkshire, on April 28, 
J 774 » s °n of a banker, Baily became a 
London stockbroker, and distinguished him- 
self in that career. But his services to 
astronomy give him considerable rank 
among English men of science. He was first 
attracted to the study of the heavens when 
writing an “ Epitome of Universal History ” 
published in 1813, having made, for the 
purposes of this book, a mathematical com- 
putation of the solar eclipse which was pre- 
dicted by Thales, the early Greek philo- 
sopher. Baily was one of the founders of 
the Astronomical Society, which was con- 
stituted at the Freemasons' Tavern, on 
January 12, 1S20 ; he was the first secretary 
of the society, and had much to do with 
framing its constitution. We have already 
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alluded to his well-known discovery during 
the annular eclipse of the sun on May 15 
1836. This, however, was not his most 
important astronomical work. His skill ii: 
computation and extreme thoroughness ir 
detail gave great value to his labours or 
star catalogues. He revised the catalogues 
of Ptolemy, Tycho Brahe, Halley, Hevelius, 
Flamsteed, Lacaillc, and Mayer, an under* 
taking which entailed an enormous amount 
of work. Each star was calculated with sucli 
care that Baily detected errors which had 
escaped many previous students. He alsc 
wrote an admirable Life of Flamsteed. He 
* died in London on August 30, 1844. 

SIR ROBERT BALL 

A Famous Student and Great Populariser 
of Astronomy 

Sir Robert Stawell Ball was born in 
Dublin on July 1, 1840, son of the well- 
known naturalist Dr. Robert Ball. He 
was educated at Abbott’s Grange, Chester, 
and Trinity College, Dublin, and in 1865 
was invited to take charge of Lord Rosse's 
giant reflector at Parsonstown, where 
many interesting observations were made 
and much valuable work done, especially 
in relation to nebulre. 

In 1867 he was appointed to the Chair 
of Applied Mathematics and Mechanism in 
the Royal College of Science for Ireland ; 
in 1874 was appointed ^Andrews Professor 
of Astronomy at Dublin University,- and 
Director of Dunsink Observatory. From 
1874 to 1892 he held the position of Royal 
Astronomer for Ireland. At Dunsink Pro- 
fessor Ball gave much time to the search for 
stellar parallax. He tested Nova Cygni 
for parallax, and determined that this new 
star must be at least twenty million millions 
of miles distant. He made a sweeping ex- 
amination of the heavens for stars with 
measurable parallaxes, and determined those 
of 1618 Groombiidge and of 61 Cygni. 

In 1874 Professor Ball began his career 
as public lecturer, since which date he has 
lectured with great success in almost every 
important town of Great Britain and 
Ireland, as well as in Philadelphia and 
Boston. He received, in 1886, the honour 
of knighthood, and in 1S92 was appointed 
to his present position as Lowndean Pro- 
fessor of Astronomy and Geometry at 
Cambridge. He has been at different times 
president of the Royal Astronomical Society 
and of the Mathematical Association. 

Sir Robert Ball, who is an extremely 
able and popular writer, has published a 
large number of books on astronomical 



GROUP 7— DISCOVERERS OF THE UNIVERSE 



■SIR ROBERT BALL LOOKING AT THE 11EAV1 
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subjects, which have had an unusually wide 
circulation. Among these may be mentioned : 
“A Treatise on Spherical Astronomy,” 

“ The Story of the Heavens/’ “ Starland,” 

“ In Starry Realms,” “In the High Heavens,” 
“Atlas of Astronomy,” “The Story of the 
Sun,” “The Cause of an Ice Age,” “Great 
Astronomers,” “The Earth’s Beginning,” 
and a “Guide to the Heavens.” 

Sir Robert Ball is a supporter of the 
nebular theory of the universe, but holds 
that the nebula from which the solar system 
took its rise was a small one, comparable 
rather to the planetary nebuke than to any 
of the great nebula, and that the forma- 
tion of the solar system was due to the con- 
densation of the primary nebula as it gave 
out its enormous initial heat. The sun 
and planets represent, under this theory, 
one large and several smaller centres of 
concentration of the primary nebula. 

EDWARD EMERSON BARNARD 
Who Has Managed the World's B.ggest 
Telescopes 

One of the greatest living telescopic dis- 
coverers, Professor Barnard was born at 
Nashville, Tennessee, U.S.A., on December 


:ns from tiie observatory at Cambridge 

i6, 1857. His earliest astronomical studies 
were undertaken alone, but as early as 1883 
we find him in charge of the observatory at 
Vanderbilt University, which position he 
held until 1887. From that year until 1895 
he was in charge of the famous Lick Obser- 
vatory of the University of California ; and 
his observations with the great telescope in 
its extremely advantageous position at 
Mount Hamilton have been of the highest 
astronomical value, especially in the in- 
vestigation of the lunar ” seas,” which were 
clearly proved to be incompatible with the 
idea of real seas of water ; in the study of 
Saturn’s rings ; and in the discovery of 
comets and nebula?. His photographs of 
celestial objects, and especially of nebuke, of 
comets, and of many regions of the Milky 
Way, have added greatly to knowledge of 
the heavens, and many of these have been 
reproduced in the pages of popular science 
by his courteous permission. 

Since 1895 Professor Barnard has been 
in charge of the Yerkes Observatory of the 
University of Chicago, and Professor ot 
Practical Astronomy in that university. 
He is thus connected with the two most 
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famous American observatories, and with 
two of the largest telescopes in the world. 
Professor Barnard has discovered the fifth 
satellite of Jupiter, sixteen comets, and 
many nebulae ; he discovered that Beta 
Capricornis is a double star ; and has made 
many other contributions to science. He 
has received honours and awards from many 
scientific bodies, including the Lalande gold 
medal and Arago gold medal of the French 
Academy of Sciences, and the Janssen 
prize of the French Astronomical Society. 

JOHANN BAYER 

A Man who Made Over Fifty Star-Maps 

Johann Bayer was born at Rain, in 
Bavaria, in the latter part of the sixteenth 
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century, probably about 1572. Educated 
in the principles of the Lutheran Church, he 
became widely known as a bold and eloquent 
speaker, and received the nickname of 
Os Prolestanlium — the “Mouthpiece of 
Protestants.” He was for many years 
prominent in the life of Augsburg. He 
was also a very zealous astronomer, ren- 
dered a particularly useful service to the 
science, and received for his labours a title 
of nobility from the Emperor. 

It was in 1603 that Bayer brought out 
the work for which he is famous, entitled 
“ Uranometria,” or “ Measurement of the 
Heavens.” This contains descriptions of 
the constellations and fifty-one elaborate 
star-charts. Its distinguishing character- 
istic is that here, for the first time, the 
stars in each constellation are separately 
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designated by the letters of the Greek 
alphabet, and, when these have been ex- 
hausted, by the letters of the Latin alphabet. 
The method was at once found extremely 
convenient, and is in use at the present day. 
The descriptions of the constellations are 
clear and the maps are fairly accurate. 
The latter retain the old figures of animals, 
heroes, and other symbols by which the 
constellations have been denoted from 
antiquity. It has been noticed that in 
many constellations the brightest star is 
denoted by the letter beta, or some later 
letter of the alphabet, instead of by alpha, 
and this was formerly thought to show that 
the stars had changed in relative brightness ; 
but Argelander pointed out that Bayer 
began his lettering with the chief stars of a 
constellation in their order from north to 
south, and not in their precise order of 
brilliancy. Bayer’s catalogues are still of 
value, though his work preceded the inven- 
tion of the telescope. He died in 1660. 

A. W. BICKERTON 

The Man who Declares that the Universe is Ever 
Renewing its Youth 

Professor Alexander William Bickerton, 
the originator of the ingenious “ impact ” 
theory of cosmic evolution (sec page 1498), 
which is also sometimes referred to as “ the 
new astronomy,” was born at Alton, in 
Hampshire, on January 7, 1842. Educated 
first at the Alton Grammar School, he passed 
brilliantly through the' Royal College of 
Chemistry, and was senior royal scholar of 
the Royal School of Mines. Although trained 
as an engineer, he was led to devote himself 
exclusively to scientific research. Mr. 
Bickerton early made his mark as an 
educational organiser, originating in 1867, 
under South Kensington, the London 
Technical Classes, which were the germ of 
the present vast development of popular 
technical education in the metropolis. This 
success led to his appointment as organiser 
of the science classes at the Hartley In- 
stitution, Southampton, and this new 
department proved so efficient in preparing 
for the Indian science service that the 
Indian Board decided to make the Hartley 
its Technical Training College. This ar- 
rangement was, however, prevented by the 
establishment of Cooper’s Hill College. 
Mr. Bickerton then decided to leave 
England, ,and, of several appointments 
which were offered, accepted a chair of 
chemistry in New Zealand, which he held 
for nearly thirty years. 

Having arrived, in 1878, at the astronomi- 
cal theory of “ partial impact,” as described 
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I j n the third and thirteenth chapters of the 
! present work, Professor Bickerton wrote 
several volumes on the subject and published 
iis theory widely by means of lectures and 
articles. His views were long neglected by 
scientific authorities, but a sudden rever- 
sion of opinion at last set in. . Sir George 
(irey, Premier and former Governor of New 
Zealand, lent his influence, and funds were 
voted in the House of Representatives to 
send Professor Bickerton to England, where 
he has forcibly advocated his generalisation, 
claiming that the theory “ shows that the 
entire scheme of things is cyclic, in which 
there is birth, maturity, decay, and re- 
juvenescence in planets, suns, and sidereal 
svstems, as well as in organic life, the cosmic 
whole being infinite, immortal, and flawless, 
without evidence of a beginning or promise 
of an end.” The theory of partial impact 
has received much confirmation. 

JEAN BAPTISTE BIOT 

One of the Great Experts in Studying Light 

This eminent French scientist, born in 
Paris on April 21, 1774, was educated for 
the Army, and served in the artillery, but 
was led by scientific interest to leave the 
Service and return to study at the Poly- 
technic School. In 1800, though only twenty- 
six years of age, lie was appointed to the 
Chair of Physics in Paris. He applied to 
Laplace for permission to read the proofs of 
his “Mecanique Celeste,” and the introduc- 
tion thus effected was the beginning of a 
close friendship which was very advanta- 
geous to both. Biot published in 1801 an 
“ Analysis” of the great work of Laplace. 
An unprecedented shower of meteors having 
fallen at I/Aigle, in Normandy, on April 2 b. 
1803, Biot was sent by the Government to 
investigate the phenomenon ; and in the 
same year he was associated in the study 
of gases with Arago and Gay-Lussac. In 
1804 he accompanied the latter in his first 
balloon ascent, and was sent with Arago to 
Spain, two years later, for the purpose of 
measuring an arc of the meridian. 

His most important work was connected 
with the study of optics. His laborious 
and ingenious researches on the subjects of 
the polarisation of light and of double 
refraction are embodied in many papers 
contributed to the Academy of Sciences. 
The most valuable discovery which he made 
was that of the rotatory action of fluids upon 
light. In 1817 Biot visited England and 
Scotland for the purpose of further meri- 
dional observations, carried on chiefly in 
the Orkneys. JEIe died on February 3, 1862. 


WILLIAM CRANCH BOND 
A Watchmaker who Found Seventeen Comets 

William Cranch Bond, the pioneer astron- 
omer of Harvard, was born at Portland, 
Maine, U.S.A., on September 9, 1789. His 
father being a watchmaker, he was edu- 
cated to this trade, but in 1806 an eclipse 
of the sun confirmed his leaning towards 
astronomy, and from that time forth every 
spare moment was devoted to the study of 
the heavens. He built at his home one of 
the first private observatories in America. 

In 1815 he was commissioned by Harvard 
University to visit the chief observatories of 
Europe in order to prepare designs for the 
new observatory which the premier univer 
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sity of America was about to establish ct 
Cambridge. The opening ot this observa- 
tory was delayed for many years owing to 
lack of funds, but an excellent telescope was 
at last erected in 1847. With this instru- 
ment the discoveries of Bond and his son 
were very numerous and of first-class 
importance. They included the discovery 
of the inner dusky ring of Saturn, and much 
information as to the nature of the outer 
rin^s ; the discovery of the eighth satellite 
of Saturn, as well as of Neptune's satellite, 
the latter discovery allowing of the deter- 
mination of the mass of the planet Neptune 
himself. Seventeen new comets were %lsc 
described by the Bonds. 

Bond was one of the first astronomers 
to adopt photographic methods in the 
study of celestial phenomena, and by 
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means of the camera made valuable obser- 
vations of the sun, moon, and stars. With 
their great telescope the Bonds were the first ' 
to succeed in resolving the Orion and the 
Dumb-bell nebulae. They also were the 
first to compute the distances and angles 
of the stars in the Hercules cluster. The 
father died January 29, 1859. 

JAMES BRADLEY 

An Astronomer Royal who Watched the Stars 
from Boyhood 

James Bradley, discoverer of the aberra- 
tion of light, and by some authorities 
ranked as an astronomer with Hipparchus 
and Tycho Brahe, was born at Sherborne, 
in Gloucestershire, in March 1693. He was ' 
educated at Northleach Grammar School 
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and Balliol College, Oxford. It was 
not, however, at school or college that 
he learned to love astronomy, but from 
an uncle, the Rev. James Pound. This 
uncle was a failure as the world counts 
failure, but a most lovable man, who had 
acquired a skill in astronomical observa- 
tion which was unrivalled in his day, so 
that even Halley, then Astronomer Royal, 
and other greet astronomers, used to apply 
to him for measurements and other data. 
Pound cherished a warm affection for his 
nephew, and kept him at his side until his 
death, in 1724. Together they carried on 
the scrutiny of the heavens, and optical 
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experiments in the laboratory, with the 
result that Bradley became one of the 
ablest living observers 

James Bradley’s genius was marked by 
the unusual combination of the most 
scrupulous accuracy with that power of 
wide, far-reaching generalisation which 
finds in the smallest details the working of 
universal principles. His momentous dis- 
coveries of the aberration of light, and of 
the nutation or " nodding ” of the earth’s 
axis, would alone suffice to perpetuate his 
fame among astronomers of all time. The 
fact that, after puzzling over his problem 
for years, lie finally obtained the clue to it 
♦ from seeing the movements of a vane at 
the masthead of a sailing-boat tacking up 
the Thames, is significant of his reccptive- 
ness and alertness. 

Having taken Orders in 1719, Bradley 
held for two years the living of Bridstow, 
in Herefordshire, but relinquished eccle- 
siastical work when appointed, in 1721, 
Savilian Professor at Oxford. The duties 
of his Chair were not exacting ; and as 
Oxford at that time possessed no obser- 
vatory of any kind, he continued to spend 
the greater part of his time with his uncle 
at Wanstead, studying the stars. The old 
man’s death deprived James Bradley of 
much more than a dear relative, but he 
continued to use his uncle’s observatory 
until he joined Molyneux, who had set 
up a telescope at Kew. The two then 
addressed themselves to the search for 
stellar parallax, and it was during the course 
of these observations that Bradley was led 
to the discovery of the aberration of light. 
This lie gave to the world by means of a 
letter to Halley, written towards the end of 
1728, and read before the Royal Society on 
January 9 and 16, 1729. Bradley’s “ con- 
stant of aberration ” remains, with only 
very slight modifications, that which is 
accepted by astronomers of the present day. 

This discovery led him on to his second 
great achievement. With characteristic 
exactness, Bradley discovered that after 
allowing for aberration there still remained 
a cyclical variation which was due neither 
to aberration nor to parallax ; and finding 
that this variation was constant for all stars, 
and that it agreed in its cycle with the 
period of revolution of the moon’s nodes, he 
went on to the discovery of the principle 
of nutation, or deviation of the earth’s axis. 
The latter discovery was announced in 1748. 

In the meantime, Bradley had been 
appointed Astronomer Royal in succession 
to Halley, who died in 1742. He found the 
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observatory at Greenwich in a state of 
shocking neglect, many of the instruments 
being out of date and others out of order, 
for Halley's taste had lain not so much in 
the direction of observation as in that 
of the elucidation of large mathematical 
principles. The new chief, with the help of 
his nephew, John Bradley, soon got the place 
into working order, and uncle and nephew 
carried out there together an extraordinary 
amount of most valuable observational 
work. Bradley had with some difficulty 
obtained the sum of £1000, which was spent 
in equipping the observatory with a mural 
quadrant- -still to be seen in its original 
position — and other necessary instruments. 

Further important labours which Bradley 
carried out can only be mentioned very 
briefly. He computed the orbits of several 
comets at a time when these determinations 
were a novelty, for the periodic return of 
comets had been only recently discovered by 
Halley. He added considerably to our 
knowledge of the revolutions of the satel- 
lites of Jupiter, and by his regular and in- 
comparably skilful observations of the sun, 
moon, planets, and stars supplied a basis 
for the determination of astronomical con- 
stants, from which Bessel prepared his 
great work “Fundamenta Astronomic. ” 

In 1748 Bradley received the Copley 
medal of the Royal Society, and honours of 
all kinds were showered upon him. He was 
made a member of learned societies all over 
Europe. He died on July 13, 1762, and 
was buried at Minchinhampton. 

TYCHO BRAHE 

A Great Astronomer who Would Not Believe 
the Earth Goes Round the Sun 

On December 14, 1546, three years 
after the death of Copernicus, and sixty- 
three years before Galileo's invention of the 
telescope, the great Danish astronomer 
Tycho Brahe was born, of a noble family, 
at Knudstrup, his father’s estate in the 
south of Sweden, which at that time was a 
province of Denmark. Tyge — for that 
was his real name — was the son and heir 
of a privy councillor who held high offices 
of State, but at the age of one year the 
infant was kidnapped, by a wealthy, child- 
less uncle, an admiral, who longed for a 
boy to bring up as his own. Tycho's 
parents were soon reconciled to the arrange- 
ment, and the boy received an excellent 
education, proceeding to the universities 
of Copenhagen and then of Leipzig, in 
order to qualify for the political career to 
which his guardian had devoted him.. But 
Tycho's affections were soon called to the 


starry heavens, from which they never 
returned. An eclipse of the sun, on August 
21, 1560, was the beginning of his astrono- 
mical career. He had already dipped into 
astrology, and played with its fanciful 
predictions, but the scientific knowledge 
which could foretell the precise moment 
of the eclipse* impressed him as no less 
than divine. Under every discouragement 
the boy studied the sky when his tutor was 
asleep, and by the age of sixteen had 
arrived at far-rcaeliing conclusions which 
were soon to revolutionise the science. 
Kepler, his great successor, has recorded 
that “ the restoration of astronomy by 
that phoenix of astronomers, Tycho, was 
first conceived and determined on in the 
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year 1564.” His leading idea was an 
unremitting course of the most accurate 
possible observations, in order to reveal 
the nature of planetary motions and the 
structure of the solar system. 

After residence at the universities of 
Wittenberg and Rostock, which were seeth- 
ing with the revival of science, Tycho 
settled at Augsburg, where he constructed 
a huge quadrant, of nineteen feet radius ; 
and after the death of his father, in 1571, 
he removed to Heridsvad Abbey, near 
Helsingborg, formerly a monastery, but 
now the home of an uncle. Experiments 
in alchemy had begun to distract him. 
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when an astounding celestial portent re- 
called him to a life-long devotion. He 
was in his twenty-seventh year when, on 
November n, 1572, returning from the 
laboratory to the house for supper, he was 
aware of an excessively brilliant star in 
Cassiopeia, where none had been known 
before. For eighteen months, as the new 
star declined in brightness, he continued to 
study it ; and having written an account of 
it, under the title 44 Dc Nova Stella/' was 
ersuaded at last to publish it, for he was 
eld back by the prejudice that it was 
improper for a nobleman to write books. 
The little volume, now very rare, besides 
astronomical facts, contains much grandiose 
moralising in Latin verse, and predictions 
of 44 wars, seditions, captivity, and death 
of princes and destruction of cities, together 
with dryness and fiery meteors in the air, 
pestilence, and venomous snakes.” Strange 
amalgam of science and nonsense ! 

Improper as it was for a nobleman 
to turn astronomer and write books, it 
was worse to take a peasant girl for his 
comrade, and worst of all that the 
legitimacy of their children was at least 
doubtful. Tycho was hopelessly improper, 
and was besides of an exceedingly arrogant 
and overbearing temper, so that he soon 
found it desirable to live elsewhere than 
among his own people. King Frederick II., 
however, unwilling to lose so rare an 
ornament to his country, persuaded the 
fastidious astronomer to accept the gift 
of an island, together with means to build 
a home and observatory. So it was on the 
island of Hveen, protected by the waters 
of the Sound from social impertinence, 
that Tycho Brahe carried out most of his 
life’s work. Complicated difficulties, due 
chiefly to his own fault, drove him from 
the island in 1597. He left Denmark for 
ever, and, after an unsettled interval, he 
found protection and a salary from the 
German Emperor, Rudolph II., who also 
gave him for a home the royal castle of 
Benatky, twenty-two miles north-east of 
Prague. Here Johann Kepler, whose fame 
was ultimately to be no less than that of 
Brahe himself, joined him in 1600, as one 
of his several assistants ; and in the same 
year Tycho removed, with his instruments, 
to the city of Prague. He died on Octo- 
ber 24, 1601, and was buried in the 
Teynkirche, having left to Kepler the 
enormous records of his observations. 

Tycho Brahe was indeed 44 a king among 
astronomers.” His unrelenting mind carried 
forward the boundaries of the science in 
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every one of its provinces, initiating that 
deliberate and sanguine campaign of in- 
vestigation of which no one can foresee the 
end. Nevertheless, he was a man of his 
time. He was in the habit, for instance, of 
casting the horoscopes of his friends, and 
some of these were fulfilled in detail with 
astonishing accuracy. 

He was impeded by a too literal deference 
to the words of Scripture, as well as by a too 
easy acceptance of popular prejudices, sc 
that although the great work of Copernicus 
was famous before he was born, Tycho 
Brahe maintained to the end that the earth 
was at rest, the fixed centre of the physical 
universe. His own system (for he rejected 
the Ptolemaic equally with the Copernican) 
came to him 44 as if by inspiration,” in 
1583. Dr. Dreyer, Brahe's biographer, 
represents it as follows. 44 The earth is the 
centre of the universe, and the centre of the 
orbits of the moon and the sun, as well as of 
the sphere of the fixed stars, which latter 
revolves round it in twenty-four hours, 
carrying all the planets with it. The sun is 
the centre of the orbits of the five planets, of 
which Mercury and Venus move in orbits 
whose radii are smaller than that of the 
solar orbit, while the orbits of Mars, Jupiter, 
and Saturn encircle the earth.” Dr. Dreyer 
remarks that 41 this system is in reality 
absolutely identical with the system of 
Copernicus, and all cpmputations of the 
places of planets are the same for the two 
systems,” yet the fact that Brahe was kept, 
by really puerile considerations, from ac- 
cepting the conclusions of his great pre- 
decessor is one of the puzzles of that way- 
ward instrument the human mind. 

Tycho Brahe's positive achievements were 
of vast extent ana variety, and coupled with 
his princely way of life on the island gave 
him an immense and somewhat mysterious 
reputation. In the first place, he was a very 
ingenious inventor and improver of astrono- 
mical instruments and methods of observa- 
tion, owing to his passion for minute 
accuracy, for before his time observations 
had been comparatively casual in character. 
Beginning as a boy with a simple pair of 
compasses, held out at arm's length, to 
measure the distances between stars, he 
elaborated, as the years went on, instru- 
ments far more efficient than had been 
known before, and published in 1598 a 
folio volume, 44 Mechanica,” illustrated by 
woodcuts of his equatorial armillae, quad- 
rants, sextants, ana other apparatus. One 
of his minor but most useful devices was the 
invention of 44 transversals,” to increase the 
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minuteness with which a position on the 
arc of an instrument may be read. This 
is but one example of countless ingenious 4 
contrivances that have come down to us 
from the island workshops, where many 
skilled hands carried out the ideas of the 
master. Even Tycho's books , were set up 
and printed under his own supervision. 

Of all his astronomical labours, perhaps 
his great catalogue of the positions of over 
one thousand fixed stars was the most 
ambitious. No considerable advance in 
mapping the skies had been made since Pto- 
lemy’s catalogue, which had been made four- 
teen centuries before, and was perhaps little 
more than a compilation from the yet more 
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ancient observations of Hipparchus. Hav- 
ing determined with the utmost possible 
accuracy the positions of a few standard 
stars, Tycho measured the positions of all 
the others in relation to these ; and although 
his results have, of course, been superseded 
by the far more accurate and extensive 
labours of modern observatories, he estab- 
lished a solid basis for astronomical re- 
search that was of the greatest value to 
his successors. In his book on the great 
comet of 1577, which he boldly entitled 
“ Introduction to the New Astronomy," he 
uot only demonstrated the fact, previously 
uncertain, that comets are celestial bodies, 
and not atmospheric phenomena of some 
kind, but also speculated profoundly, 
though oftenjerroneously, upon the structure 
\ 
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of the heavens. His studies also included 
determinations of the complex movements 
of the moon, of the solar parallax, of re- 
fraction, and especially of the movements 
of the planets — the subject which most 
deeply interested him from boyhood to the 
day of his death. But the actual deter- 
mination of the planetary orbits was re- 
served for his loyal assistant and constant 
admirer, Kepler 

GIOVANNI DOMENICO CASSINI 

A Man who “Wrote His Name on Saturn** 

Cassini, one of the greatest of the early 
telescopic observers, and an all-round as- 
tronomer of much power, was born on June 
8, 1625, at Perinaldo, near Nice. Having 
studied under the J esuits at Genoa, he was 
appointed, at the age of twenty-five years, 
professor of astronomy at Bologna, the 
most illustrious of Italian universities. His 
great reputation, gained chiefly by his 
studies of the planets and their satellites., 
secured for him appointment as the firsl 
director of the newly established Observa- 
tory of Paris, and in 1673 he was naturalised 
a French subject. For four generations 
the family of Cassini succeeded one anothei 
in this distinguished office. Most o: 
Cassini's important observations were mad( 
in France, though his calculation of th< 
period of Jupiter’s rotation and his ob 
servations of the transits of the gian 
planet’s satellites, as well as his determina 
tions of the rotation periods of Mars am 
Venus, belong to his earlier life at Bologna 

Cassini's discoveries were numerous be 
cause he worked in a field which was stil 
comparatively new to telescopic research 
They include four of Saturn's satellites 
only one satellite having been ascribed t 
this planet before his time ; the discover 
of the double character of Saturn's rings 
the belt being divided by what came to b 
known as “Cassini's division," and th 
eighth satellite of Jupiter, known a 
Iapetus. The Saturnian moons were dis 
covered between 1671 and 1684, Iapeti 
in 1671, and the division between Saturn 
rings in 1675. 

But Cassini carried out also many oth( 
important works, including a most laborioi 
and accurate chart of the surface of tl 
moon, showing the craters, seas, rills, ray 
mountains, etc., as clearly as was possib 
with the instruments of his time ; tables < 
Jupiter's satellites and their revolutioi 
round the planet ; the elaboration of 
complete theory of the laws of variati< 
of the moon's axis, approximating ve: 
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nearly to the values now ascertained ; and 
the completion of the meridional line from 
Paris to Rousillon. It was chiefly at 
Cassini’s instigation that the famous ex- 
pedition was sent out to Cayenne, which 
succeeded in establishing the fact that 
gravity decreases in value from the Poles 
to the Equator, so that the same object is 
heavier in higher latitudes than it is in 
lower latitudes. He was one of the earliest 
% observers of the zodiacal light, and also one 
of the first to measure the sun’s parallax. 
He died at the Observatory of Paris on 
September n, 1712. 


SIR WILLIAM CHRISTIE 

Astronomer Royal and a Great Maher of 
Star Maps 

Sir William Christie, the late Astrono- 
mer Royal and Director of the Greenwich 
Observatory, was the eighth to hold that 
office since its foundation in 1675. The 
appointment is made by the Prime Minister 
in power when it falls vacant, and is held 
by warrant under the Royal sign manual. 
Sir William Christie is grandson of James 
Christie, founder of “ Christie's,” and son of 
the late Samuel Hunter Christie, professor 
of mathematics at Woolwich Military Ac- 
ademy, and a well-known student of the 
conductivity of metals, and of the influence 
of temperature on the magnetic needle. 

Born at Woolwich, in 1845, Sir William 
Christie was educated at King’s College 
School, whence he proceeded to Trinity 
College, Cambridge, and graduated there in 
i8f)8, being bourth Wrangler. Two years 
later he joined the staff of the Royal 
Greenwich Observatory as chief assistant 
a° Air y» whom he succeeded as 

Astronomer Royal in 1881. During his 
tenure of office until 1910 the work done 
at the observatory increased enormously, 
and the organisation and administration of 
this great astronomical centre was a task 
requiring exceptional powers and energy. 
Sir William Christie has published many 
papers on various astronomical subjects 
in the Proceedings of the Royal Society,” 
and has revised Groombridge s Circum- 
polar Catalogue. 


AGNES MARY CLERKE 
A Lady who Could Make Astronomy Plain 

Agnes Mary Clerke was bom at Skib 
bercen, county Cork, on February 10 
X * 4 2 V Her father was a bank manager 
and from him she inherited her taste f 0 ] 
astronomy. She studied astronomy fron 
the age oi twelve and tlioueh never t 
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practical astronomer, obtained such a clear 
and comprehensive understanding of the 
subject as gives to her books an exceptional 
value. Added to this, they are written in a 
popular, lucid, and simple style, making the 
difficult scientific problems of interest to 
the general reader. 

Between 1867 and 1877 Miss Clerke and 
her sister resided in Italy, chiefly in 
Florence ; and during this time her first 
astronomical essay was written — a paper 
called “ Copernicus in Italy.” It was 
printed in the ” Edinburgh Review,” April, 
1877. In 1 877 the family settled in 
London. In 1888, on the invitation of Sir 
David and Lady Gill, she went to South 
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Africa, and spent three months at the Cape 
Observatory, where a telescope and a spec- 
troscope were set apart for her use ; and 
during this visit she made considerable 
observations of various stars. 

Her most important books, all three of 
which have become standard works, are : 

A Popular History of Astronomy in the 
Nineteenth Century,” published 1885 (last 
edition, 1902) ; “ The System of the Stars,’ 1 
published 1890 (second edition, 1905) ; and 
Problems in Astrophysics,” published 
1903* Other smaller books are : “ The 
Hcrschels and Modern Astronomy ” (1805), 
Astronomy” (1898), “ Modern Cosmo- 
gonies (1905). She also contributed many 
papers to the “ Observatory Magazine.” 
in 1892 she was awarded the Actonian 
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prize of a hundred guineas lor her writings. 
In 1003 she was elected honorary member of 
the Royal Astronomical Society. She died 
at South Kensington on January 20, 1907. 

NICOLAS COPERNICUS 

'A Modest Pole who Rediscovered the Earth’s 
Rotation 

Aristarchus, the ancient Greek philo- 
sopher, had recognised that the daily 
rotation of the earth, and its orbital journey 
round the sun, afforded the simplest ex- 
planation of the apparent movements of the 
starry heavens. His pronouncement was, 
however, rejected by his contemporaries 
and successors, and the central fact of 
astronomy lay hidden in oblivion for 
seventeen centuries, until rediscovered by 
Niklas Koppernigk, who was born near the 
shores of the Baltic on February 19, 1473. 

Copernicus -for w T e shall keep to the 
Latin form of his name — was the son of a 
wealthy merchant at Thorn, on the banks of 
the Vistula. He proceeded at the age of 
eighteen years to the University of Cracow, 
where he was taught the Ptolemaic astro- 
nomy which had so long reigned un- 
questioned ; and in 1496 entered on a long 
course of various studies at the most famous 
Italian universities — Bologna, Rome, Padua, 
Ferrara. He returned to his Northern home 
in 1506, probably with a universal grasp of 
the knowledge of his time. 

All this was, of ’course, at a period of 
extraordinary intellectual and spiritual 
fervour. Almost simultaneously, scholars 
had discovered the ancient world, and 
mariners and adventurers the new ; and the 
change which Copernicus experienced from 
the low, cold, misty plains of the Baltic to 
sunny and opulent Italy, then at the height 
of her splendour, would be to him hardly 
distinguishable from that tremendous his- 
toric liberation by which the human spirit 
became once more aware of the majesty and 
wealth of its earthly home. Having seen 
men and cities, and educated with a width 
and depth for which our modern specialised 
learning is perhaps a poor substitute, 
Copernicus, Doctor of Canon Law, and 
appointed a canon of the cathedral at 
Frauenburg, on the Baltic coast, took up his 
principal residence in that city for the rest 
of his life, and won an enviable reputation 
as an administrator, judge, physician, and 
social reformer. With all that side of his life, 
honourable as it was, we are not here con- 
cerned, but we may regret the days when 
the world’s great men were all-round men, 
and therefore so much the greater. 


During the thirty-seven years from his 
establishment at Frauenburg until his death 
on May 24, 1543, Copernicus was absorbed in 
the profoundest problems of astronomy, and, 
notwithstanding his reticence and modesty, 
was early known as ail authority on that 
science, so that his opinion was invited 
when the reform of the calendar was under 
review by the Lateran Council in 1514. 

He made many astronomical observations, 
directed chiefly to the more accurate deter- 
mination of planetary orbits and of eclipses 
of the sun and moon, but his work lay rather 
in meditation and calculation than in 
observation. He became more and more 
impressed by the intolerable complexity 
of the movements which the Ptolemaic 
system inevitably ascribed to the planets, 
and came to the conclusion that all these 
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incredible complications must be due to some 
radical error in the way which men sought 
to understand these orbital motions. 

With this problem in his mind, he found 
references in the works both of Cicero and of 
Plutarch to an ancient conjecture that the 
earth itself might be in motion, and in 
testing that hypothesis found that a daily 
rotation of the earth on its own axis, and 
its annual revolution round the sun, were 
in themselves sufficient to account for the 
spinning of the heavens round the Poles, 
and the apparently perverse anomalies in 
the course of the planets. 

“ And thus," he wrote in the dedication of 
his great work, “ after long and careful 
observation, I have found that when the 
movements of the other planets are referred 
to the circulation of the earth, and are 
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Computed for the revolution of each star, 
not only do the phenomena necessarily 
follow therefrom, but the order and magni- 
tude of the stars, and all their orbs, and the 
heaven itself, are so connected that in no 
part can anything be transposed without 
confusion to the rest and to the universe." 
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Copernicus incorporated his theory in a 
work, entitled “ Do Revolutionibus Orbium 
Ccelestimn,” of which the manuscript was 
completed in 15.50. It was not, however, pub- 
lished until 15.pi, and Copernicus received 
the first printed copy on the day of his 
death. The work was dedicated to a Pope, 
and a cardinal had long urged its publica- 
tion, but the reluctant author had held it 
back for years, dreading the popular 
clamour which his bold speculations were 
sure to arouse. Its advent was heralded, 
however, by a short summary of the 
system, prepared by Copernicus and circu- 
lated in manuscript, as well as by a book 
written by Rheticus, an enthusiastic disciple, 
and published in 1540. 

Dr. Dreyer, the historian of planetary 
systems, sums up the contribution of Coper- 
nicus to knowledge in the following words. 

Copernicus not only showed that the 
assumption of the annual motion of the 
earth round the sun would explain in a very 
simple manner the most glaring irregularities 
in the motions of the planets, but he built 
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up a complete system of astronomy thereon 
a system capable of being further developer 
as soon as an indefatigable observer hac 
perceived the necessity of cross-examining 
the heavens in a persevering manner." 

The Copernican theory involved far tor 
profound a revolution in man's estimate 0 
his own place in the universe to win earl) 
or easy acceptance. Even so great at 
astronomer as Tycho Brahe rejected il 
utterly. Yet its audacity and simplicity 
attracted the attention of every astronomer 
the public mind became gradually familiar 
iscd with it ; and the magnificent work o 
Kepler, in purging the system of Copernicus 
from its remaining errors, and in revealing 
the true laws of the motions of the planets 
set the question finally at rest. 

SIR GEORGE HOWARD DARWIN 
Who Revealed the Earth's Motion by Calculation* 

Sir George Darwin was born at Down, ir 
Kent, on July 9, 1845, the second son of the 
illustrious Charles Darwin and Emma 
granddaughter of Josiah Wedgcwood. He 
was placed at school at Clapham under the 
Rev. Charles Pritchard, who afterward! 
became professor of astronomy at Oxford 
He proceeded, in 1864, to Trinity College 
Cambridge', where he graduated, in 1868, as 
Second Wrangler, and in the same yeai 
was electee! to a fellowship at Trinit) 
College. He was called to the Bar in 1874 
but, not having the physical health neccssan 
for that life, soon returned to Cambridge 
and threw himself into the profoundesi 
mathematical problems of astroYiomy. He 
had already published a statistical inquiry 
into the effects of the marriages of first 
cousins, but his numerous scientific papers 
now dealt chiefly with problems of the 
mutual effects of celestial bodies revolving 
round one another ; with the evolution o 
our solar system ; and specially with the 
history of the relation between the eartl 
and the moon. He was not an astronomica 
observer ; His work consisted of abstruse 
calculations in his study at Newnhan 
Grange, his home at Cambridge. In 18 &2 
lie was elected to the Plumian Chair of As- 
tronomy and Experimental Philosophy, and 
was re-elected, in 1884, a fellow of Trinity. 

His name is principally associated wit I 
the mathematical investigation of tides 
their laws, and their effects. The problerr 
of tides had already attracted the attentior 
of Newton and Laplace, and Lord Kelvir 
had devoted much work to the subjecl 
before Darwin took it up and elaborated 
it to a point far beyond any which his pre- 
decessors had reached. Throughout all his 
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work on tides he was closely associated 
with Kelvin, to whom he dedicated the 
collected edition of his scientific papers. 

This tidal study developed in two direc- 
tions. It had its practical value, as affording 
further insight into the nature of the tides 
in the open ocean and along the coasts and 
in channels, and as facilitating the pre- 
diction of tides ; and on this department ol 
his work Darwin communicated severaf 
papers to the British Association, in 1883 and 
successive years. On the other hand, it had 
its astronomical value, as affording insight 
into a factor which Darwin has taught us 
to regard as of great importance in cosmic 
evolution. It had been recognised since the 
days of Kant, who was the first to draw 
attention to the matter, that tidal friction 
must act as a brake, retarding the rotation 
of the earth and thus lengthening the day. 
But it was evident also, since action and 
reaction are equal, that the loss of energy 
occasioned by tides must be borne in part 
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by the tide-raising body — in our case, the 
moon — and that its orbit must be in course 
of time affected. Airy had worked a good 
deal at this problem with little result, 
but Darwin was able to show, by graphical 
methods of his own devising, that the moon 
is, up to a certain point, gradually driven 
away from the earth by these tidal effects ; 
and was abletoestimate that fifty-seven 

\ 

\ 


million years ago the moon and the earth 
formed one body, rotating in five and a half 
hours. He published, in 1901, an admir- 
able popular work on tides and their effects 
in the solar system. 

Darwin served for many years on the 
Meteorological^ Council, and later on the 
Government's* Meteorological Committee, 
and was much consulted by the India Office 
on problems connected with surveys in the 
north of India, where the gravitative effect 
of the Himalayas introduces difficulties. 

His “ Collected Scientific Papers ” were 
published by the Cambridge University 
Press in 1907 to 1911. He died at Cam- 
bridge on December 7, 1912. 

WILLIAM RUTTER DAWES 
A Discoverer of Double Stars 

This great discoverer of double stars was 
born on March 19, 1799, at Christ's Hos- 
pital, London, where his father taught 
mathematics. The father was appointed 
Governor of Sierra Leone, and the boy 
was sent, in 1807, to live with Thomas 
Scort, author of a famous commentary on 
the Bible. Dawes was intended for the 
Church, but preferred to study medicine, 
and even practised for a time. But the 
parson was in him, after all ; and when he 
began to observe the stars he was minister 
of a small Nonconformist chapel at Orms- 
kirk, in Lancashire. Here he had set up 
for himself a small observatory with a 
good, though not a large, telescope. In 
1839 he went to take charge of the private 
observatory at South Villa, Regent’s Park ; 
and in 1844 he moved again,. to Camden 
Lodge, near Cran brook. After a period 
of ill-health he began observing again at 
Wateringbury, near Maidstone, and removed 
once more to Hope field, Haddenham, where 
he died, on February 15, 1868. 

Dawes was an enthusiastic and very 
methodical observer. But his peculiar 
success can hardly be understood -unless 
we credit him with extraordinary powers 
of vision. He distinguished a great number 
of stars, previously supposed to be single, 
as double stars, and discovered many 
comets. From the first fie used to send 
his results to Sir William Herschel. He 
was the first Englishman to see, on No- 
vember 25, 1850, Saturn's inner dusky 
ring, that was also discovered independ- 
ently by Bond in America. He was a 
great student of Mars, and his drawings 
show " canals " before these were ever 
spoken of. The wedge photometer, for 
proving magnitudes of stars, was his. 
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THOMAS GEORGE BONNEY 
A Microscopic Examiner of Rocks 

P rofessor Bonney, one of the greatest 
living British geologists, was born at 
Kugcley, in Staffordshire, on July 27, 1833. 
His father was master of the grammar 
school there, and vicar of a small parish 
five miles away. The boy was an ardent, 
self-taught student of natural science and 
a keen collector of fossils. Educated at 
Uppingham and at St. John’s College, 
Cambridge, where he graduated brilliantly, 
both in the mathematical and classical 
Tripos, Mr. Bonney went abroad for his 
health in 1856, and spent some time in 
Switzerland. A second journey to the Alps 
in 1858 fixed his love for this region, and 
ever since he has visited it frequently, and 
has published several books on it of high 
scientific value and much general interest. 
Mathematical master at Westminster 
School from 1856 to 1861, he took Orders in 
1858, and in 1861 returned to his college 
as Junior Dean. At Cambridge he did 
much to advance the study of natural 
science, and to increase the honour in 
which that department of learning was held. 

Mr. Bonney soon became recognised as 
an authority on geology, and in 1869 he 
was appointed lecturer in that science. His 
devotion as a. tutor is remembered by all his 
old pupils. Especially he impressed upon 
them the only , real way of learning, by 
hard work at first-hand with the materials 
of their study ; and after the labours of 
the term he would take groups of them 
away to study the rocks in remote parts of 
the British Isles. Elected Professor of 
Geology in University College, London, in 
1877, and secretary to the British Associa- 
tion in 1881, Mr. Bonney worked for his 
London pupils ^as he had done for those’at 
Cambridge, but under great difficulties for 
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lack of equipment. He became President of 
the British Association in 1910. 

Professor Bonney’s geological work has 
been of wide scope and varied character. 
He was one of the pioneers in the micro- 
scopical examination of rocks, which has 
proved .itself a most fruitful method. As a 
student, especially in Switzerland, of glacial 
action, he has resisted what he considers the 
extravagant estimate of the influence of ice 
in the formation of lakes and other surface 
features. He has devoted special study to 
the much debated question of the origin of 
coral islands and reefs, and was chairman 
of the Coral Reefs Committee appointed by 
the Royal Society. His investigations of 
the diamond have shown the origin of that 
stone in a rare igneous rock known as 
eclogite. His “ Outline of the Petrology 
and Physical History of the Alps," read 
before the Geologists’ Association in 1897, 
is an example of masterly generalisation. 

Besides an intimate knowledge of the 
Alps, in which he has few rivals, Professor 
Bonney has gained acquaintance, in his 
geological travels, with the Pyrenees, and 
many parts of France, Italy, Scandinavia, 
Denmark, Germany, and Canada. Having 
resigned his professorship in 1901, he re- 
turned, in 1905, to Cambridge, there to 
continue literary and scientific work. 

LEOPOLD VON BUCH 
A Champion of Fire Against Water 

Leopold von Buch, one of the greatest of 
German geologists, was born at Stolpe, 
in Pomerania, on April 26, 1774, of a noble 
and wealthy family. His inborn passion, for 
the study of Nature was shown from his 
earliest years. Proceeding at the age of 
sixteen to the Mining Academy of Freiberg, 
he lived there in the house of Professor 
Werner, a famous mineralogist and teacher, 

4487 


HARMSWORTH POPULAR SCIENCE 


and formed a lifelong friendship with the 
illustrious Humboldt, who was a fellow- 
student. During this time, and his suc- 
ceeding courses of study at Halle and 
Gottingen, Von Buch investigated the 
neighbouring regions, and, after holding for a 
few months a Government appointment, 
regained his liberty in 1797 to give his life to 
geological travels. 

Among the regions through which he 
wandered, studying the rocks, were Silesia, 
in 1796 ; the Alps, Italy, and especially the 
neighbourhood of Home and of Naples, in 
1798 ; the Canton of‘Ncuchatcl and the Alps 
and Jura Mountains, from 1799 > Auvergne, 
in 1802 ; Naples, in 1805, where, with Gay- 
Lussac and Humboldt, he saw Vesuvius in 
eruption ; the following year, until 1808, in 
Norway and Lapland ; then for some years 
in the Alps again ; to the Canary Islands, in 
1815 ; Scotland, for the West Highlands, 
and especially Staffa and Fingal’s Cave, in 
1817 ; then almost every year to the Alps, 
though occasionally to other parts of 
Europe. He lived in Berlin, where he was 
socially of the highest rank, and had great 
influence ; and there, on March 4, 1853, he 
died. Professor von Zittel, describing Von 
Buch’s travels, says : “ Most of his Alpine 
journeys were accomplished on foot. Clad 
in short breeches, black stockings, and 
buckled shoes, the pockets of his black 
coat stuffed with notebooks, maps, and 
geological tools, his tall, imposing figure was 
bound to attract attention. His travelling 
luggage was limited to a fresh shirt and a 
pair of silk stockings. His physical en- 
durance was only surpassed by his iron 
determination, which could overcome all 
difficulties and discomforts. Socially, he 
was everywhere beloved ; his aristocratic 
bearing, his mastery of foreign languages, 
his wide knowledge of science and literature, 
all combined to make him one of the most 
agreeable companions.” 

Von Buch was a geologist with a 
universal interest in his favourite science, 
but his greatest contribution to it was the 
demonstration of the part which igneous 
and volcanic action had played in the 
formation of the rocks. Werner, his friend 
and teacher, had unduly extended the im- 

C ortance of aqueous action, regarding 
asalt, for instance, as a sedimentary de- 
posit, and explaining volcanic activity 
as due to the combustion of deep-seated 
coal. Again, Werner regarded mineral 
veins 11. rocks as due to the descent, from the 
surface of the earth, of water loaded with 
minerals in solution. This Neptunian theory 
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had a great vogue in Germany, but was dis- 
proved, or, rather, restricted to its right 
place, by the labours of Humboldt in 
Central and South America, and of Von Buch 
in Europe and the Canary Isles. But 
Von Buch’s many papers and books dealt 
also with the most varied geological 
questions. His geological map of Germany, 
involving enormous labour, is a classical 
work. “ Through Norway and Lapland,” 
besides descriptions of the rock strata, 
includes studies of the climate of those 
regions ; of the raised beaches of Scandi- 
navia, which he regarded as due to a 
rising of the coast, and not to a falling of the 
sea-level ; and of the Scandinavian rocks 
from which the ice had brought boulders 
to the German plains. “ A Physical De- 
scription of the Canary . Islands ” is a 
profound study of volcanic action that has 
there been at work on a vast scale. Many 
of his later papers are devoted to the fossil 
forms of ancient molluscs. 

Leopold von Buch wrote of the scenes 
he interpreted in a peculiarly vivid 
and picturesque way. He was a great 
mineralogist, but was far more than a dry- 
as-dust breaker and classifier of stones. He 
was artist as well as scientist, and scenery 
and geology were for him a living , unity, 
so that landscape became significant of the 
structure of the rocks. This power o* vision 
is reflected in his literary vigour. 

THOMAS CROWDER CHAM BERLIN 
An American Student of Glacier* 

One of the most accomplished American 
geologists, Professor Chamberlin, was 
born near Mattoon, Illinois, on September 
25, 1843. He graduated at Beloit College 
in 1869, and after four years as a teacher in 
the normal school at Whitewater, Wiscon- 
sin, was appointed to the Chair of Geology 
at Beloit, which he held from 1873 to 1882. 
From 1885 h e was for two years Professor 
of Geology at the Columbian University, 
Washington, and was then appointed 

resident of the University of Vnsconsin. 

ince 1892 he has been Professor of Geology 
in the University of Chicago, and since 1902 
has been connected with the Carnegie 
Institute as investigator of geological prob- 
lems. He accompanied, as geologist, the 
Peary Relief Expedition of 1894. 

America has learned much from Europe 
in the way of science, but the indebtedness 
is by no means only on one side ; and the/ 
Old World owes the modem science of 
physiography to the labours of the New. 

It was in the wide plateaux of America/ 1 
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says Professor von Zittel, historian of geo- 
logy, “ that the first signal successes of 
physiographical geology were won. . . . 

By their vivid portrayal of the work of 
subaerial denudation the American writings 
roused the intellectual life of the middle 
of the century to new conceptions on a 
grand scale. The gigantic erosion-forms in 
the Bad* Lands, the configuration of the 
Rocky Mountains and of the plateaux lands 
in Arizona, Colorado, and Mexico, the 
wonders of the Yellowstone Park and 
California, called forth a new and rich 
literature, which demonstrated in the most 
convincing way that the surface-forms of 
those regions are mainly the result of the 
erosive activity of water." In the eastern 
and middle States, however, the agency of 
ice is predominant, and Professor Chamber- 
lin’s most important work has been in 
connection with glacial action. He made, 
in 1878, a study of the Swiss glaciers, having 
been sent to Paris to represent the Legis- 
lature of Wisconsin at the "International 
Congress of Geologists. He was shortly 
afterwards placed in charge of the glacial 
section of the United States Geological 
Survey, a position which he has now 
occupied since 1882. Among his more 
important works may be mentioned " Our 
Glacial Drift,"* “ Geology of Wisconsin," 
and, in collaboration with Professor Salis- 
bury, " Geologic Processes." 

JAMES CROLL 

The Wheelwright Who Set the World Arguing 

A self-taught geologist of humble origin, 
who is remembered chiefly for certain bold 
speculations with regard to the causes of 
climatic change, James Croll was born 
at Little Whitefield, in Perthshire, on 
January 2, 1821. His father was a stone- 
mason, and James, after attending the 
village school, was apprenticed to a wheel- 
wright. He worked for some years as a 
joiner, but his health was too delicate, and 
he had to seek a lighter occupation. In 1847 
lie opened a small shop in Elgin, but illness 
interfered, and he left the town in 1850. 
Having married, he set up a temperance 
hotel at Blairgowrie, with no greater success. 
But fortune changed when Croll was 
appointed keeper of the Andersonian 
Museum in Glasgow. It was work which 
really suited him, for he was a keen student, 
and had already written several papers, 
chiefly on subjects connected with climate 
and physical laws. He had leisure for. his 
studies and the^opportunity of consulting 
books gnd of conversation with men of 
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knowledge, and was, moreover, regarded 
as an excellent curator. Promotion followed 
when, in 1867, he was put in charge of the 
maps and the secretarial work of the Geo- 
logical Survey of Scotland. His first book, 
" Climate and Time," which is also by far 
his best, was published in 1875 In 1880 
he retired from his position on the Geo- 
logical Survey on a pension of little more 
than a pound a week, and devoted himself 
entirely to study and writing. The results 
were “ Climate and Cosmology," in 1885, 
a reply to the keenly adverse criticism 
which his earlier work had called out ; 
“ Stellar Evolution," in 1889 ; and “ The 
Philosophical Basis of Evolution," in 1890. 
He died on December 15, 1890. Croll 
found the cause of climatic variations, such 
as those of the glacial epoch, in modifica- 
tions of the earth’s orbital relation to the 
sun. The theory was ingenious and elabo- 
rately developed, but scientific opinion 
has not tended to confirm it. 

JAMES DWIGHT DANA 

The Iron Heart of the World 

James Dwight Dana was borr at Utica, in 
the State of New York, on February 12, 
1813, and was educated at Yale, where he 
studied especially mathematics, physics, 
and chemistry. He visited Europe during 
his university career. In 1836 he became 
assistant to Professor Silliman, at Yale, and 
in 1838 was chosen to accompany the 
Wilkes Exploring Expedition as geologist 
and mineralogist. In the course of the' 
voyage along the South American coasts 
and among the islands of the Pacific, Dana 
collected a vast amount of material for 
zoological and geological research. He was 
wrecked on the coast of Oregon, but sailed 
again from San Francisco, by way of Singa- 
pore and St. Helena, to New York, thus cirr 
cumnavigating the globe. The spoils of 
these four ocean-years took more than three 
times as long to study and describe in his 
celebrated works, " Report on Zoophytes," 
1846 ; “ Report on the Geology of the 
Pacific," 1849 ; and his “ Report on 
Crustacea," published in 1854. 

In 1850 Dana was appointed Professor of 
Geology at Yale, and served till within 
three years of his death, on April 14, 1895. 
His was the predominant influence in form- 
ing the brilliant American geologists and 
physiographers who have succeeded him ; 
or perhaps we should rather say that his 
influence was second only to that of their 
marvellous continent itself. He was a man 
of large mind, vast knowledge gained at 
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first-hand in the study of Nature, and bold 
conceptions. His belief, for which there is 
much to be said, that the earth is elongating 
in the direction of the Poles and contracting 
in its equatorial diameter, is, whether true 
or not, an example of a simple conception 
which unites many diverse phenomena. A 
similar example is his theory of the consti- 
tution of our globe — that two-thirds of its 
mass consists of iron, forming a rigid core 
or nucleus, surrounded by a hot, viscous 
envelope of molten rock-stuff, the whole 
being enclosed by a solid, hard crust about 
seven miles thick. Volcanoes and volcanic 
action always interested him deeply ; he 
was the first, in 1840, to give a scientific 
account of the strange, silent volcanoes of 
the island of Hawaii, with their giant cones ; 
and one of his last and most important works 
was the ” Characteristics of Volcanoes, with 
Contributions of Facts and Principles from 
the Hawaiian Islands/* published in 1890. 
('oral reefs were also a subject of his study ; 
he was a strenuous supporter of Darwin’s 
theory that reefs and atolls are formed 
during the gradual subsidence of the sea 
bottom a view which has been ns vigor- 
ously contested by many, and perhaps most 
powerfully by Sir John Murray. Whichever 
hypothesis turns out to be true, or whether, 
as is probable, various coral reefs are formed 
in various ways, Dana’s “ Corals and 
Coral Islands,” issued in 1879, will always 
remain a classic. 

But Dana’s greatest contribution to 
geological science is unquestionably his 
explanation of the origin of mountains by 
the crumpling of the earth’s crust caused by 
lateral compression. The theory was out- 
lined by his papers, as early as 1846, in the 
” American Journal of Science.” It is the 
chief example of his extraordinary power 
pf bold and simple conception, associated 
with close investigation of all the related 
facts of every kind. The hypothesis, or 
rather the now established scientific prin- 
ciple, was suggested to him by an intimate 
study of the Appalachian Mountains, which 
are excellent models of rock-strata crumpled 
and thrown up by the enormous horizontal 
compression consequent upon the shrinking 
of the earth’s interior. In the study of this 
subject Dana was helped greatly by the 
collaboration of Le Conte, and other Ameri- 
can geologists contributed studies from the 
Rocky Mountains and elsewhere in support 
of it, bin the credit of discovering the chief 
cause of mountain structure undoubtedly 
belongs to Dana. 

The career of this? wonderful scientific 
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worker is only one of several demonstrations 
of a principle which should be more im- 
pressed than it is upon young students. 
The lecture-room, museum, library, labora- 
tory are all very well in their way, but they 
are never the real thing. The best they can 
give is second-hand, artificial knowledge. 
The lives of Humboldt, Dana, Darwin, 
Bates, Wallace, Murray, and many others 
all teach that the way to understand the 
face of the world is to go out and see it. 

WILLIAM BOYD DAWKINS 
Searcher of the Earth for Signs of Man 

Professor Boyd Dawkins was born at 
Buttington Vicarage, Welshpool, Mont- 
gomeryshire, on December 26, 1838. He 
was educated at Rossall and at Jesus 
College, Oxford, where he graduated in 
classics and in natural science, and was 
the first Burdett-Coutts geological scholar 
at Oxford. He was appointed in 1861 to 
the Geological Survey as assistant, and 
became, in 1867, chief geologist. In 1872 
he became Professor of Geology in Owens 
College, Manchester, and later honorary 
Professor of Geology and Palaeontology 
in Victoria University, Manchester, which 
position he still occupies. Professor Boyd 
Dawkins is widely known as an authority 
on anthropology, as well as on geology and 
palaeontology, and popularly is most pro- 
minently associated with the fascinating 
study of caves and underground water- 
courses. He is the author of many papers 
on fossil remains, especially those of mam- 
malia, and on evidences relating to the 
antiquity of man. His earlier travels were 
throughout Europe, to collect the material 
published, in 1874, under the title of “Cave- 
Hunting : Researches on the Evidences of 
Caves Respecting the Early Inhabitants of 
Europe.” In 1874 he undertook a voyage 
round the world. “ Early Man in Britain, 
and His Place in the Tertiary Period,” was 
published in 1880. Others of his writings 
deal with various aspects of the geology 
of the Isle of Man. 

Professor Boyd Dawkins has given much 
study to the English coal measures, and the 
discovery of the coalfield in the south-east 
was due to his researches. His geological 
knowledge has been called upon to assist 
in several great engineering works, such as 
the tunnel under the Humber. 

Elected, in 1882, president of the Anthro- 
pological Section of the British Association, 
he presided, in 1888, over the Geological 
Section. He gave the Lowell lectures in 1880, 
and was awarded the Lyell medal in 1899. 
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CHARLES DAWSON 
Discoverer of the First Known Man 

Mr. Charles Dawson, the palaeontologist, is 
a solicitor practising at Lewes, Sussex. 
Outside his own town his name is probably 
unknown to the man in the street. Yet 
his fame will go down to posterity as having 
opened to his generation one of the most 
startling and fascinating chapters on the 
ancestry of man that has yet been inscribed 
by human hands upon the book of life. Mr. 
Dawson has been a geologist and arch, ge- 
ologist from early boyhood. Instead of 
moths and butterflies he followed in the 
track of extinct monsters, tracks imprinted 
in the rocks of his native Sussex when those 
rocks were still mud in a marshy twilight 
world. He traced the way that the mcgalo- 
saurus had gone, and discovered three new 
species of iguanodons, one of which is 
named after him. He brought to light 
fossil plants of an uncommon kind, fossil 
li^h dear to students of the story of ichthy- 
ological evolution, and many interesting 
mammalian remains. 

Most of these he himself unearthed, or 
purchased of the wondering quarrymen of 
Hastings and elsewhere, who pocketed his 
gratuities, and reserved their opinion as to 
his sanity and sense of values in such old 
gear. Little by little his private collection 
grew until he was nojonger able to house it. 
Then grave and learned men foregathered at 
his house, scrutinised his specimens, and 
catalogued and packed and despatched 
them. And lo, a new and important group, 
named the Dawson Collection, was added 
to the priceless treasures of the Natural 
History Museum at South Kensington. 

The collection has continued to grow, 
fed by its finder's continued gleanings from 
tin rocks and soils of ancient Sussex, whose 
bosom is a charnel-house of history, 
written in fossil and in bone. In the 
course of his explorations, Mr. Dawson 
announced the presence of natural gas 
in Sussex, and to this day the station and 
hotel at Heathfield are lighted by the 
product of his discovery. Water, too, he 
located by the scientific method of the 
geologist. 

His crowning achievement was not an- 
nounced until 1912. While walking on the 
common at Piltdown, Sussex, in the early 
wintenof 1911, he observed workmen digging 
gravel for farm roads. One of then) 
handed him a fragmenj of a human skull, 
which they had broken in their digging 
and thrown away.x Had he been an hour 
later or an hour sboner, he would have 


missed the great secret. He realised that 
he had here a pearl of price, or rather a por- 
tion of a pearl, for the major portion of 
the skull was still to seek. Many times 
he revisited the spot in the hope of gathering 
further clues, and at last retrieved two other 
fragments. With these and the original 
he went to the Natural History Museum, 
where he was encouraged by Dr. Arthur 
Smith Woodward, Keeper of the Geological 
Department, to pursue his investigations. 
But the floods of winter filled the cavity 
whence the precious relics had been won, 
and not until the end of May was he able to 
continue his work. 

A further search of four months was 
rewarded by the discovery of the re- 
mainder of the skull, and half the lower 
jaw. Associated with these remains were 
fragmentary relics of two very primitive ele- 
phants, a hippopotamus, the common red 
deer, a horse, and a beaver. An examina- 
tion of the surroundings revealed evidence of 
the great antiquity of the site. Since the 
deposition of the formation in which he was 
working, the river Ouse had changed its 
course, and cut itself a channel Soft, deeper 
than the level at which it ran when it built 
up this precious matrix of past life. 

The skull proved to be the most import- 
ant ever discovered. It takes us far back 
beyond the rise of the cave-man, hitherto 
the earliest known type. It seems, so 
far as investigations have gone, that the 
skull was that of a woman typical of a 
race from whom the cave-men sprang ; that 
the cave-men died out, and that, contrary to 
all earlier theories, the present type of 
human beings descended, not from these, 
but from the primitive source of which the 
Piltdown skull affords the first evidence. 
The cave-man developed the low forehead 
and protuberant brows of the adult ape ; 
the Piltdown skull reveals a type in which 
the skull closely resembled that of the 
very young chimpanzee, which lacks the 
massive bony prominences over the brows 
which it later assumes. Therefore, the 
changes that took place in the skull in 
successive races of early men were, it is 
held, exactly similar to the changes which 
now occur in the skull of an ape as it grows 
from youth to maturity. 

The high importance of the find has 
gained world-wide recognition, and casts 
of the skull are being distributed broadcast 
arrtong museums and learned societies. 
Dr. Woodward asserts that the discovery 
takes us nearer tq the source and origin 
of the first human creature than any 
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discovery ever made before. He regards 
the Piltdown skull as the long-sought 
missing link, or at least a missing link, 
for there may be another, perhaps others, 
he says. But here, at all events, we have 
a species almost entirely ape. 

He adds this interesting statement : 
“ The most significant thing about this 
discovery docs not so much lie in the fact 
that the brain is infinitely smaller than 
that oi an ordinary human being, or that 
the jaw is the jaw of a chimpanzee, but 
in the fact, proved beyond doubt from 
the shape of the jaw, that the creature, 
when alive, had not the power of speech. 
Therefore, in the evolution of the human 
species, the brain came first, and speech 
was a growth of a later age.” 

While these pages are passing through 
the press, Professor Elliott .Smith, the 
eminent anthropologist, is about to discuss 
the whole question of this ancient creature 
that knew no vocal method of communi- 
cation. Meanwhile, Mr. Charles Dawson, 
the quiet, unostentatious surveyor of rocks 
and fields and downs, of whom none but 
the learned few have heard, has placed 
the entire thinking world in his debt for 
the perseverance and assiduity with which, 
proceeding from find to find, and from 
knowledge to knowledge, he has revealed 
to us our earliest known ancestor. 

SIR JOHN WILLIAM DAWSON 
A Canadian Opponent of Darwin 

The most distinguished of Canadian 
geologists was born at Piet on, Nova Scotia, 
on October 30, 1820. lie was educated at 
Pietou College and Edinburgh University, 
where he graduated in 1842. In the same 
year he joined Sir Charles Lyell in a geo- 
logical study of Nova Scotia, returning in 
1846 to Edinburgh to study chemistry. He 
worked again with Eyell, in 1852, in an 
investigation of the carboniferous vegetation 

Dawson's chief field of research — when 
they brought to light reptilian remains of 
great interest. 

Appointed, in 1850, Superintendent of 
Education in Nova Scotia, and in 1855 
Principal and Professor of Natural Hist or v 
in McGill University, Montreal, Dawson 
effected, by hu zeal and public spirit, a 
great advance in the standard of Canadian 
education. For many years he lectured on 
natural science at (he McGill Normal School. 
He founded the Royal Society of Canada, 
and was its first president. He presided over 
the British Association on the occasion of 
its visit to Birmingham in 188b. 
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It is unfortunate that the name of 
Dawson, ' who carried out very brilliant 
geological work, should be generally asso- 
ciated with an error. MacCulloch had found, 
in 1858, in the Canadian Laurentian gneiss, 
very remarkable combinations of serpentine 
and calcite, in which the serpentine was 
ramified through the calcite in a curiously 
reticulated way, strongly suggestive of a 
foraminiferous growth. Dawson described 
it as such, in 1864, under the name of 
Eozoon Canadense ; and the supposed dis- 
covery attracted great attention, because 
Eozoon was obviously, from the nature of 
the rocks in which it was found, the earliest 
of all organic fossil remains. Many high 
authorities supported Dawson's view, but 
Mocbius of Kiel finally proved that the 
structure was of inorganic origin. 

Dawson was an able controversialist and 
a keen opponent of the Darwinian theory. 
Besides many scientific papers, he wrote 
several more popular works, including 
“ The Dawn of Life,” 1875 ; “ The Origin 
of the World,” 1877 ; and “ The Meeting- 
Place of Geology and History,” 1894. He 
was knighted in 188 1. He died in Montreal 
on November 20, 1899. 

HORACE DE SAUSSURE 
The First Scientist to Climb Mont Blanc 

Horace B.'n'diet de Saussure was born 
in Geneva on February 17, 1740, the son of 
wealthy and noble parents. Scientific in- 
terest was hereditary in the family, and 
De Saussure’s father was a well-known 
writer on agricultural subjects. The boy 
was an eager collector of rocks and plants, 
and a walking tour at the age of twenty fired 
him with a love of the Alps which became 
a lifelong passion. De Saussure, who had 
been highly educated, was appointed, in 
T762, Professor of Philosophy at Geneva, 
but natural science was his chief interest. 

It is to De Saussure that the modern 
world owes the great sport of mountain 
climbing. He carried out, in 1787, his 
ascent of Mont Blanc, and in subsequent 
years conquered the peaks of Monte Rosa, 
•the Breitliorn, and others. Like many who 
have followed him, he thought that the 
grandeur of the view from these summits 
repaid every fatigue and danger, and felt 
that to climb a mountain was in some sense 
to come near to truth. The botany of the 
Alpine flora, which was his first study ami 
his last, was the subject of his earlier papers ; 
and from thence he proceeded to a thorough 
study of the mineralogy and geology of 
those mountains. De Saussure was the first 
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io study in the laboratory the fusion of 
1( )cks f and may thus be regarded as the 
originator of experimental geology. 

His classical work, entitled “ Voyages 
fl.ins les Alpes,” is a monumental record of 
his geological journeys, researches, and ex- 
periments. The first volume appeared in 
1779, the second in 1786, and the last two 
in 1796. During the long period of their 
composition he continued to travel over not 
only the Alps, but also the Vosges, the 
mountains of Germany, Italy, Sicily, and 
the ancient volcanoes of France. He 
delighted in mountains, and his descriptions 
of them, always accurate, are also charm- 
ing. Dc Saussure, fortunately, held no brief 
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for any special theory ; he was content to 
observe closely, and" to tell what he had 
seen. He rightly held that geological 
knowledge could not be greatly advanced 
by a study of the plains, and that only the 
mountains could reveal the secrets of 
terrestrial history. 

De Saussure wrote also an admirable 
little work, entitled 11 Instructions to Young 
Geologists,” warning them against the 
tyranny of abstract theories, and counsel- 
ling patient and detailed observation. 

Professor von Zittel remarks that " De 
Saussures love of truth and his passion for 
Nature, combined with the extreme modesty 
°f his attitude ^towards the science of the 
mountains, havfc x made him an ideal 
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personality in the annals of Alpine geology. 
Endless in his energy, insatiable in his 
desire to accomplish, De Saussure, at the 
conclusion of his life’s labours, writes that 
he has found nothing constant in the Alps 
except their infinite variety. With a feeling 
of sadness he admits the futility of all his 
efforts to wrest the eternal truths of Nature 
from the majestic peaks of his native land.” 

De Saussure died on January 22, 1799. 

NICHOLAS DESMAREST 
The Man Who Walked U Fame 

Nicholas Desmarest was born at Sou- 
laines, near Brienne, in France, on Sept- 
ember 16, 1725. His father was so poor that, 
when he died, Nicholas, who was then 
fifteen years of age, had received no educa- 
tion. He was afterwards taught gratuitously 
by the Oratorians at Troyes and at Paris. 
For ten years after leaving them he earned 
a scanty livelihood by teaching. His 
opportunity came when a scientific society 
offered a prize for an essay dealing with the 
question ‘ whether France and England 
were ever joined together. The question 
attracted Desmarest. He won the prize, 
and with it the friendship of D’Alembert 
and the favour of men in high place. He 
received employment in the investigation 
of industrial conditions, and in 1788 was 
made inspector-general and director of the 
manufactures of France. His labours in 
this capacity were very beneficial to 
industrial development. 

Throughout his life Desmarest made 
continual expeditions, always on foot, over 
the greater part of France. A shepherd’s 
hut for shelter, bread and cheese for wayside 
fare, devious tracks for his road, and the 
company of the humblest of the people as 
he went along — thus Desmarest learned to 
know the features of his native land as no 
one had known them before him. Wandering 
thus, in 1763, he cameupon the region of the 
old volcanoes of Auvergne, and pondered 
upon the nature of the basalt there. Two 
years later he laid before the Academy of 
Sciences his conclusion that basalt was of 
igneous origin — was, in fact, lava. But, 
wishing to make sure of his discovery, he 
would not allow the paper to be published 
until 1774, after he had twice again visited 
the extinct volcanoes of France, and had 
also travelled in volcanic districts of Italy. 

He became so certain of his conclusions 
that he would not even discuss the contro- 
versy which arose between those who 
regarded basalt as an aqueous deposit and 
those who believed it to be igneous, but 
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would only say, when questioned, “ Go and 
see/' In 1775 he presented to the Academy 
of Sciences a monograph “ On the deter- 
mination of three epochs of Nature from the 
products of volcanoes, and on the use which 
may be made of these epochs in the study of 
volcanoes,” and this work was published 
in 1806. The correctness of his conclusions 
with regard to the stages in the history of 
volcanoes has been confirmed by later study. 

The later years of his life were occupied 
in the compilation of his " Physical Geo- 
graphy,” of which four volumes appeared 
between 1794 and 1811, and the fifth was 
unfinished at his death ; and also in con- 
structing his invaluable geological map 
of the Auvergne district. 

Desmarcst died on September 20, 1815, 
having continued his pedestrian travels 
almost until his death. His nature was 
one of absolute sincerity, simplicity, and 
humility. 

SIR ARCHIBALD GEIKIE 
The Foremost British Geologist of Today 

Sir Archibald Geikie, the most authorita- 
tive British geologist of today, was born in 
Edinburgh on December 28, 18 55, and was 
educated at the Royal High School and at 
Edinburgh University. He was always a 
lover of Nature, with a keen sense of land- 
scape, and became a geologist on the day 
when he discovered, with a party of school 
friends, a wealth of fossil remains in an old 
quarry. At the age of twenty he joined 
the Scottish Geological Survey, and became 
its first director in 1867, when it became 
ail independent institution. He did an 
immense amount of most valuable work 
on the Survey, elucidating many strati- 
graphical problems in the Highlands. 

A new Chair of Geology and Mineralogy 
was iounded at Edinburgh University in 
1871, and Sir Archibald Geikie held it until 
1882, when he was appointed Director- 
General of the Geological Survey of the 
United Kingdom, and Director of the 
Museum of Practical Geology in London. 
His knighthood dates from 1891. He has, 
of course, received all kinds of honourable 
recognition from all parts of the world. 

His geological travels extended over the 
greater part of Europe and vast tracts of 
North America. His geological work has 
been very various. Ihus, his essay on 
“ Modern Denudation,” in 1868, was the 
first to give careful calculations of the 
amount of land material which rivers 
annually transport to the sea, and showed 
how a hilly surface might be levelled to an 
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absolute plain by the work of frost and rain 
and stream. He believes that even sub- 
marine plains or platforms owe their level 
surface to the same process, before these 
regions were submerged under the ocean. 

Volcanoes and volcanic action have 
been the subject of Geikic’s most important 
work. As early as 1861 he began a series of 
investigations in Scotland, which extended 
over thirty-five years, and made the Western 
Isles of the Highlands the most famous 
ground for the study of ancient volcanoes. 

Like his brother James, Sir Archibald 
Geikie has been an ardent supporter and 
exponent of the theory by which many 
geological phenomena are referred to the 
action of ice, in a succession of glacial 
epochs alternating with periods of warmer 
climate, and adheres in general to the views 
propounded by James Croll, in his book on 
” Climate and Time.” 

Sir Archibald Geikie has dealt with every 
geological question arising from the Scottish 
strata, and his name is especially associated 
with the Old Red Sandstone. 

His “ Textbook of Geology/' which has 
passed through several editions, is the best 
extant manual of the science. 

JAMES GEIKIE 

A Student of Climate In the Days Before Man 

J ames Geikie, Professor of Geology and 
Mineralogy and Dean of the Faculty of 
.Science, Edinburgh University, was born 
in Edinburgh, in 1839, an d was educated 
at the High .School and University of 
Edinburgh. In 1861 he entered H.M. 
Geological Survey, and held this post till 
1882, when he was appointed to the Mur- 
chison Chair of Geology, in succession to his 
brother, Sir Archibald Geikie. While en- 
gaged on the Geological Survey he mapped 
the larger portion of the Clyde coalfield, as 
well as considerable tracts of Ayrshire, 
Renfrewshire, Berwickshire, Roxburghshire, 
Perthshire, and Forfarshire. During the 
course of these researches he devoted j 
special attention to the superficial forma- 
tions which cover so large a part of the 
surface of Scotland. He was the first to 
point out (1866) that the Scottish peat- i 
bogs furnished evidence of cold and wet 
conditions of climate having alternated with 1 
epochs of more genial conditions during 
which great forests flourished. Within the 
past few years these views have been amply 
confirmed by the botanical researches of 
Dr. Lewis. 

Mr. Geikie’s examination of the glacial 
accumulations of Britain led him to conclude 
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l ia t these indicated great oscillations of 
limate — that the Pleistocene period con- 
ned of a cycle of alternating cold or 
Kicial and warm interglacial epochs, and 
hat the peat-bogs, with their buried 
, rests, represented the closing phases of the 
reat cycle. He further pointed out that 
•altcolithic man and the extinct or no 
mger indigenous mammals associated with 
jm lived in Britain during interglacial 
imes, and were not of post-glacial age, as had 
litherto been supposed. These views were 
laborated in his work “ The Great Ice Age, 
.nd its Relation to the Antiquity of Man.’ 

The same theme is discussed in his 
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‘Prehistoric Europe ” (1881), with special 
eference to “ that succession of changes, 
Jimatic and geographical, which, taken to- 
other, constitute the historical geology of 
J leistocene, post-glacial, and recent times.” 
Another branch of his science in which he 
‘as done much work is that which deals 
nth the origin of the surface features of the 
and. This subject he has discussed in 
mmerous essays communicated to scientific 
ournals, and more fully in his “ Earth 
sculpture, or the Origin of Land Forms ” 
first edition, 1898; last, 1909). He has 
L l*o in the press a work entitled “ Moun- 
ts, Their Origin, Growth, and Decay.” 

For many years Professor Geikie has been 
L strong advocate of the importance ol 
[wgraphy as a subject of instruction, not 


only in schools but in universities. He is 
one of the founders of the Royal Scottish 
Geographical Society, of which he was 
president for a number of years. He has also 
acted for many years as honorary editor of the 
“ Scottish Geographical Magazine,” which is 
the organ of that society. His studies have 
ranged over a wide field, and have not been 
conlincd solely to scientific investigations. 
He has always been a keen student of 
foreign literature, and in 1887 published 
“ Songs and Lyrics by Heinrich Heine, and 
other German Poets.” 

Besides the original scientific works 
mentioned above, Professor Geikie has 
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published a number of valuable textbooks 
on various phases of geology 

jean Etienne guettard 

The Inventor of Geslogical Maps 

, Jean Etienne Guettard was born at 
Etampes, near Paris, in 1715. He was 
intended to follow his grandfather’s pro- 
fession of apothecary, but his love of 
natural history led him to study medicine. 
The Duke of Orleans, who was a distin- 
guished amateur of the sciences, engaged 
Guettard to accompany him on his travels, 
and to act as curator of his collections of 
animals and plants. Botany was Guettard’s 
first interest, but he was led on to geology 
by observations of the relation between 
the distribution of plants and the minerals 
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and soil of various districts. Guettard was 
an extremely versatile man of distinctively 
French genius. From the study of fossils, 
which he was the first to connect biologically 
with their modern representatives, he was 
able to demonstrate the fact that the 
European continent had in former ages lain 
under the sea; and this view, though 
familiar enough today, was ill his time 
fiercely contested. 

Guettard performed three signal services 
to geology, which stand out far above much 
miscellaneous work. He invented geological 
maps ; he discovered the ancient French 
volcanoes of Auvergne ; and he laid down 
the principle 1 that mountainous lands arc 
ultimately degraded to the level of plains 
by the action of rain and stream, lie drew 
uncoloured geological maps of France and 
England, the former chiefly from observa- 
tion, but the latter, which is greatly 
inferior, only from second-hand book- know- 
ledge. And he undertook a vast project to 
prepare a mineralogical atlas of the king- 
dom of France. 

The preparation of this atlas, which was 
never completed Guettard drew twenty- 
nine parts and Monnet thirty-one — had the 
effect of stimulating a new and widespread 
interest in mineralogy throughout France, 
and many monographs began to be pub- 
lished with regard to the geological detail of 
local areas. All this reacted in a very 
healthy way upon the science of geology, 
so that, though G net lard's maps are very 
inferior to those to which we are accus- 
tomed today, they are not by any means 
to be despised. 

The discovery of the ancient volcanoes 
was due to Guettard's keen power of 
observation, lie was travelling along the 
road to Moulins when he noticed that houses 
and walls wore more and more built of 
black stones, and on examination found 
these to be of the nature of lava. By follow- 
ing along the roads where the black stones 
became more frequent, and turning back 
when they diminished in number, he was 
led ultimately, accompanied by his friend 
Males her bes, to the extinct volcanoes, 
which had hitherto been unknown. His 
•paper "On certain mountains of France 
which were iormeiiv volcanoes ” was pre- 
sented in 1752 to the Academy of Sciences, 
and published in 175b. The discovery was 
of great importance in the development of 
geoiogv, ‘or it led to Desmarest's conclusion 
that the videlv dhliilnited mineral known 
as basalt is identical with volcanic lava. 
Guettard’s ingenuity as a paleontologist 


is well shown in his memoir " On the 
accidents which have befallen fossil shells 
compared with those which happen t (J 
shells now living in the sea.” He died 011 
January 7, 1786. 

SIR JAM£S HALL 
An Explorer of Volcanoes 

Sir James Hall was born at Dunglass, in 
Haddingtonshire, on January 17, 1761. \[ v 
was educated in London and at Cambridge 
University, and then travelled on the Con- 
tinent for three years, returning to Edin- 
burgh in 1781. From this time he devoted 
himself altogether to geology, and especially 
to the study of volcanoes. In 1785 he went 
to Italy, ascended Vesuvius and Etna, ami 
visited the Lipari Isles. Here he discovered 
the true nature of volcanic dykes, or vertical 
lavas, which he investigated on Monte 
Somma, a part of Vesuvius. 

His reputation rests chiefly on his appli- 
cation of experimental methods to geological 
research. He was first led to these expeii- 
nients by his interest in the work of Hutton, 
who was his intimate friend, but Hutton 
saw little use in laboratory work, and Hall 
did most of his work after Hutton’s death, 
in 1797. 

Sir James Hall’s experiments rendered 
enormous service to geology, not only by 
their particular results, but even more by 
his establishment of practical work as a 
powerful method of research. Among lib 
more important results are the proof of a 
close affinity between the modern lavas of 
Italy and the old basaltic formations <>t 
Scotland and Ireland, thus confirming the 
view of Desmarest that basalt is a volcanh 
product ; the demonstration of the effect 
of compression in modifying the action of 
heat upon rocks ; and the elucidation of 
the processes which take place in the fold- 
ing of strata. Another important result of 
Hall’s work was that a group of able ex- 
perimental geologists arose in Edinburgh. 
Sir James Hall died on June 23, 1832. 

He must not be confused with the 
American geologist James Hall, who was 
born on September 12, 1811, at Hingham, 
Mass., became director of the Natural 
History Museum in Albany, and died their 
in 1898. This American student of geology, 
a contemporary of Dana, did much valuable 
work in the study of the formation of 
mountains and in classifying the strata of 
North America. His work on the fossils 
of the State of New York, published in 
several large volumes under the title 
" Palaeontology of New tork,” was the 
fruit of enormous industry and learning. 
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ROWLAND BIFFEN — THE SCIENTIFIC 
TRANSFORMER OF AGRICULTURE 
BOERHAAVE — A DOCTOR WI lO PRE- 
SCRIBED FOR ALL EUROPE 
PAUL BROCA— A GREAT BRAIN STUDENT 
SIR DAVID BRUCE— A CLEAKER-UP OF 
GREAT MYSTERIES 

COUNT BUFFON-AN EARLY CHAMPION 
OF EVOLUTION 

W. B. CARPENTER— DISCOVERER OF THE 
“ SUB CONSCIOUS MIND ” 

J. M. CHARCOT— A GREAT MASTER IN 
NERVE TREATMENT 

SIR THOMAS CLOUSTON— THE MENTAL 
SIDE OF YOUTH 

ROWLAND BIFFEN 
The Scientific Transformer of Agriculture 

R owland Biffen, who was educated at 
Emmanuel College, Cambridge, is con- 
sulting botanist to the Royal Agricultural 
Society. When it was decided to reorganise 
agricultural studies in Cambridge, Mr. Biffen 
was appointed Professor of Agricultural Bo- 
tany, and he has held this Chair since 1908. 
The date was a fortunate one, for by that time 
the essential facts of Mendelism had become 
established beyond dispute, thanks chiefly 
to Professor Biffen *s colleague, Professor 
Bateson, and so it was possible to start the 
serious work of research upon sound and 
fruitful lines. What may be called the 
“ nurture " side of agricultural botany has 
not been studied at Cambridge, that being 
dealt with at Rothamsted. Professor Biffen 
lias directed himself to the nature or heredity 
side. There our exact knowledge of wheat 
in 1908 was nothing at all. 

The first need was to study the genetics 
of wheat, so that the various Mendelian 
factors might be isolated, and then it had 
to be ascertained whether desirable factors 
could be combined to a novel extent, with 
the creation of new and valuable forms of 
wheat, or whether that “ repulsion of 
factors " of which recent Mendelism has so 
many illustrations would make any useful 
new combinations impossible. "Professor 
Biffen had no great difficulty with the 
inquiries into genetic fact, though the 
results of those inquiries were such as to 
lead- to tempting offers from abroad for his 
services there instead of at Cambridge. • 
Then came the constructive stage of 
work. The object was to combine the good 
cropping power of the best English wheats 
with the hardness ” and the freedom from 
“ rust ” of the best foreign wheats. The 
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GEORGES CUVIER -THE FIRST STUDENT 
OF FOSSIL' REMAINS 

CHARLES DARWIN— THE MAN WHO SHOOK 
TIIE WORLD OF THOUGHT 

ERASMUS DARWIN - THE FIRST x’OET OF 
ORGANIC EVOLUTION 

SIR FRANCIS DARWIN— A GREAI INVESTI- 
GATOR OF PLANT LIFE 

C. B. DAVENPORT— STUDENT OF HERE- 
DITY 

HUGO DE VRIES A SCIENTIST WHO 
BELIEVES IN JUMPING CHANGES 

HANS DR1ESCH -A PHILOSOPHER A HO 
FINDS INTELLIGENCE IN ALL LIFE 

hard foreign wheats rapidly deteriorate when 
grown here. But by Mendelian breeding 
1 Vo lessor Ciffeu was able to conquer all these 
difficulties. He obtained a wheat which 
was “ completely immune to the attacks ot 
the rust fungus, though in other respects it 
had no desirable quality to recommend it/' 
But, having found that immunity to rust, 
heavy cropping capacity, and hardness " 
of the grain could all be determined as 
Mendelian factors, in a few years Professor 
Biffen was able “ to build up a strain of 
wheat which combines the* cropping 
capacity of the best English varieties 
with the hardness of the foreign kinds, 
and at the same time !s r.rrjpletely 
immune to rust." 

We already know that this wheat will 
retain its qualities for years. One variety ot 
it, sown in 1910, produced from one quarter 
forty-three. All this was used for seed, and 
produced 770 quarters, which realised 
£1666 in the market. There are many good 
judges who predict that in a few years 
these products of the scientific research of 
Professor Biffen and his school will revo- 
lutionise our national agriculture. 

HERMANN BOERHAAVE 
A Doctor who Prescribed for All Europe 

Hermann Boerhaave was born, near 
Leyden, on the last day of the year 1668. 
His father was a clergyman, and the boy 
early received and repaid a good education of 
the literary and academic kind. He went 
to the famous University of Leyden at the 
age of sixteen, and there, after some years 
of study and a period of penury, during 
which, owing to his father’s death, he had 
to live by taking mathematical pupils, we 
find him installed as professor of what is now 
called physiology, at the age of thirty-three. 
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In those days botany played a large part 
in medical study, and Boerhaavc did much 
for medical botany during the several 
years which elajxsed before he had oppor- 
tunities of showing his originality in medi- 
cine itself. As a great centre of liberal 
learning, Leyden already had a botanic 
garden, which Boerhaavc greatly extended. 

But this original and devoted student of 
living Nature is to be remembered not as a 
botanist, and certainly not as a student of 
the botanical part of the pharmacopoeia. 
He was a pioneer student of disease in days 
when any real medical knowledge was so 
slight, compared with the mass of nonsense 
that was believed, as to be scarcely credible 
today. It was as a modern “ lather of 
medicine/' worthy to be so named even 
with Hippocrates in our mcrtiory, that 
Boerhaavc is to be honoured, lie made 
his own small town famous throughout the 
world ; and one of the most notable con- 
sequences of his work, and of the way in 
which lie drew students from foreign 
countries, was the foundation of the school 
of medicine in Edinburgh, which has since 
that date nourished such men as Symc and 
Simpson and Lister. 

Boerhaavc made many observations in 
botany and chemistry, the latter bringing 
him such honours as election to the French 
Academy of Sciences and our own Royal 
Society. But he was most famous and 
original as what we nowadays call a 
“clinical observer." He had been a close, 
student of the wiitings of the English 
physician Sydenham, and from him had 
learnt the value of genuine, first-hand, critical 
observation of his pat ients. This led him, for 
instance, to institute at Leyden the system 
of teaching students at the bedside, which 
is now called clinical teaching, and is the 
central feature of every soundly conceived 
medical and surgical curriculum. 

In the text-book of Boerliaavc’s lectures, 
published at Leyden in 1709, we find his 
conclusions upon the diagnosis and “ differ- 
ential diagnosis " of disease. 

The moral qualities of Boerhaave, and 
the breadth of mind which reposed, or 
rather acted, upon them, arc perhaps the 
real key to his greatness. Among his 
contemporaries, though forty-four years 
older, was the English clinician Thomas 
Sydenham. To him his Dutch junior yearly 
referred in Ins lectures as “ The light of 
Anglia, the Phoebus of skill, the true like- 
ness of the Hippocratic Man." Anyone 
who cares to look at the records of medical 
jealousy will see the greatness of a Boerhaave, 
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who could thus refer to an elderly senior. 
Not always do we find virtue so obviously 
rewarded as in Boerhaave ’s case. He 
became, in Haller’s phrase, “ the general 
teacher of Europe." His works were trans- 
lated into many languages, including Arabic. 
A letter from China, addressed to “ The 
most illustrious Boerhaave, physician of 
Europe,” was received by him. Peter the 
Great took lessons from him. He acquired 
a gigantic fortune by his practice, probably 
the largest ever made by medical practice, 
for he left two million florins. 

Dr. R. 0 . Moon, in his “ Relation of 
Medicine to Philosophy," has given us a 
more just and subtle appreciation of the 
genius of Boerhaave than perhaps any other 
commentator. Like Sydenham, Boerhaave 
saw that medicine, in their time, had be- 
come completely divorced from Nature. The 
doctor had a stock of large and pretentious 
theories, based on the supposed laws of 
physics and chemistry. From these he 
drew his conclusions, and was meanwhile 
too busy even to look at his patient. We 
must drop all these foggy and blinding 
theories, said Boerhaave, and return to what 
the Father of Medicine taught : we must 
observe the patient first, and thus begin 
again at the beginning. This he did, and this 
he taught his pupils to do. And if he had 
never made an original observation in his 
life, this would ’be sufficient for his fame. 
From his time onwards, and not least 
through the influence of other schools of 
medicine vivified by his pupils, medicine 
has been based upon the only solid ground, 
which is direct observation of the facts of 
natural processes in health and disease. 

Though rejecting as nonsense the sup- 
posed knowledge of his time, Boerhaave 
never hesitated to declare that a real science 
of medicine was possible. Clinical observa- 
tion was the first necessity ; and side by side 
therewith anatomy and physiology must be 
studied. Thence, and thence only, he said, 
could be evolved a science of medicine. 

The modern student may rub his eyes 
when he reads the dicta of Boerhaave — 
that healfh consists in the normal action 
and reaction between the solids and fluids 
of the body ; that in diseases the vessels 
may be relaxed, causing congestion, or 
contracted, causing obstruction and sup- 
pression of secretions. Today we know 
these assertions to be true, but we may well 
marvel at the insight of the man who could 
enunciate such principles at such a date, 
and before the existence of any of our 
modern means of observation. 
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Yet, for all this, Boerhaave never lost 
sight of the real needs of medical practice, 
lie did not want to turn out prodigies of 
learning, he said, but- good practitioners. 
;ind for him this meant the inculcation of 
the whole of the noble ideal of Hippocrates, 
which is moral no less than intellectual. He 
certainly practised what he preached. He 
was courteous to everybody, and jealous of 
no worthy predecessor or contemporary. 
Every morning he gave an hour to private 
religious exercises. *He was devoted to 
music, and had a concert in his house every 
week during the winter. Joy was the salt 
of life, he declared, but it must be clean and 
innocent joy. Temperance in all things 
lie consistently taught and practised. 
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After a very long and very pain fill illness, 
this truly illustrious man died, on September 
2 3i 1738. His fellow-townsmen built a great 
church in his honour, and dedicated it to “ the 
health-giving genius of Boerhaave." The 
visitor to the ancient town which the genius 
of such men, and the glorious courage of its 
inhabitants against Spanish oppression, have 
made famous to the end of time will also re- 
member a tine statue of Boerhaave in one of the 
principal streets, showing the great teacher 
' ils he must have appeared in life, dignified, 
unpretentious, and venerable. Boerhaave 
was one of the men before modern science 
whose character^ broad-based on sound 
judgment and liberal instincts, has appealed 
successfully to the option of later ages. 
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PAUL BROCA 
A Great Student of the Brain 

Paul Broca was born in the French 
Department of Gironde on June 28, 1824, 
and studied medicine in Paris. There in 
due course he became Professor of Patho- 
logy, and made one famous discovery in 
that field. At the same time he devoted 
much study to the science of anthropology, 
quite apart from any medical questions, 
and it is indeed as an anthropologist that 
lie is generally remembered. 

The skull and the brain were his chief 
objects of study. lie was one of those 
pioneer anthropologists who believed the 
shape of the skull to be a crucial and 
trustworthy criterion of race — a view which 
is, indeed, still maintained, though the 
recent work of Boas in America throws 
much doubt upon it. In France Broca 
raised physical anthropology to its true 
dignity as a science, and founded the 
Anthropological' Society and “Review." 

Modern thought is especially indebted to 
him in relation to organic evolution in 
France. There his authority and intel- 
lectual power made him the great champion 
of the newer ideas represented by Spencer 
and Darwin, and his propagandist work in 
this respect compares closely with that 
of Iluxley in this country and that of 
Haeckel in Germany. 

M. Jean Finot, in his “ Race Prejudice," 
provides contemporary readers with a not 
unjust criticism, however, of many of the 
conclusions at which Broca and the men of 
his time arrived. More serious still, we 
require now to revise some conclusions 
which Broca reached, and which are 
acceptable to M. Finot. The distinguished 
French editor, alter referring to Broca’s 
careful and patient methods of skull- 
mc as u remen t, refers to the splendid memoir 
published by Broca in 1873, wherein the 
anthropologist compared the head-measure- 
ments of the attendants in the hospital of 
Bicetrc with those of the surgeons and 
chemists in that institution. Broca found 
that the latter groups had the more capa- 
cious heads, which was doubtless the case. 
But he drew an inference therefrom : 
“ The education which they have received 
has exercised their brain and has been 
favourable to its development." In short, 
Broca argues that these differences in skull- 
capacity are due to education alone. But 
today we know that the innate differences 
between individuals must be reckoned with, 
and we cannot accept Broca’s conclusion* 
though we do not doubt his facts. 
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At the same time, we must not suppose 
that Broca belonged to the crude phreno- 
logical school which was content to assume 
a direct correspondence between skull- 
capacity and intelligence. He lormally 
denied such a correspondence ; and we owe 
to him the great pathological discovery 
which laid the foundations of “ cerebral 
localisation,” and will give him a per- 
manent fame when the final history of 
physiological science is written. 

In 1861 Broca published his epoch- 
making memoir, based upon the study of 
two cases, in which he declared that loss of 
speech, known in medicine as aphasia, was 
associated with injury to and inaction of 
the posterior part of the third convolution 
of the frontal lobe of the cerebrum, on the 
left side. This area is now everywhere 
known as the speech-centre, or “ Broca’s 
area.” Of course, Broca could not define 
the whole truth from two cases, and there 
was more to follow, but he made the essential 
discovery, with all that it means. Upon it 
and those that have followed it rests our 
knowledge of the fact that the whole brain 
is not equally concerned in all cerebral 
observations, but that parts of the brain are 
specialised for special functions. Speech is, 
of course, not so simple as was supposed. 
There is not one speech-centre, but two in 
illiterate persons, and four in those who can 
read and write. 

Further, though Broca could scarcely make 
such a discovery from two cases, we find 
that the speech-centres are upon the left 
side of the brain only in right-handed people, 
and are upon the right side of the brain in 
left-handed people. Hence, numerous cases 
soon came to be published in which Broca 
was apparently wrong, and his discovery 
proved to be no discovery, for aphasia 
was present, but “ Broca’s area ” was 
intact. Time was needed to show that 
Broca was essentially right, but that 
the qualifying phrase, “in right-handed 
people,” was necessary in order to make 
his statement exact. . 

More than fifty years have passed since 
this great discovery, which is just one more 
instance of the importance of exact obser- 
vation. Sir Francis Galton records how he 
searched the archives of medicine in vain 
for a single reference, before Broca wrote, 
to tho fact that paralysis of the right side 
of the body is commonly accompanied by 
loss of speech. Innumerable cases must 
have been offered to the observation of 
physicians, but they had all been “ missed,” 
as we now say. Broca did not miss his cases, 
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but took the whole of his opportunity, and 
laid the foundation of our modern know- 
ledge, copious, varied, precise, practically 
invaluable, yet more mysterious than ever, 
of the functions of the cerebrum. 

Broca died in Paris on July 9, 1880, at 
the comparatively early age of fifty-six, but 
he lived to see the science of cerebral 
functions, which he founded, much ad- 
vanced and consolidated. Visitors to 
Paris who cross the Seine on the way to the 
Luxembourg may turn a little aside, and 
will find a statue of Broca in the Boulevard 
St. Germain, near the School of Medicine. 

SIR DAVID BRUCE 
A Clearer-Up of Great Mysteries 

Surgeon-General Sir David Bruce, of 
the Army Medical Staff, is renowned 
for his discoveries of the causes of various 
terrible tropical diseases. He is a Scots- 
man of Australian birth, having been born 
in Melbourne on May 29, 1855. 1 ° boy- 
hood he became an enthusiastic naturalist, 
and to this early study of the curious ways 
of insects and animals he largely owes his 
present high importance in medical science. 
His youthful hobby became vitally con- 
nected with his later studies as a doctor, 
when he found that gnats and flies were the 
carriers of some of the most deadly maladies. 
Sir David was educated in Stirling High 
School, and he went on to Edinburgh Uni- 
versity, where he was trained in medical 
science and took the M.B. degree. In 
1883 he obtained his commission in the 
Army Medical Staff, and for six years served 
in Malta and Egypt. 

It was in Malta that he made his first 
great discovery. At that time our soldiers 
suffered dreadfully from a mysterious disease 
known as Malta fever. It is one of the 
plagues* of the Mediterranean region, and 
the inhabitants of all the lands washed by 
the great inland sea are liable to its deadly 
attack. Sir David Bruce, by an ingenious 
line of research, conducted at considerable 
personal danger, traced the malady to the 
milch goats kept at Malta for supplying the 
garrison with milk. Then he went on to 
study the milk and the blood of these 
animals, and in them he found the germ of 
the disease. At the present time the Malta 
fever germ is one of the two most perilous 
things handled in the medical laboratories 
of Europe. It ranks with the germ of 
glanders, and only the most highly skilled 
men dare examine it. And even they, with 
all their care, do not escape. When, in 1889, 
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Sir David became Assistant Professor of 
Pathology at the Army Medical School at 
Ketlcy, under Sir Edward Almroth Wright, 
lie continued his researches on Malta fever. 
The disease never attacked him, but 
Wright fell a victim to it, and so did 
another man working in the laboratory. 
Wright, however, survived, and a treatment 
of the disease by vaccination was found to 
produce good results. 

In 1894 Sir David Bruce left Netley and 
proceeded to Natal in the course of his 
military duty. While visiting the north of 
Zululand, he became deeply interested in 
the tsetse-fly disease, that attacked and 
killed horses, cattle, and dogs brought into 
certain regions of South Africa. Every- 
body thought that the destruction of farm 
stock was entirely the work of the fly, 
that was supposed to inject a poison into the 
animals upon which it alighted. Sir David 
Bruce, however, opened up a new field in 
medical ’science by ascertaining that the 
fly was merely a carrier of disease. For he 
discovered a microscopic animal with a 
screw-like body, now known as “ trypano- 
soma brucei,” and he proved that this was 
the real cause of the cattle plague. 

The parasite lived in the blood of the 
wild animals of South Africa without doing 
them any harm. The tsetse-fly fed on this 
blood and swallowed the living parasites, 
and introduced them into domestic beasts 
while sucking their blood. Sir David 
Bruce gave a valuable and practical applica- 
tion of his discovery, by pointing out to the 
South Africans that the cattle disease could 
be prevented by killing off or driving away 
all the wild animals that acted as a reservoir 
of the disease, for the tsetse-fly then 
became harmless. 

But his work had a more profound and 
larger application than this. By it he 
may be said to have laid the foundation of 
most of the discoveries which have since 
been made in regard to the part played by 
insects in the propagation of malaria and 
other diseases. Unhappily, the outbreak 
of the South African War completely inter- 
rupted his special researches. Together 
with his wife, Lady Bruce, who had taken 
an active part in all her husband's dis- 
coveries, particularly in connection with the 
microscopic work, he was shut up in Lady- 
smith at the beginning of the war. .He 
remained in the town during the long siege, 
and for his services he was mentioned in 
despatches and prompted to the rank of 
lieutenant-colonel After working on a 


commission sent out from England to 
investigate the cause and prevention 
of dysentery in armies in the field, he 
was lent to the Foreign Office for work 
in Uganda, and his second period of dis- 
covery began. 

The terrible disease of sleeping sickness 
had spread -from the Congo region to 
Uganda and the Nile. The ten thousand 
natives whom Emin Pasha had brought 
from the Congo to Uganda had carried the 
disease with them. There was danger that 
it would rapidly spread from Lake Victoria 
and Central Africa to the Zambesi and parts 
of the Transvaal. The Foreign Office 
wanted Sir David to prevent this, and make 
tropical Africa a country in which natives 
and white men could live. Dr. Dutton had 
recently lost his life while studying the 
disease ; but, before his heroic death in the 
cause of humanity, Dutton had found that 
a minute, worm-like creature brought about 
the fatal sleep by attacking with its poisons 
the brain and spinal cord. 

Sir David Bruce continued Dutton's 
work by making large collections of all the 
biting flics of Uganda. By this means he 
discovered that the distribution of sleeping 
sickness corresponded exactly with the 
distribution of a biting kind of tsetse-fly 
that bit human beings. Then, by a series 
of conclusive experiments, he proved that 
this fly carried the disease parasite, and 
introduced it into the blood of white men 
and natives when it bit them. So the 
problem of saving the whole of Africa and 
India from the sleep of death was reduced 
to the problem of killing one kind of fly. It 
is not improbable that the deadly disease- 
carrier has spread from its home on the 
Congo owing to the criminal destruction of 
birds by plumage hunters, for it has 
already been found that one kind of fly 
that spreads the malady is eagerly dis- 
covered and devoured by guinea-fowls 
'when it is in a larval state close to the roots 
of certain trees. 

After clearing up the mystery of sleeping 
sickness, Sir David Bruce, in 1911, went to 
Nyassaland, as director of the Royal 
Society’s Commission, to investigate the 
connection between wild animals and the 
tropical diseases attacking human beings 
and domesticated animals. If it is proved 
that the wild beasts of the tropics act as 
reservoirs of disease, by carrying in their 
blood, without harm to themselves, the 
germs of dreadful maladies that are making 
South Africa uninhabitable, it may be 
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necessary for tlie sake of humanity to 
destroy all the large game of the affected 
regions. Sir David Bruce married, in 
1883, Miss Mary Steele, who has, wherever 
possible, acted as her husband’s assistant 
and shared in his scientific work. 

COUNT BUFFON 
An Early Champion of Evolution 

George Louis Leelerc, afterwards made 
the Comte de Buffon, was born in Burgundy 
on September 7, 1707. After studying law 
and science, and making a grand tour, 
which included England, he became director 
of the King’s Garden in Paris, and deter- 
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mined to write his celebrated “ Natural 
History,” which was ultimately produced 
in fifteen volumes. 

*1 his was an encyclopaedia and, at the 
same time, a philosophy of the subject. 
Buffon was a master of language, with an 
ambitious mind, and his project was to 
present the whole of animated nature in 
the most magnificent literary form. As to 
the quality of his writing there is no 
doubt. Long before Carlyle he said that 
"Genius is only an unusual aptitude for 
patience, and we owe to him the epigram, 
“ Hie style is the man himself,” which is 
usually misquoted and misunderstood by 
the suppression of the last word. lie per- 
formed a lasting service for natural history 
by giving to the subject so magnificent 


and extensive a treatment. That was a 
great step forward, when the study of 
living nature was regarded as beneath the 
dignity of true philosophy and culture, as 
it is by many people even today. 

But a work so ambitious and grandiose, 
produced at such a date, with such re- 
sources, and by an author concerned above 
all to produce a magnificent monument, 
could not possibly be as inherently valuable 
as its size and pretensions suggested. 
" Travellers’ tales ” play far too large a 
part in it. The author wanted to include 
everything that was known, and even if it 
was not really known. We cannot, therefore, 
go to Buffon as an authority upon questions 
of fact in natural history. Yet we owe to 
him at least the lesson that natural history 
is second to no other science in dignity 
and interest, and that the. characteristics 
and behaviour of all kinds of living crea- 
tures are worthy of study even by man. 

Lastly, the name of Buffon is one of the 
few in the illustrious line of those students 
of the living world who maintained, before 
the nineteenth century, the doctrine of 
organic evolution as against the dogma of 
special creation. He saw and taught that 
the animal kingdom reveals a succession 
of forms, derived from one another; and 
we owe to him the bold and plausible idea 
that the first forms of life were naturally 
produced upon our planet in the ocean, 
and in the Polar regions, where the water 
would first be cool enough for life as we 
can imagine it to exist. Twenty-one years 
after the completion of his masterpiece, 
Buffon died in Paris, on April 15, 1788. 

W. B. CARPENTER 

The Discoverer of the Sub-Cortsclous Mind 

William Benjamin Carpenter, the son of 
a famous Unitarian minister, was born at 
Exeter on October 29, 1813. His sister, 
Mary Carpenter, made no contributions to 
science, but she drafted a Bill for national 
education in the ’forties of the nineteenth 
century, and her remarkable life must be 
placed beside that of her brother in any 
study of t lie natural history of talent, 
moral and intellectual. 

Young Carpenter began the study of 
medicine, and took his doctorate in Edin- 
burgh in 1839. Five years later he was 
elected a Fellow of the Royal Society, 
and in the following year "he became 
Professor of Physiology in the Royal 
Institution. There, and in his volumes 
published for the general reader, he showed 
his rare powers of exposition, and of 
saliently and clearly presenting, in due 
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proportion, the essential features of a 
subject. His "Principles of Physiology," 
first published in 1838, and revised by its 
author from time to time, was the accepted 
authority on its subject in this country 
for several decades, and is frequently quoted 
»,till. The present-day student who refers 
to it will agree that it deserved all its fame. 

Dr. Carpenter was an evolutionist, and 
a keen microscopist, but he was not a 
materialist. On the contrary, -he always 
maintained the reality of the mind. Like 
Shakespeare’s Malvolio, he thought nobly 
of the soul ; and he studied mental action 
so closely as to recognise what he called 
“ unconscious cerebration," or, as we now 
say, " the sub-conscious mind." In this 
he was a true pioneer, and stands apart 
from all his physiological contemporaries. 
Modern psychology is concerned above all 
with the study of that which Carpenter 
was the first clearly to recognise and 
name. Dr. Carpenter died in London on 
November 19, 1885, as the result of a tragic 
accident with a spirit-lamp. 

JEAN MARTIN CHARCOT 
A Great Master in Nerve Treatment 

Jean Martin Charcot, the great French 
expert in nerve diseases, was born in Paris 
on November 29, 1825. After a general 
and medical education, he began, in 1862, 
to work at the Salpetrierc, the institution 
which he has made so famous. 

His work lay in the realms of nervous 
disease, and led, like all faithful research 
in pathology, towards a better knowledge 
of health, and of the normal characteristics 
of mind and body. Thus his name will 
always be remembered in association with 
a strange and significant affection of the 
joints which is known as " Charcot’s 
disease." He found that this general 
disintegration of the structures of, for 
instance, the knee-joint occurred as a 
*' complication " of certain degenerations 
in the nervous substance of the spinal cord, 
to which we give the name of " locomotor 
ataxia." The meaning of the discovery 
is that the joints, like all other parts and 
tissues of the body without exception, 
depend for their health upon the healthy 
activity of certain nerves, which exercise 
a nutritive or " trophic function." How 
these trophic nerves act, we cannot say, 
hut the discovery of this function of the 
nervous system was a most important one. 

More famous still, among the public 
m general, are Charcot's researches into 
hysteria, conducted as thev were bv a 


man of extremely high prestige, and 
among an impressionable and superstitious 
type of patients. Much of what Charcot 
taught requires modification, and modern 
writers on the subject regard him as having 
opened rather than closed the subject, 
but rhe study of hypnotism could not be 
in its present state witliont him. The 
present French school of neurologists, 
famous everywhere, owe a great debc to 
this notable pioneer. He died in the dis- 
trict of Morvan on August 16, 1893. 

SIR THOMAS CLOUSTON 
The Mental Side of Adolescence 

Sir Thomas Clouston was born m the 
Orkneys, on April 22, 1840, and studied 
medicine in Edinburgh. He early specialised 
in diseases of the mind, and was for many 
years Physician Superintendent oi the 
Royal Morningside Asylum, Edinburgh, and 
lecturer on mental diseases in the university. 
His clinical lectures have passed through 
numerous editions, and arc among the most 
widely studied and highly valued text- 
books on insanity throughout the world, 
He has been President of the Royal College 
of Physicians of Edinburgh, and was 
knighted in 1911. 

Clouston is honoured by medical men 
all over the globe as an inspiring, original, 
and sympathetic teacher of psychiatry. 
He described many years ago what he 
called " phthisical insanity," a form of 
mental alienation due to intoxication by 
certain unknown substances added to the 
blood-stream in some cases of consumption ; 
and he is one of the foremost medical 
opponents of alcohol, on account of its 
action upon the functions and stability of 
the brain. Since his retirement from official 
w r ork in Edinburgh he has written a volume 
on " The Hygiene of Mind," which contains 
the ripe judgment of an author who speaks 
with almost unrivalled authority and ex- 
perience. This book has greatly extended 
the author's former fame. His interest in 
and enthusiasm for mental health, especially 
by the wise direction of adolescence, are 
inexhaustible, and for the last few years 
he has spent much time in writing and 
lecturing in London and Edinburgh for 
the National Council of Public Morals, 
and its journal, " Prevention," where his 
contemporary work is now to be found. 

GEORGES CUVIER 
The First Student of Fossil Remains 

Georges Cuvier, the most widely known 
zoologist of the early nineteenth century, was 
born on August 23. 1760, at Montbeliard. 
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of Huguenot ancestry, his mother being 
a most exceptional and devoted woman. 
At the age; of twenty-six he began to work 
in the Jardin des Plantes, in Paris, thanks 
to the help and influence of Geoffrey 
Saint-Hilaire, who is remembered for his 
leanings towards the now accepted theory 
of organic evolution. 

Many and substantial honours, scientific, 
social, political, awaited him. He became 
permanent secretary of the Institute of 
France and Chancellor of the University 
of Paris. During one period he lost Royal 
favour, on account of his championship of 
freedom of the Press, but under a new king 
he obtained greater honours than ever. 

Throughout his life Cuvier was an 
indefatigable worker. With this faculty 
for work there went a most tenacious 
memory, so that the range of facts in 
natural history upon which lie could draw 
at any time was enormous. This was 
before the days of systematic record- 
making, the use of the card system by 
men of science, and so forth. Cuvier had 
more facts of zoology in his head than 
anyone else, and his reputation very soon 
became supreme, with very serious conse- 
quences for knowledge. 

Cuvier was a copious and conscientious 
writer. His most famous work, upon 
"The Animal Kingdom," re presents a 
splendid attempt to improve our classifica- 
tion of animals according to their structure. 
This, of course, has been the aim of zo- 
ologists ever since the time of Aristotle; 
and Cuvier was certainly, of all men of 
his time, the best qualified*, by his encyclo- 
pedic knowledge, for the task. In several 
ways, subsequent zoology is much indebted 
to him, but his four-fold division of the 
animal kingdom was far too rigid and 
simple to satisfy extending knowledge. 

lhe name of this great observer is 
particularly associated with the study of 
the fishes, five thousand species being 
described, in his volumes on the subject. 
With these he had some help, but the 
directive and driving powers were his, 
and his work is a monument of devotion. 
Similar productions at the present day 
are the work of an army of specialists, each 
of whom works at his portion of the task 
with ant-like devotion. Cuvier was many 
such men in one. 

Above all, he was a student of fossils. 
The study of the fossil remains of animals, 
now called palaeontology, has never had a 
student to rival Cuvier. Today this science 
ranks higher than ever, thanks to many 
4504 


discoveries made since his day, and palace- 
botany has become* its parallel on the 
vegetable side. Cuvier was the first student 
of the extinct mammals, • and it will be 
readily Understood how his description of 
these remarkable remains increased his 
fame. To him fell the opportunity of being 
the first to describe the fossil remains of 
such creatures as the cave-bear, mastodon, 
extinct forms of the rhinoceros and elephant, 
and hosts -of other creatures besides that 
were strange to the men of his day. 

The results of all these researches are to be 
found in his chief work already referred 
to. His great predecessor, Linnaeus, the 
father of all systematists, had not been 
able to divide invertebrate animals into more 
than two categories— the insects and the 
worms. Cuvier could and did improve upon 
that ; and at any rate he taught, or re- 
affirmed, the lesson that we cannot classify 
animals unless we are prepared to study 
their individual structure as minutely as 
possible, and to trust to no foundation less 
secure than an anatomical one. 

He is indeed the great master of com- 
parative anatomy. His inexhaustible 
interest in his subject, and his powers of 
work, helped him to demonstrate that we 
must study various living forms beside one 
another, and try to recognise those struc- 
tures which are similar, or analogous, in 
each. It was from such studies as these 
that Cuvier was enabled — with much 
less accuracy than he or his contemporaries 
supposed — to reconstruct, in imagination, 
the bodily structure and form of extinct 
animals, from the study of very small 
portions of their fossilised skeletons. Argu- 
ing that the size of one part was “ corre- 
lated ” with the size of others, he ventured to 
define the whole of the animal from the part 
in this fashion. 

The amazing fact remains that, from first 
to last, Cuvier consistently opposed the 
theory of organic evolution, of which no 
man before his time had more palpable or 
abundant evidence daily displayed before 
him. We are apt to regard the theory of the 
descent of living forms as an invention of 
Darwin’s. It was, of course, stated by 
Darwin's grandfather, Erasmus Darwin, bv 
Goethe, by Cuvier's contemporary Lamarck, 
and by many thinkers besides. The idea was 
perfectly familiar, and was commonly dis- 
cussed by the leaders of natural history, 
before Darwin was born. We can only sur- 
mise to what extent Cuvier remained to 
the end under the influence of the religious 
teaching that he had received from his 
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mother, which doubtless included very species were fixed, organic evolution was a 
definite statements as to the Divine and myth, and specfhl creation a fact, 
exact authority of the Book of Genesis In truth, with his great powers in certain 

Anyhow, it is the fact that this great directions, Cuvier was not a natural 
student of fossils, with his unprecedented philosopher in any real sense of the term, 
survey of the animal kingdom, in time and No one has ever excelled him in observing 
space, championed ardently the doctrine of and recording, but interpretation is a very 
the fixity of species — upon which, indeed, different matter. It is the difference be- 
his entire system of classification reposed, tween sight and insight ; Cuvier had the 
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The theory of organic evolution thus found one, but Lamarck had the other. Cuvier 
itself met by the supreme naturalist of the wished to systematise the forms of the living 
age, with the inevitable consequences, world, and did so. But where would his 
Its representatives, who argued that living systems be if species were not fixed, and the 
forms changed, were met by the master'd types which he described could change 
palaeontology, who emoted the form- of into one another? He would not have 
fossils, notably^ in Egypt, which were it so. It would have shattered his scheme, 
closely similar to living forms. Therefore, Had Cuvier never lived, or had he been 
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endowed with deeper pow<js of mind, the 
doctrine of organic evolution would doubt- 
less have triumphed half a century sooner 
than it did. Perhaps the nearest parallel is 
the long delay in discovering the " undula- 
tory ” theory of light, due to the fact that 
the supreme Newton had recorded his 
verdict against it. 

Cuvier became Minister of the Interior in 
1832. He worked hard and wisely at 
schemes for national education, but died on 
May 13, 1832, in the same year as Goethe 
and Sir Walter Scott. 

CHARLES DARWIN 

The Man who Shook the World of Thought 

Charles Robert Darwin was born at 
Shrewsbury, on February 12, 1809. 

His father, Dr. Robert Darwin, was a 
successful physician, often described by 
his illustrious son as “ the wisest man I ever 
knew.” Charles Darwin’s mother was the 
daughter of Josiah Wedgwood, and Dr. 
Robert Darwin was the son of Erasmus Dar- 
win. According to Sir Francis Darwin , " we 
may hazard the guess that Charles Darwin 
inherited his sweetness of disposition from 
the Wedgwood side, while the character 
of his genius came rather from the Darwin 
grandfather.” 

Darwin’s mother died when he was eight, 
and in this year he went to a day-school in 
Shrewsbury, of which he says, in the priceless 
■ autobiographical sketch written for his 
children, “ By the time I went to this day- 
school my taste for natural history, and 
more especially for collecting, was well de- 
veloped. I tried to make out the names 
of plants, and collected all sorts of things— 
shells, seals, franks, coins, and minerals. 
The passion for collecting which leads a man 
to be a systematic naturalist, or virtuoso, 
or a miser was very strong in me, and 
was clearly innate, as none of my sisters 
or brother ever had this taste.” 

In 1818, Darwin went to "Dr. Butler's 
great school in Shrewsbury,” and stayed 
there for seven years His master con- 
demned him as entirely dull, and his own 
mature verdict, not written for publication, 
is as follows—” Nothing could have been 
worse for the development of my mind 
than Dr. Butler’s school, as it was strictly 
classical, nothing else being taught, except 
a little ancient geography and history. The 
school &s a means of education to me was 
simply a blank. When I left the school I 
was for my age neither high nor low in it ; 
and I believe that I was considered by all 
my masters, and by my father, as a very 
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ordinary boy, rather below the common 
standard in intellect.” 

At school young Darwin loved poetry, 
a taste he later lost, and he also enjoyeda 
book called ” The Wonders of the World.” 
which gave him the wish to travel, ulti- 
mately fulfilled by the voyage of the 
” Beagle.” From his useless school he went 
to Edinburgh to study medicine, but with 
little success. He never began dissection, 
and he could not draw, two disadvantages 
which he describes as ” irremediable evils ” 
for his life-work. He saw two operations, 
one on a child, but had to rush away 
before they were done, "this being long 
before the blessed days of chloroform.” 
It is interesting to note the ever-recurrent 
evidence of humanity and kind-heartedness 
in this man, who tells us that his humane 
ideas were entirely derived from his sisters’ 
tuition, and that he doubts " whether 
humanity is an innate or natural quality.” 

But Darwin was not destined by nature for 
medicine, and soon he and his father agreed 
that he should become a clergyman, so 
he left Edinburgh for Cambridge, where he 
found that lie had actually forgotten even 
the Greek alphabet. As he tells us, “ My 
time was sadly wasted then, and worse than 
wasted.” He shot and hunted, and rode 
and dined, " and we sometimes drank too 
much.” But he learned to love music, 
especially the anthem at King’s College 
Chapel, which would sometimes make his 
backbone shiver, a fact which puzzled him, 
for he could never hum a tune, or even 
recognise " God Save the King ” when 
played rather slower or faster than usual. 
Collecting beetles, however, beat hunting 
and driving and music, for T)arwin at 
Cambridge. One of his sporting friends, 
seeing him at his beetles, told him he would 
one day be a Fellow of the Royal Society, 
“ and the notion seemed to me to be 
preposterous.” At Cambridge he read 
Humboldt and Sir John Herschel, and in 
1831 he went as unpaid naturalist on the 
voyage of the “ Beagle,” which he describes 
as "by far the most important event in 
my life.” 

For five years the young naturalist 
observed and recorded, observed and re- 
corded ; and soon after his return home — 
in July, 1837, to be precise—" I opened,” he 
says, " my first notebook of facts m relation 
to the * Origin of Species,’ about which I 
had long reflected, and never ceased work- 
ing for the next twenty years.” 

In 1839, Darwin married his cousin, 
Emma Wedgwood, a fact worthy of note, 
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for from these cousins there sprang the 
family which includes the late Sir Gcflrge 
Darwin, Sir Francis Darwin, Mr. Horace 
Darwin, and Major Leonard Darwin, all 
notable and able men. He was a devoted 
husband and father. No one who has any 
vestige of feeling for beauty of character 
should omit to read the chapter “ Remi- 
niscences,” in Sir Francis Darwin's Life of 
his father. His children adored him. His de- 
voted wife tended him unfailingly through- 
out the cruelly harassing nervous dyspepsia 
which never left him. This alone made his 
life and work possible, as Sir Francis thus 
records : 11 For nearly forty years he never 
knew one day of the health of ordinary 
men, and thus his life was one long struggle 
against the weariness and strain of sickness. 
And this cannot be told without speaking 
of the one condition which enabled him to 
bear the strain and fight out the struggle 
to the end.” 

He loved dogs without limit ; indeed, he 
had a feeling for every living tiling, and 
personified them, one and all. Says his 
son : “I used to like to hear him admire 
the beauty of a flower ; it was a kind of 
gratitude to the flower itself, and a personal 
love for its delicate form and colour. I seem 
to remember him gently touching a flower 
he delighted in ; it was the same simple 
admiration that a child might have.” Sir 
Leslie Stephen, comparing Dean Swift’s 
observations on servants with those of 
Darwin on worms, says : " The difference 
is that Darwin had none but kindly feelings 
for worms.” These facts are interesting 
when we remember the purely mechanical 
theory of living creatures which has been 
erected upon Darwin's writings, and is 
known as Darwinism. 

The writings themselves are implicit in the 
whole of modern biology, and no discussion 
of life in general, or of any of its aspects, 
can now be written without constant 
reference to them. Here, therefore, we 
merely note, for form's sake, the publication 
of the “ Origin of Species,” in 1859;” The 
Descent of Man,” in 1871 ; “The Expression of 
the Emotions in Man and Animals,” in 1872, 
among several works of less importance. 

This man, whose works aroused the most 
fierce and unremitting controversy in the 
history of knowledge, was himself as gentle 
as one of the flowers he loved. He never 
entered into controversy himself, though 
he found doughty champions in Huxley, 
Haeckel, and others. His personality and 
his own teaching were widely different from 
the doctrine which goes by his name, and 


which modern biology has already relegated 
to an entirely subordinate position, of no 
central moment in the problems with which 
• it professed to deal. 

What Darwin called “ natural selection " 
as an explanation, in part, of adaptation is 
the true Darwinism, which Darwin himself 
taught. This doctrine stands today, so 
long as no more is piled upon it than its 
author gives us warrant for. But we have 
finally abandoned the ingenuous notion of 
the nineteenth century that Darwin had 
closed any chapter in biological theory. 
It is to his lasting credit that he boldly, 
honestly, unweariedly opened many, but 
he closed none. 

He was a supremely great observer, but 
not strictly a thinker. Though he was a 
student of life, from first to last, he never 
framed or seemed desirous of framing any 
ideas as to the nature of life, which is, 
after all, the essential problem of biology. 
He tells us that his mind soon became lost 
when he embarked upon abstract concep- 
tions. But, though his ’work is used as the 
great argument against Design, and though 
the opposition between Paley and what 
is called “ Darwinism ” is absolute, he 
once recorded his “ inward conviction that 
the Universe is not the result of chance.” 

This great man, morally and in all 
essential qualities of mind as near perfection 
as we can imagine, the very exemplar for 
all time of what the student of Nature 
should be, a man whose daily life and 
character are a sufficient illustration of 
the impotence of “ Darwinism ” to explain 
the supreme phenomena of Life and Mind, 
died on April 19, 1882, and, to the credit 
of his contemporaries, was buried in 
Westminster Abbey, where his mortal 
remains lie close to those of Newton. 

ERASMUS DARWIN 
The First Poet of Organic Evolution 

Erasmus Darwin was born at Elton, 
Notts, on December 12, 1731. He graduated 
in medicine at Edinburgh, and soon became 
a very successful practitioner in Lichfield. 

But we do not remember him as a 
doctor, though he may be honoured for 
the horror of drunkenness which his illus- 
trious grandson Charles Darwin shared. 
Erasmus Darwin was essentially a man oi 
science, though his contemporary reputa- 
tion was that of a poet. Today we do not 
find any of the essentials of poetry m 
“ The Loves of the Plants,” though it is 
written in metre, and abounds in classical 
metaphors and mythological allusions. The 
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tmly feature of this poem which interests 
us is the fact that it reveals, in the grand- 
father, exactly the same love of and interest 
in living creatures which we find in the 
grandson. This sympathetic observation 
also led Erasmus Darwin to the. view that, 
oven in vegetable organisms, signs of sen- 
sation, and even of will, may be found. 
This opinion has its own historical interest, 
loo, for it anticipates, in some degree, 
Sir Francis Darwin's observations. 

But, above all, Erasmus Darwin is to be 
remembered for his famous anticipation of 
the theory of organic evolution. In his 
boyhood Charles Darwin read his grand- 
father's views, and they must have helped 
him to liberate himself from the accepted 
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doctrine of the fixity of species, but on 
later reading Charles Darwin candidly 
admitted that he found his grandfather's 
views somewhat disappointing, owing to 
the excess of speculation over fact. 

In 1781 Erasmus Darwin went to live 
in Derby. He was twice married, with 
very notable consequences, for by his first 
wife he became the grandfather of Charles 
Darwin, and by his second of Francis 
Dalton, thus furnishing very conspicuous 
illustrations of what his younger grandson, 
when making the first serious attempt to 
place the problem of heredity permanently 
upon a scientific basis, was to call “ eugenic 
marriages." \ 

He died at Derby on April 18, 1802. 


SIR FRANCIS DARWIN 
A Great Investigator of Plant Life 

Sir Francis Darwin, the third son of 
Charles Darwin, was born at Down, in 
Kent, his father's famous home, on August 
16, 1848. He was educated at Cambridge 
and in London, taking a medical degree, 
but became his father's helper, and so 
remained until 1882, when his father died. 
Since then he has lived in Cambridge, 
where for some time he was Reader in 
Botany. He was President of the British As- 
sociation in 1908, and was knighted in 1912. 

Sir Francis Darwin’s name and work 
will always be associated chiefly with his 
father’s. His biography of his father is a 
fine piece of work, and its many admirers 
were much gratified when, in 1903, Sir 
Francis issued two more volumes entitled 
“ More Letters of Charles Darwin," which 
are crammed with valuable and interesting 
matter. In 1909 Sir Francis also published 
a short work, “ Foundations of the ‘ Origin 
of Species,' " dealing with the genesis of 
the famous volume of which the jubilee 
was celebrated in that year. 

Sir Francis’s botanical textbooks are 
less interesting than some of his own re- 
markable researches into aspects of botany 
which did not much enter into his father’s 
work. As early as 1876, when he was 
living with his father at Down, he began 
his researches into the functions of plants, 
and he has been able to show the fashion 
in which plants are aware of and adapt 
themselves to the force of gravitation. 
Indeed, it is not too much to say that his 
work has tended decidedly away from 
what is usually misnamed “ Darwinism," 
and agrees much more closely with the 
fashion in which both his father and 
great-grandfather Erasmus were wont to 
look upon the behaviour of plant organisms. 

C. B. DAVENPORT 
A Master of the Facts of Heredity 

Charles Benedict Davenport was born at 
Stamford, Connecticut, on June 1, 1866, 
and began the study of science at Harvard 
University, where he took the doctorate in 
philosophy in 1892. During some years, 
while he was teaching zoology in various 
American universities, he began the ex- 
perimental study of the conditions of 
growth and development. His first book 
was on “ experimental morphology/' and 
later he became attracted to those statistical 
methods which seemed, at the end of the 
nineteenth century, to be the most promis- 
ing instrument for progress in biology. 
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Then came the rediscovery of Mendelisrn, 
with its obvious demand for new researches 
in heredity by actual breeding experiments. 
Hence, since 1904, Dr. Davenport lias been 
director of the Station for Experimental 
Evolution of the Carnegie Institution of 
Washington, and there, during several 
years, he experimentally investigated the 
facts of inheritance in fowls, canaries, etc. 
He thus became recognised as the leading 
Mendelian worker in America, and it was 
inevitable that his work, sooner or later, 
should take cognisance of the problems 
offered by man. 

In 1909, thanks to an impulse from this 
country, interest in eugenics became 
aroused in the United States ; and late in 
the following year the Eugenics Record 
Office was established, beside the station 
of the Carnegie Institution in Long Island, 
New York, by the Eugenics Section of the 
American Breeders' Association, with Dr. 
Davenport as its secretary. Since that 
date Dr. Davenport has devoted himself 
increasingly to eugenic research, with con- 
spicuous success. He has written a popular 
volume on the subject, and has set in 
motion a large amount of first-hand work, 
with the aid of “ held workers ” trained by 
himself for the purpose. The publications 
of this Office now include eight bulletins 
and two memoirs, and have already shed 
light on many problems in human heredity. 
Particularly notable is Dr. Davenport's 
study of the heredity of epilepsy, published 
in 1911, and he contributed a paper on 
“ Marriage Laws and Customs " to the 
Eugenics Congress in London in 1912. He 
has made his Record Office by far the most 
important centre of research in the world 
for the study of human genetics. 

HUGO DE VRIES 

A Scientist who Believes in Jumping Changes 

Hugo de Vries was born at Haarlem 
in 1848, and is now Professor of Plant 
Anatomy and Physiology in the University 
of Amsterdam. 1 1 is writings have won him 
great academic honour in his own and other 
lands. De Vries stands for the idea that 
new species naturally originate in the 
living world not by the slow accumulation 
of minute differences, but by the sudden 
appearance of new forms. His world-wide 
fame dates from the publication, in 1901, 
of his great book “ The Mutations Theory." 
In it he argues that we have hitherto 
neglected those stable, sudden, and usually 
large changes in species which he calls 
mutations, as distinguished from the 
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minute, unstable differences which he hag 
now taught us all to call fluctuations. This 
theory of De Vries was mainly based on 
some observations which he made upon the* 
evening primrose and its behaviour in a 
state of nature. Upon his work there 
came to be founded a school called the 
“ Mutationists," who are, or were, obviously 
allied to the Mendelians, both of them 
being distinguished by their appreciation 
of the importance of distinguishing, as 
Darwinism did not, between differences 
that arc inheritable and the mere fluctua- 
tions that are not. 

It is not too much to say that the ex- 
periments and observations of the great 
Dutch botanist have inaugurated a new 
epoch in the history of biology. In the 
first place, he was one of the three botanists 
who published independent papers in the 
spring of 1900 and rediscovered the work 
of Mendel ; and his own contributions have 
been overshadowed in importance only by 
the long overlooked experiments of the 
great man to whose work he directed us. 

HANS DRIESCH 

A Philosopher who Finds Intelligence in All Life 

Hans Adolf Eduard Driesch, the leader 
of a young but interesting school in modern 
science, is the son of a Hamburg merchant. 
He was born at Krcuznach, in Rhenish 
Prussia, on October 28, 1867. lie studied 
at Hamburg fill nineteen, and then went to 
various German universities ; but it was 
two periods of travel in tropical Asia, 
through Ceylon, India, Burmah, and Java, 
that gave his mind its special bent towards 
the study of the force of life. He also spent 
nearly nine years in the continuous study 
of experimental biology at the Zoological 
Station of Naples. 

It is largely on the facts and ideas which 
he obtained at Naples that his remarkable 
views on life are based. lie has made 
various visits to Naples since he settled, 
in 1900, at Heidelberg, of which university 
he was appointed, in 1911, Professor of 
Philosophy. For he is a philosopher with 
a set of ideas that are furiously attacked 
and ardently defended, and he tries 
to keep in touch incessantly with the 
study of living forms on which his system 
of thought is built. 

He had a brilliant reception from many 
leading Scotsmen when he came to Aber- 
deen, in 1907 and 1908, to deliver the course 
of Gifford lectures, in which his remarkable 
and hotly contested ideas of life were ex- 
plained at great length. He is opposed to 
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mrn like Dr. Schafer, who try to reduce 
l he whole of life to the interaction of 
physical and chemical forces. He asserts 
i hat when all that is mechanical in the life- 
Inrce is described, there still remains some- 
thing over. He identifies the principle of 
life with some directive activity of a spiri- 
tual sort, and he brings together a series of 
iti iking facts supporting his view. 

Among them are Semon’s observations on 
mnmry in plants, which have lately been 
developed in masterly fashion by one of 
Charles Darwin's sons. And more important 


strangely like intelligence. When tne 
stentor was cut into minute pieces, one 
twenty-seventh part of it was able to grow 
and evolve into an entire living creature. 
Surely there was some directive principle 
in this fragment, of living matter which 
enabled it to redevelop in so unexpected 
and marvellous a fashion ? 

On the base of facts such as these, Dr. 
Driesch has built a theory of life as a self- 
directive principle which uses the mechanism 
of the universe for its own purpose. Sug- 
gestive and interesting as Dr. Dricsch's 
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still is Herbert Jennings's account of the 
behaviour of the stentor, one of the very 
lowest of organisms When a stentor was 
sprinkled with a disagreeable powder, it 
did not persist in merely reacting against 
the strange stuff in an unvarying manner, 
as it might have done on the mechanical 
theory. It employs a rational method of 
| p «il and error. Finding it could not cleanse 
itself by one means, it tried another and yet 
another, until it succeeded in its object.’ 
Its movements were' neither reflex nor in- 
stinctive — they were governed by something 


views are, he appears to overlook some^m- 
portant facts. Chief among them is the 
existence of much waste and misdirection 
in life, of which some explanation is afforded 
by the theory of natural selection. Dr. 
Driesch is not a clear writer, and it is 
possible that his want of clearness in ex- 
pression is partly due to a want of clear- 
ness in thought, but, though he has his 
limitations, and can only give a partial ex- 
planation of the riddle of life, there are some 
stubborn facts behind his vigorous attack 
on the mechanistic school. 
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COLUMBUS EXPOUNDING HIS PROJECTS IN VAIN TO THE CLERICAL COUNCIL OF SALAMANCA 



COLUMBUS ABOUT TO SET SAIL INTO INFINITY FROM SALTES, NEAR PALOS, ON AUGUST 3, 1 492 



THB DEATH OF COLUMBUS AT VALLADOLID, WORN OUT BY HARDSHIP AND NEGLECT, MAY 20 , 1506 
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EXPLORERS 


ROBERT O’HARA BURKE— THE SECOND 
EXPLORER TO CROSS AUSTRALIA 
SIR RICHARD BURTON— AN ADVENTURER 
IN EASTERN LANDS 

JOHN CABOT— THE FIRST VOYAGER TO 
THE AMERICAN MAINLAND 
PHILIP CARTERET— AN EXPLORER OF THE 
SOUTH PACIFIC 

JACQUES CARTIER — EXPLORE R AND 
COLONISER OF CANADA 

ROBERT O’HARA BURKE 
The Second Explorer to Cross Australia 

R obert O'Hara Burke, who at the cost 
of his life won the honour of being the 
second man to cross Australia northward 
from sea to sea, belonged to a family of 
Irish soldiers, remarkable for their bravery. 
He was born in 1821 at St. Cleram, in the 
county of Galway, and in accordance 
Avkli family traditions entered the army, 
studying as a cadet at Woolwich Academy. 
Jn search of adventure, he enlisted in the 
Austrian service, joining the Hungarian 
Hussars, with whom he quickly won a 
lieutenancy. At twenty-seven, however, 
lie returned to Ireland, and obtained an 
appointment in the Irish Constabulary, but 
live years afterwards went forth again, 
in search of adventure, to Australia. The 
outbreak of the Crimean War brought him 
home, but, finding he was too late to take 
part in the fighting, he returned to Australia, 
where he had won a position of police 
inspector in Victoria. 

Here at last he obtained the opening 
into the world of wild adventure for which 
lie had been seeking all his life. The people 
of Victoria had the wealthiest and most 
important of the Australian colonics, and 
in 1858 felt that they ought to take a large 
share of the work of exploring the southern 
continent, and discovering new lands for 
settlement. They raised a large sum of 
money to fit out an exploring expedition, 
and Burke was appointed leader. He took 
with him William John Wills, a Devonshire 
man attached to the Melbourne Observa- 
tory, and fourteen other men, one of whom 
was a native of India ig charge of the camels 
that had been imported for desert travelling. 
On August 20, i860, the exploring party 
left the Royal Park at Melbourne, and 
crossed the territory of New South Wales, 
establishing their first depot at Menindie. 
Here two of Burke's chief men resigned at 
the moment when the actual dangers of tlie 
exploration began ; so he engaged a cattle- 
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FRANCIS RAWDON C H ESN EY— FATHER OF 

THE SUEZ CANAL 

CHRISTOPH ER COLUM BUS— THE MAN WHO 
FOUND THE NEW WORLD 
CAPTAIN COOK -EXPLORER OF MORE 
COAST THAN ANY OTHER SEAMAN 
HERNANDO CORTES— AN EXPLORER AT 
THE POINT OF THE SWORD 
VASCO DA GAMA— WHO OPENED UP 
THE SEA-ROUTE TO TIIE EAST 

man from Darling River, Wright, who 
offered to guide the party to a point 400 
miles farther on, known as Cooper’s Creek. 
The route was found to be excellent ; it ran 
through grass-land, with water-holes only 
twenty miles apart at the most. 

Burke was so pleased with Wright that 
he sent him back with the express order to 
bring up the stores as rapidly as possible 
from Menindie to Coopers Creek. Un- 
happily, Wright disobeyed this order, with 
the result that .the men who trusted him 
went forth into the desert to a most terrible 
death. Cooper’s Creek a sort of inland 
lake— was reached on November 11 ; it 
was the fifty-seventh camping-place of the 
exploring party. An attempt was made 
to find water in t lie northern wilderness, 
but after travelling for ninety miles and 
losing some of their camels the men were 
compelled to return. Early in December 
Burke made arrangements to solve the 
problem of crossing the continent from sea, 
to sea, by proceeding to the Gulf of Carpen- 
taria, on the northern coast. He left four 
men at Cooper’s CTeek, with orders to stay 
there until provisions ran short. Then, at 
the head of the advance party, consisting 
of W. J. Wills, John King, and Charles 
Grey, he set out on his journey to death. 

It was on December 16, i860, that the 
four white men struck through the northern 
wilderness. They were soon troubled by 
warlike tribes of blackfellows, but on each 
occasion they managed to frighten the 
savages off without hurt. The explorers 
were now on the unknown western edge of 
Queensland, and found the country fairly 
well grassed and watered. Meeting more 
savage tribes, Burke won them over with 
gifts. It was quite a pleasant excursion ; 
the party was well fed and in good health ; 
and on February 9, 1861, Burke and Wills 
went on ahead, walking down the Flinders 
River, and reached the salt swamp on the 
Gulf of Carpentaria. The great object 
of the mission was accomplished, and 
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the Australian continent was completely 
crossed from south to north. 

By this time, however, the stock of pro- 
visions was sadly reduced, and on February 
13 the four men started homeward on short 
rations. It rained continually, and the 
mud was so deep that for a time the party 
could only travel four or five miles a day. 
So the journey was lengthened and the food 
supply terribly shortened. Grey first began 
to feel ill, and four days before the party 
reached the depot at Cooper's Creek he 
died. The survivors were so weak that it 
took them a whole day to dig his grave. 
This delay proved fatal, for when they 
arrived at the depot at Cooper’s Creek the 
rest of the expedit ion had started bark seven 


hours before. Wright, the cattleman, had not 
brought up the supplies from the chief depot, 
and illness and shortage of food had com- 
pelled the waiting party to go back. Burke 
and Willis and King crawled after them ; 
all their food gave out, and their last hope 
was to find a friendly tribe of blackfellows. 

Wills fell first, dying while Burke and King 
vainly sought for food for him. Burke 
could only drag himself two miles further, 
and on the night of June 28, 1861, he 
expired, with King sitting beside him. Two 
days afterwards King discovered a store of 
native food, and ate it, and made friends 
with the blackfellows by curing one of their 
women. He lived with the tribe until 
the rescue expedition found him. 
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SIR RICHARD BURTON 
An Adventurer in Eastern Lands 

Sir Richard Francis Burton was an Eliza 
bethan adventurer born two centuries and t 
half out of time. Fate, that brought hin 
into the world on March ic), 1821, a* 
Barham House, in Hertfordshire, preventet 
him from shining beside Raleigh and his tru< 
peers. The son of an Irishman and a lady o 
the Highland stock, Burton looked like j 
gipsy, and led a wildly adventurous anc 
wandering life. Educated in France and 
Italy, he there acquired the beginnings ol 
his mastery of languages and his passion foi 
travel. An attempt was made to tame him by 
sending him to Oxford, but when a fellow- 
student chaffed him about his personal 


appearance Burton flared up and wanted to 
fight a duel. Modern England was too quiet 
a pljfce for him in his twenty-first year, 
and he found an outlet for his energies in 
India, where, for some years, he wandered 
about Scinde, picking up native tongues 
and native ways. At last even the Indian 
Pathans often could not penetrate his 
disguise when he dressed as one of them and 
mingled with them. All this masquerading of 
Burton had purpose and meaning behind it. 

By 1853 he felt sufficiently sure of him- 
self to lay before the Royal Geographical 
Society a proposal to go to Arabia as an 
Indian Mohammedan, and fill up the big, 
blank white spaces on the maps of that 
country. The scheme was approved, and, 
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dressed as an Indian Pathan, Burton set 
off like an ordinary native bound on a 
pilgrimage to Mecca. On landing on the 
Arabian coast, he marched through a 
desolate country to Medina, and then joined 
a large caravan of pilgrims, and travelled 
for twelve days through a wild volcanic 
country unknown to Europeans. Burton 
carried no arms, and when he chanced to 
make some little mistake in manners or 
etiquette he saved himself by his presence 
of mind and cool courage. But, as a rule, 
the strange Indian Pathan was forgiven any 
little eccentricity, by reason of the remote- 
ness of his country from the birthplace of 
Mohammedanism. He was stopped, how- 


left Aden, disguised as an Arab merchant, 
and went in search of Harar, the mysterious. 
After penetrating a vast and populous region 
scarcely known to geographers, Burton 
reached his goal, and then returned to 
Arabia in February for stores to help him 
on a second and longer journey. But this he 
never carried out, for, joining Speke, he 
resolved to ascertain the truth of certain 
rumours that constantly reached him of a 
vast sea lying in the heart of Africa. 

Early in 1856 the two young explorers 
left Zanzibar and plunged into the tropical 
African jungle. They were both stricken 
with the malaria of the river valleys, but 
pushed on till they reached a cool and 
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Lrum the painting by John Longstatf, in the possession of the Government of New South Wales. 


ever, from exploring Central Arabia bf an 
outbreak of war among the tribes. He had 
lo be content with winning the sanctity 
attaching to the true believer who makes 
a pilgrimage to Mecca. 

On returning to India, the last of the 
great adventurers looked for new regions of 
perilous exploration. At that time the 
capital of Somaliland, Harar, was exer- 
cising over the imagination of Europeans a 
poetic fascination such as attached to 
Llassa in our days. An air of mystery and 
danger enveloped it, and Burton resolved to 
dispel the mystery. The Government ap-^ 
proved his plan, and on October, 1854, he 


pleasant land of mountains, where they 
recovered their strength. Farther on, 
Burton was stricken with a peculiar 
paralysis, the effects of which lasted over 
a year. But, on running ahead of the 
caravan to reprove a native guide, he saw 
before his eyes, on February 13, 1858, the 
shining waters of Lake Tanganyika. Then, 
while Burton was still ill, Speke, acting on 
information given him by his companion, 
pushed on and discovered Victoria Nyanza. 
Burton returned to Zanzibar in a hammock, 
and on March 22, 1859, he turned home. 

But three years later he was lost to view 
on the opposite side of Africa, busy exploring 
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Benin and Dahomey; and before he arrived 
at middle age he compressed into his life, 
as Lord Derby said, more of study, more of 
hardship, and more of successful enter- 
prise and adventure than would have 
sufficed to fill up the existence of half a 
dozen ordinary men. 

But in 1861 he entered the employ of the 
Foreign Office, and served as consul in 
different parts of the world until his death, 
at Trieste, October 20, 1890. Many books 
by him record the strange adventures of his 
life. “ The Pilgrimage to Al-Medinah and 
Mcccah " is perhaps the best from a literary 
point of view. But his “ Lake Regions of 
Equatorial Africa/' published in i860, is 
his greatest contribution to geographical 
science. Excellent also, and full of exciting 
romance, is his “ First Footsteps in East 
Africa," an account of his visit to the 
Somali capital, that no white man had 
entered before him. 

JOHN CABOT 

The First Voyager to the American Mainland 

John Cabot, the discoverer of the Ameri- 
can mainland, seems to have been, like 
Columbus, a Genoese, his true name being 
Giovanni Cabotfo. He was naturalised at 
Venice in 1476, where his son Sebastiano was 
probably born in 1474. He again migrated, 
and in 1490 settled with his family at Bris- 
tol, where he became a wealthy merchant. 
When the news came, in 1493, that Columbus 
had discovered India, Cabot inquired into 
the matter, and came to the conclusion that 
his fellow-townsman had not done so. It 
seemed to him that Columbus had only 
struck some unimportant islands on the 
road to India, and he reckoned that if he 
set out on a more northerly course he would 
reach that island of wonders Cipango, 
which, according to rumour, was the treasure- 
house of the world, where the palaces of the 
princes were as richly furnished as Solomon's 
temple. Such was the European idea of 
Japan at the close of the fifteenth century. 

Cabot went to London, and explained his 
plan to Henry VII. pointing out that by 
sailing in a straight western course from 
England he could reach the eastern coast 
of Asia by a shorter route than that taken 
by Columbus. The first and most economi- 
cal of the Tudors generously granted Cabot, 
on March 5, 1496, a charter, by which the 
Bristol merchant was allowed to equip a 
ship at his own charges, and hand over to 
the King a large share of all the profits of 
the discovery ; and in the spring of 1497 
Cabot set sail from Bristol with two small 
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ships, and landed on June 24, as he thought, 
in China, and planted the flags of England 
and Venice there. Whether he struck 
Newfoundland or the isle of Cape Breton 
is uncertain, but there are grounds for 
supposing that he touched at Labrador, and 
found some snares laid by hunting tribes, 
who concealed themselves from him. 
Columbus had only touched the islands of 
the West Indies ; Cabot was the first to 
reach America. As a reward for the actual 
discovery of the New World, Cabot received 
from the King of England the sum of £10 ! 
New empires were very cheap in those 
days. Cabot, however, seems to have 
drawn great profit from the cod fisheries lie 
found off Newfoundland. He entered into 
partnership with some Englishmen, who 
gave up the Iceland fishing grounds, and 
held for some time the monopoly of the 
Great Banks. 

Cabot was still certain that he had only 
to follow the coast of the American main- 
land in order to arrive opposite to Japan, 
“ where all the spices of the world grow, 
and where there arc also gems." As the 
king would not advance any money, the 
explorer combined with the merchants of 
Bristol to fit out and provision five ships 
for a second voyage to what lie fancied was 
the Far East. It used to be thought that 
Sebastiano Cabot, the son, was the leader of 
the second expedition, but a recent au- 
thority on the subject, Harrisse, thinks that 
John Cabot, the father, again commanded 
the ships, and that the son, after his death, 
wrongfully assumed the credit of the 
important discoveries that were made. 

In 1498 the little fleet from Bristol was 
among the icebergs of the Northern Atlantic. 
Then, turning south to avoid the ice, 
Cabot again passed Newfoundland and 
coasted along Labrador as far north 
probably as Hudson Strait. He found a 
people wearing the skins of animals, and 
living in a very barren country, in which 
there were many white bears and deer as 
large as horses. Appalled by the desolation 
and the dangerous ice, Cabot turned hit- 
fleet southward, and sought as far as Florida 
for a passage to China and the Indies. 

Weise, the author of “ The Discoveries 
of America," contends* that this part of 
Cabot’s voyage is a pure legend, but 
Spanish writers, though having good reason 
to belittle the results of the Bristol expe- 
dition, are agreed that Cabot led his fleet 
down to the north of Cuba. The American 
Polar explorer General Grcely, in his 
“ Handbook of Polar Discoveries," also 
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credits Cabot with exploring the American 
mainland from the mouth of Hudson 
Strait to Florida. He says the voyage 
14 resulted in the knowledge of some 1800 
miles of American sea-coast, and, while 
disclosing the existence of a great continent 
as an insuperable barrier to voyagers of 
China, it incidentally gave such an accurate 
knowledge of America as led to unexpected 
advantages in later voyages, enabling 
explorers to have more specific aims and 
definite destination.” 

John Cabot died soon after his second 
voyage, and Sebastiano entered the service 
of Ferdinand V. of .Spain. On behalf of 
the Spanish Government he examined, in 
1526, the coast of Brazil and the Plate 
River. But he was imprisoned, and then 
banished, for failing in an attempt to 
plant a colony ; and in 1554 h e returned 
to England and taught the boy king, 
Edward VI., the variations of the magnetic 
compass, and was appointed inspector of 
the English Navy. He was one of the 
promoters of the English expedition that 
tried to find a passage to China, around 
the coasts of Scandinavia and Russia. He 
died in London in the year 1557. 

PHILIP CARTERET 
An Explorer of the South Pacific 

Philip Carteret, rear admiral, a discoverer 
of the South Sea Islands, emerges into the 
light of history as a lieutenant of the 
44 Dolphin/’that sailed round the world under 
Byron in 1764. Byron, the grandfather of 
the famous poet, had served under Anson, 
been wrecked in the Straits of Magellan, and 
was taken prisoner by the Spaniards and 
imprisoned for three years in Chili. He 
escaped on a Breton ship, that took him 
back to Europe. After further distin- 
guishing himself in the war with France, he 
received the command of two ships from the 
Admiralty — one being the 44 Dolphin,” on 
which we first find Philip Carteret, of whose 
early life nothing seems to be known. The 
vessels sailed from Plymouth on July 3, 
1764, and everybody on board except Byron 
thought they were bound for the Indies. 
But olf Rio de Janeiro the leader assembled 
his men and read to them the secret instruc- 
tions given him by the Admiralty. 

Nothing,” ran the Admiralty instruc- 
tions, “contributes more to the glory of 
this nation than the discovery of new 
regions. As there is every reason for 
believing in the existence of lands and 
islands in great numbers between the Cape 
of Good Hope and the Straits of Magellan, 


situated in latitudes suitable for navigatioi 
and in climates productive of marketabl 
commodities, his Majesty, conceiving th 
existing state of profound peace especiall; 
suitable for such an undertaking, ha 
decided to put it into execution.” Th 
crews were promised double pay, wit I 
future advancements and enjoyments, i 
the Lords of the Admiralty were please( 
with their services. Naturally the sailor 
cheered when the paper was read to them 
and not only at the prospect of adventure am 
personal gain. It was the age of Chatham 
the greatest and the most far-sighted of ou 
empire-builders, and his spirit animate 
this band of explorers, the first Englishmci 
to sail the South Seas with this definite 
object of finding lands for colonisation. 

The 44 Dolphin ” anchored in the Downs 01 
May 9, 1766, after the most fortunate o 
all the circumnavigation voyages under 
taken by our nation, but the scientific 
results were not of much importance, a: 
Byron only discovered a few new islands ii 
the South Seas, and no men of science wen 
sent with him to make special geographica 
observations. But the Government wa; 
resolved to carry out the entire plan they ha< 
conceived. Six weeks after the 44 Dolphin ' 
anchored in the Downs, Captain Samue 
Wallis, an officer of the Marines, who ha< 
distinguished himself in land warfare ii 
Canada, was entrusted with the command o 
a new expedition, and Carteret accompaniec 
him in charge of a sloop, the 44 Swallow.” 

Carteret came to the conclusion that Ik 
and liis inen were going to their death, foi 
the 44 Swallow ” had been thirty years in ser 
vice, her sheathing was worn away, and sin 
was quite unseaworthy. He pointed matter; 
out to Wallis, but the marine told tin 
sailor to obey Admiralty orders ; and witl 
inadequate provisions and leaking timber 
the 44 Swallow” sailed with the 44 Dolphin ' 
from England on August 22, 1766. While 
clearing the Straits of Magellan, Carteret wa* 
separated from Wallis by a fog, and as th( 
leader of the expedition had omitted t( 
appoint any rendezvous, there was nothing 
for Cai teret but to turn back to England 
His ill-found sloop had been battered b) 
the stormy seas into a state of utter dilapida 
tion, the mizen-mast was broken in th( 
Pacific by a furious tempest, and the shi] 
was very near to foundering. But Carterei 
had his orders ; he did not reason aboui 
them, but proceeded to carry them out. Sc 
while Wallis circumnavigated the globe b) 
keeping to the known route of earlici 
mariners, and making no discovery 0, 
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importance, Cateret, profiting by his ex- 
perience under Byron, resolved to die in the 
work of real exploration. 

Steering in a fog by Easter Island without 
seeing it, he made his first geographical dis- 
covery of Pitcairn Island, which was some 
vears afterwards occupied by the mutineers 
ot the 11 Bounty.” Nine days after, on July 
ii, 1767, Carteret discovered Osnaburg 
Island, which he so named in honour of the 
1 hike of York. Two more islands were found 
the next day, but the sailors who landed in 
search of food and water came back with 
empty hands. The position of Carteret and 
his men was now terrible. Nearly all the 
provisions were consumed or tainted, half 
the crew was sick, the sloop was badly 
leaking, and the leak could not be stopped. 
By unsuspected good fortune, land was 
sighted on the morrow, and the explorers, 
in Carteret's own phrase, felt like criminals 
who had received a reprieve on the scaffold. 
A hurried landing was made in search of 
water. At the sight of them the black, 
woolly-haired natives fled, and a stream 
was found near the shore. But the next 
landing-party that went to trade for fresh 
fruit and food was attacked ; three were 
killed, and others wounded. The young 
commander, lying sick with fever in his 
cabin, gave orders for his ship to sail away 
as soon as the carpenter, now the only 
healthy man on board, managed to stop 
the leak in a partial manner. 

Several groups of new islands were dis- 
covered and charted, but no provisions 
could be obtained from the natives. It 
was not till August 20 that a little, low 
island was found, where eocoanuts were 
procured. Sailing through an unknown sea, 
where new lands were encountered almost 
every day, ('art ere t reached the coast of 
New Britain on August 28, and stopped at 
various bays, where he obtained water and 
food and fruit. He also repaired his ship, 
with the intention of finding a fertile island 
as headquarters for the exploration of the 
South Seas, and then striking south to the 
Antarctic before returning to England. Had 
this been possible, he would have antici- 
pated the chief discoveries of Captain 
Cook. Unfortunately, the carpenter found 
the bottom timbers of the ship were badly 
decayed, the keel having completely gone. 
It was doubtful if the timbers would hold 
together for a few months. So Carteret, 
^till wasted and feeble with illness, turned 
his vessel northward, discovered New Ire- 
land and the Strait of St. George on his 
way, and reached Macassar, then the prin- 


cipal colony of the Dutch in the Celebes 
Islands. The Dutch refused to sell provi- 
sions for his dying crew, and threatened to 
attack him if he tried to land. 

Going on to a bay in the neighbourhood, 
Carteret found some kindlier Dutchmen, 
who sold him provisions at only a thousand 
per cent, above the proper price. He re- 
fitted his ship, blit as most of his crew were 
dead or too weak to work he had to collect 
slowly some more English adventurers to help 
him sail the “ Swallow.” These he did not 
obtain until he came to Batavia ; and from 
there, on September 15, 1768, he set off for 
the Cape. A stay in this port enabled his 
crew to recover their strength, and, after a 
voyage of thirty-one months, his crazy ship 
was at last safely anchored in Spithead. 
While Wallis made scarcely any discoveries 
of importance, as he kept to the route taken 
by many sailors before him, Carteret won a 
position among the greatest geographical 
discoverers of his age. He retired in 
1794, with the rank of rear-admiral, and died 
at Southampton on July 21, 1796. 

JACQUES CARTIER 
Explorer and Coloniser of Canada 

Jacques Cartier, the discoverer of Canada, 
was born at St. Malo, in Brittany, in 
December, 1491. Little is known about 
his early life, but, like many other sailors 
of the Breton seaport, he seems to have 
gone to the Banks of Newfoundland fishing 
for cod. At the age of forty- two he was 
famous as the most experienced of French 
pilots in the North Atlantic, and through 
Admiral Philippe de Chabot he was able 
to lay before the French king, Francis I., a 
proposal for the discovery of the North- 
West Passage to the Indies. Francis I. was 
already chafing at the success of the 
Spaniards and Portuguese in the New 
World, and he was delighted with Cartier's 
enterprise. The Breton sailor was given 
the command of two small ships, and, 
leaving St. Malo on April 20, 1534, he 
caught a fair wind that carried him to 
Newfoundland in twenty days. 

After exploring the coast of the island, 
he passed through the Strait of Belle Isle, 
and, landing on the coast of Labrador, 
planted a cross there, and took possession 
of the territory in the name of King Francis. 
Blown by a storm across the Gulf of St. 
Lawrence, he entered Chaleur Bay, and 
then sailed to the Bay of Gasp 5 , which he 
took for the mouth of a great river. 
After annexing this part of Canada, he 
turned down the St. Lawrence River, 
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establishing friendly relations with the Red 
Indian tribes, and taking with him two 
sons of chiefs and one of the chiefs. 

Cartier, however, was not aware that 
he had discovered one of the greatest 
rivers of America. Thinking it was only 
another bay, he turned his ship towards 
Europe, and arrived at St. Malo on Sep- 
tember 5, 1534, after six months of absence. 
The ease and rapidity with which he accom- 
plished the discovery of Canada greatly 
pleased King Francis, and he put at the com- 
mand of the now famous Breton three ships 
of the Royal fleet “ La Grande Ilermine,” 
of 12 o tons ; “ La lVtite Herminc,” of 60 
tons; and “ L'Fmerillon,” a still smaller 
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vessel— and sent him forth on a second 
voyage to Canada. On July 31, 1535, 
Cartier passed down the passage between the 
island of Anticosti and reached the Saguenay. 
I art her down the St. Lawrence he turned 
up another river, and came to Stadacone, 
an Iroquois village, close to which he passed 
the winter in a rude fort, mounted with 
cannon and encircled with a palisade. 

Before the ice set in, he explored the 
St. Lawrence as tar as a green hill that 
he named Mont-Royal, which is now the 
city of Montreal. He then returned to 
Canada — a word which merely signifies a 
town, and which he applied to the Iroquois 
village nea* which he had built his fort. 
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From November to March the Frenchmen 
suffered from the rigour of the climate; 
their ships were frozen in deep ice, and 
scurvy broke out and killed twenty-five nt 
the crew. But the friendly natives showed 
Cartier a tree whose leaves and bark 
made a drink that quickly cured the men 
who remained alive. When Cartier, however, 
started back to France he had not sufficient 
men left to work his three ships, so In- 
abandoned "La Petite Hermine ’* ; and in 
1848 broken timbers were dug out of tin- 
river mud at the spot where the Breton 
navigator had left her. 

Cartier arrived at St. Malo on July id, 
1536, but when he put his plan for the 
colonisation of Canada before Francis I. 
he found that monarch had changed his 
mind. The king had said, on Cartier s 
lirst voyage, that he would like to see the 
clause in Adam's will which disinherited 
him of the New World in favour of tin* 
kings of Spain and Portugal, but now lie 
was unmoved by the Breton sailor’s 
impassioned account of the fertility and 
richness of the soil of the new country. 
Francis wanted gold-mines in the New 
World, and not a splendid, invigorating 
land where his people could expand. But a 
gentleman of Picardy, the Sire dc Robcrval. 
was greatly excited by Cartier’s description 
of the new country. By repeated efforts 
he obtained the king’s consent for the 
colonisation of Canada, and fitted out five 
ships for the purpose. Cartier went as the 
pilot of the expedition, and set off with 
two of the vessels, on the understanding 
that Roberval would follow him immediately 
with three shiploads of settlers. 

In August, 1541, Cartier sailed by the 
site of Quebec, and anchored at Cap Rouge, 
that seemed to him to be the best place 
for planting a colony. While waiting for 
Roberval he explored the river as far li- 
the rapids, but on returning he was dis 
mayed to find that the colonists and their 
leader had not arrived. He stayed till he 
was caught in the ice, and at the end ol 
the following spring he set out for France, 
in angry determination to abandon Canada. 
At St. John’s, Newfoundland, he at last 
met Roberval with three vessels and two 
hundred colonists, but Cartier held to hi^ 
course, and sailed back to St. Malo. He 
was of opinion that Roberval was not th** 
kind of man who could plant and develop 
a colony. And so it proved. The schein< 
was wrecked by disease, mismanagement, 
and discords long before Cartier died in 
Brittany on September 1, 1557. 
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Francis rawdon chesney his exploration of the overland route 

Father of the Sues Canal through Persia to Trebizond. He then 

Francis Rawdon Chesney, the explorer returned overland to Aleppo by a wilder 
of the Euphrates and the overland route to and more dangerous way, and came to 
India, came of a Scottish stock settled in England to agitate for the establishment 
tht* North of Ireland; he was born at of the overland route to India. 

\nnalong, in co. Down, on March 16, 1789. If took him two years to get a Parlia- 
\t the age of sixteen he joined the Royal mentary committee appointed to examine 
Artillery at Woolwich. into the proposal, but at last £20,000 was 

Chesney's love of adventure seemed voted for a surveying expedition under 
doomed to disappointment. He tried to Chesney. He landed at Antioch, with a 
nssist the Turks in their war against Russia troop of artillerymen, engineers, sappers, 
in 1829, but the Peace of Adrianople pre- and miners, and transported in sections 
vented him from seeing any fighting. To two steamers, which his soldiers put 
pass his time away, he travelled through together on the upper Euphrates. One. of 
Kgypt and Syria, and looked at the site of the steamers was sunk, but the other 
ilie Suez Canal. In a historic report he reached the mouth of the great river, 
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surveyors were wrong, and that from an navigable to within 120 miles of the 
engineering point of view the undertaking Mediterranean. I he main work of the 
was perfectly feasible. l)e Lesscps openly expedition was accomplished, but Chesney 
and frankly admitted that it was on the returned to Mesopotamia to complete his 
strength of his belief in Chesney’s report survey of the Tigris. 

that he attempted the great enterprise With the exception of some years spent 
of digging the canal. on active service in China, the rest of the 

On his Eastern travels Chesney also, long life of the man whom De Lesseps,called 
in 1831, explored the valley of the Eu- “ the father of the Suez Canal ’ was vainly 
phrates, and pointed out that a new route given in a series of attempts to get a railway 
to India could be made along an old and from Antioch to the upper Euphrates, 
forgotten road from Syria, leading to the He found men ready to build the line, 
hank of the great river, dow’n which and obtained concessions from lurkey. 
steamers could go to the Persian Gulf. But Lord Palmerston would not act in the 
lie made his observations on a raft, from matter, for fear of offending the hrench, 
which he worked with a sounding-pole, who claimed special influence in Syria, 
i le was often attacked by the Arabs, but On January 30, 1872, General Chesney 
at last won their friendship, and prolonged died, a sorely disappointed man. 

4521 


HARMSWORTH POPULAR SCIENCE 


CHRISTOPHER COLUMBUS 
The Man who Found the New World 

Ciistoforo Colombo, better known to us 
under the Anglo-Latin form of his name, 
Christopher Columbus, seems to have been 
born in the village of Terrarossa, close to 
Genoa, about the year 1445. The boy 
was apprenticed to his father’s trade of a 
wool-comber, and in 1451 the family moved 
to Genoa, in order to be near the wool 
market. There appears no ground for the 
statement, made by one of Columbus’s 
sons, that the discoverer of the New World 
was educated at Pavia University. Colum- 
bus himself says that he went to sea at 
fourteen, and this is undoubtedly the truth. 
The boy picked up his remarkable fund 
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ol knowledge 111 a life of extreme hardship 

and great peril. In peaceful voyages he had 
to light against the ferocious Mohammedan 
pirates of the Barbary coast ; in warlike 
expeditions he served under Christian 
privateers. He first distinguished himself 
in cutting out a galley from the port of 
Tunis, and, under a famous corsair of 
Genoa, he waylaid four Venetian galleys 
and attacked them off the Portuguese 
coast, between Lisbon and Cape St. Vincent. 
The ship commanded by Columbus engaged 
with a huge Venetian gallev, which his 
crew set on tire by throwing hand grenades. 
The flames spread to Columbus’s ship, and 
the two vessels became one blazing mass. 
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The men threw themselves into the sea, 
and Columbus jumped in with them. 
Seeing an oar floating near him, he seized 
it, and, being an expert swimmer, ho 
managed to reach the shore, which was 
two leagues distant. 

By this time Columbus had had more 
than enough of mere adventure. In the 
course of his voyages he had reached as far 
north as Iceland, and he was already 
inspired with the great idea of his life. 
It is just possible that he may have heard, 
in Iceland, rumours of the ancient voyage 
of the celebrated Viking, Eric the Red, to 
the world beyond the Atlantic, but, as 
Columbus could not speak Norwegian, any 
tradition he may have picked up must 
have been very vague and uncertain. What 
he really acted on were the theories ni 
the roundness of the earth, the eastward 
extent of the continent of Asia, and some 
sailors' legends of strange timbers from un- 
known trees, bearing the marks of human 
handiwork, and picked up far out in the 
Atlantic Ocean. Had he been able to back 
his collection of wild fancies and gross 
misconceptions with the historic evidence 
of the Icelandic saga, that told of the 
discovery of a world beyond Greenland, lie 
would have made up his own mind more 
quickly, and more quickly convinced his 
Royal patrons of the truth of his idea. 

As it was, after his shipwreck, he settled 
down at Lisbon, and lived by making maps 
and charts. By marrying a Portuguese 
lady of rank, who was a cousin of the 
Archbishop of Lisbon and the daughter ol 
a captain who had become one of the early 
colonists, and the first governor of Porte 
Santo, Columbus increased both his position 
in society and his means of knowledge. He 
studied the logs and papers of his father-in- 
law, and talked with the most experienced 
and the most scientific navigators in the 
world. All that he read and heard and 
worked out for himself in map-making 
convinced him that the greater part of the 
world was still undiscovered ; and, following 
chiefly the mistaken idea of the length of 
Asia which he had derived from Marco 
Polo, he came to the conclusion that India 
and China were to be reached by a voyage 
across the Atlantic Ocean. 

Some years elapsed, however, before he 
tried to put his ideas into practice. He 
wanted the aid of a king to bear the cost 
of the expedition and provide the soldiers 
for the conquests of the new lands. It was 
only in Portugal that the passion and 
science for nautical explorations obtained. 


IN THE ATLANTIC’S STAGNANT CENTRE 



COLUMBUS* SEEKING THE NEW WORLD, WAS BECALMED IN THE WEEDY WASTES OF THE ATLANTIC 


4523 





MRUS'TliLLlXG Till: KING, 


GROUP 2-SEEKERS AND FINDERS OF NEW LANDS 


but Portugal was at the time at war with 
Spain, and the king was an unlearned and 
unenterprising man. It was not until 
John II. ascended the throne of Portugal 
that Columbus came forward with his 
proposal. The new king took up the 
navigation work of Prince Henry of 
Portugal, and began to push down the 
western coast of Africa, with a view to 
discovering the sea-road to India, and 
taking the Oriental trade away from the 
Arabian merchants. Columbus, therefore, 
had no time to lose if he wished to be the 
lirst man to sail to India. 

He laid his proposal for an expedition 
before King John, but some of the coun- 
cillors appointed to inquire into the matter 
procured the detailed plan from Columbus, 
together with the chart by which he in- 
I ended to shape his course, and* told him 
they would go further into it. This they 
did by equipping a ship and giving Colum- 
bus’s plan and charts to some Portuguese 
pilots, and ordering them to pursue the 
designated t i*oute. The ship sailed west- 
ward for several days. But the weather 
grew storjny, and the Portuguese, seeing 
nothing /but an infinite waste of wild, 
tumbling waves still extending before them, 
lost their courage and put back to Lisbon. 

This unworthy attempt to defraud him 
of his enterprise aroused the indignation 
of Columbus. As his Portuguese wife was 
now dead, he refused to enter into any 
further negotiations with King John, and in 
1484 he left Portugal in search of a worthier 
patron. He went to Spain, and, though 
Isabella of Castille and her husband, 
Ferdinand of Aragon, were busy with the 
List great war against the Moors of Grenada, 
Isabella was struck with the plan of dis- 
covery. The matter was submitted to a 
council of scholars, and for some time they 
si uck at the notion of the roundness of the 
earth, which they regarded as contrary 
to ecclesiastical science. For seven years 
Columbus was alternately encouraged and 
repulsed, and at last he despatched his 
brother to King Henry VII. of England to 
ask for help in his voyage of discovery. The 
English king sent for Columbus to learn 
more about the extraordinary enterprise, 
but his invitation came too late. Queen 
Isabella had been at last won over by the 
eloquence of the tall, lean-faced, noble- 
looking Italian with fiery eyes that were 
the windows of a soul flaming with a. 
fanatic courage. In the forty-seventh year 
of his age Columbus signed a treaty with 


Ferdinand and Isabella, who, as lords of 
the open seas, constituted him admiral, 
viceroy, and governor-general of all islands 
and continents he should discover in the 
western ocean, giving him one-tenth of all 
the products and profits within the 
limits of his discoveries. 

On August 3, 1492, Columbus set’ sail 
from Palos harbour with two caravels, or 
light vessels without decks, and one ship of 
larger burden, with crews numbering 120 
men. For seventy-one days he kept his ships 
sailing on the western course. His men 
lost faith and hope long before the voyage 
ended. Indeed, they were ready after forty- 
nine days to put their foreign leader to death 
and turn back home. But Columbus faced 
his mutinous crew, and inspired them with 
somewhat of his courage. Land was sighted 
on October 12, 1492, and is believed to have 
been Watling’s Island, in the Bahamas. 
Columbus visited Cuba and Hayti, planted 
a small colony there, and returned to Spain, 
March 15, 1493, still thinking he had 
discovered the islands off India. 

His second voyage, late in that year, at 
the head of a fleet of twenty ships, enabled 
him to sight Dominica, in the West Indies. 
His third voyage, begun in 1498, resulted 
in the discovery of the South American 
mainland. But Ferdinand of Aragon began 
to see the vast scope of Columbus’s dis- 
coveries, and regretted having given the 
foreigner so large a power and so great a 
share of the profits of the expedition. 
Queen Isabella was indignant at the well- 
founded reports that Columbus was en- 
slaving the natives and setting them on 
forced labour, and a Spanish courtier was 
sent with high powers to the new lands. 
He exceeded his instructions, however, by 
loading Columbus with chains and sending 
him a prisoner to Spain. The sight of the 
grey-haired discoverer of the New World 
walking in irons was more than Ferdinand 
could bear, and Columbus was restored to 
favour. In his last great voyage, from 1502 
to 1504, he explored the Gulf of Mexico. 

He died at Valladolid, in Spain, on 
May 20, 1506. His conduct in the capture 
and sale of slaves is a stain on his memory, 
but otherwise he was an honest, con- 
scientious man of genius, with the mind of 
a poet and the will of a great leader of men. 

CAPTAIN JAMES COOK 
Explorer of More Coast Than Any Other Man 

James Cook was born at Marton, Cleve- 
land, Yorkshire, on October 28, 1728. 
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His father was an agricultural labourer, 
and the boy, who received but scanty 
schooling, was bound apprentice at thirteen 
to a haberdasher at Staithes, ten miles 
from Whitby. The future navigator always 
heard the call of the sea, and, leaving 
the shop, was apprenticed to a firm of 
shipowners who were engaged in the 
coal trade. The coasting trade, carried on 
in the roughest seas, has produced many 
fine sailors, and Cook graduated in an 
excellent school, trading to London and 
Dublin, and even as far as the Baltic. In 
1752 he was promoted mate, and was in 
a fair way to settling down as captain of 
a coasting collier. Three years later, how- 
ever, to avoid the pressgang, he volunteered 
for service in the Navy, sailing under Sir 
Hugh Palliscr, who, greatly impressed by 
the merits of the young man, had his sym- 
pathies further stimulated by friends of the 
sailor's old masters. 

During the French-Canadian war, Cook's 
ship joined the fleet in the St. Lawrence, 
there to co-operate with the land forces of 
General Wolfe. Before this could be done, 
the river had to be surveyed, and the task 
was committed to Cook, who acquitted 
himself with credit in the face of con- 
siderable danger, once almost losing his 
life during a concerted attack by a flotilla 
of native canoes. After the conquest of 
Quebec, to which his own work contributed, 
he was appointed to complete his survey 
of the river, and did his work so thoroughly 
that his charts served for many years 
afterwards. His patron, Sir Hugh Palliser, 
afterwards enabled him to survey the 
coast of Newfoundland. Cook, in his 
leisure, diligently studied mathematics and 
astronomy, was given the command of 
a ship, and, while in Newfoundland waters, 
sent home to the Royal Society his obser- 
vations of the solar eclipse of 1766. 

This proved the turning-point of his life, 
for his careful and admirable surveys, 
coupled with the scientific knowledge shown 
in his observation of the eclipse, led to his 
being appointed to command the expedi- 
tion to Tahiti, in 1768, to view the transit 
of Venus, and to navigate the southern 
seas. The expedition was brilliantly suc- 
cessful in all respects. Cook’s preparations 
were on such a scale as almost to ensure 
the triumph of his aims. After the transit 
he sailed south, and circumnavigated the 
two islands which compose New Zealand, 
so proving that the long-sought southern 
continent did not exist in this latitude. 
He continued his survey along the eastern 
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Australian coast northwards, and took 
possession of it for Great Britain, the 
first point touched being named Botany Bay 
by Sir Joseph Banks, who was of the party. 

Over two thousand miles of coast-line 
were surveyed, and the name New South 
Wales was given to the whole. In spite 
of Cook’s fine seamanship, the party had a 
close escape from dire disaster. The ship 
ran aground, and remained for many 
hours helpless upon a coral reef. When 
at Lust got off, she showed no signs of a 
leak, the explanation proving to be the 
singular one that the mass of coral by 
which the hull had been penetrated had 
remained as a plug in the timbers of the 
ship. Cook sailed through the strait between 
Australia and New Guinea, and, returning 
by way of Java and the Cape of Good 
Hope, brought home highly valuable charts 
of the entire coasts of New Zealand and 
eastern Australia. He completed his voyage 
by arriving in England on June 12, 1771. 

His experience served still further to 
stimulate interest in the problem of the 
South, where a vast unknown continent 
was still believed to exist. Accordingly, 
Cook was sent out again on his second great 
voyage, starting July 13, 1772, to explore 
the southern seas. It was a magnificent 
voyage, extending over three years, in the 
course of which he discovered the New 
Hebrides, New Caledonia, and other im- 
portant island groups. The search for the 
southern land was heroically prosecuted. 
He could find no great land-stretch reaching 
from north to south, but he reached the 
southern icc-cap, and found how far Ant- 
arctica reaches north. He sailed com- 
pletely round the world in this high Ant- 
arctic latitude, finally dissipated the belief 
in the existence of the fabled southern 
continent, and landed at Plymouth on 
July 25, 1775. 

It is a fact never forgotten in estimating 
Cook’s character that he, the greatest 
navigator of his age, who had given a 
continent to England, counted as his chief 
claim to fame the fact that the precautions 
he had taken enabled him to carry his crew 
round the world and home again with a 
loss, through illness, of only one man. 
That, to his simple, noble nature, constituted 
his paramount claim to. recognition. And 
it was a great feat, for he was the first man 
who had ever succeeded in keeping out of 
his ship that terror of the man of the deep— 
the fatal scurvy. 

His third and last voyage was begun 
on July 12, 1776, his object being to find 
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n passage round the north coast of America 
from the Pacific. He thoroughly explored 
the North Pacific, discovering on his way 
thither the Sandwich Islands. He surveyed 
the west coast of America from 45 degrees 
north as far as Icy Cape, in Behring Straits, 
and realised the proximity of Asia and 
America. Driven back from Icy Cape, 
0>ok made for Hawaii, and put into 
Karakakooa Bay on January 17, 1779. 
here he stayed for some time. The natives, 
at first friendly, became suspicious and 


grew a. tree, the top of wmen was cut ofl 
and brought to England, to be preserved 
at Greenwich Hospital. The stump, crowned 
with copper to protect it from disease, was 
afterwards distinguished by an inscription 
describing the end of “Captain James 
Cook, R.N., the renowned circumnavigator, 
who discovered these islands.” Cook’s work 
lived after him. His surveys yielded charts 
of astounding precision, which, to those 
that came after, afforded “ materials of 
accurate geography.” He explored a greater 



THE DEATH OF CAPTAIN COOK IN THE SANDWICH ISLANDS 


exacting, and resorted to theft. Cook 
sailed for the open sea, but was driven 
back in quest of water which he had failed 
b> gain elsewhere. A misunderstanding 
with the natives arose while he was on 
shore, and, in a sudden gust of passion, the 
excitable natives attacked and murdered 
him at the waterside. 

He died on February 14, 1779. Part of 
bis mutilated remains were afterwards 
recovered, and buried with naval honours 
at sea. On the shore near where he fell 


length of coast-line than any other man who 
ever lived. He opened the Pacific to 
human habitation. He revealed the vast 
archipelagoes which the sluggish Spaniards, 
during eight generations of domination of 
this ocean, had failed to discover. He 
prepared the way for the civilisation of these 
islands by depositing on them domesticated 
animals as food, and seeds of fruit and 
vegetables, which have since borne colossal 
harvests. He proved that the long-sought 
southern continent did not exist, but 
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he showed that the dim, mysterious “ New 
Holland ” was in itself a continent, and he 
gave it to his native land. He remade the 
map of half the world, and those who 
followed had but to elaborate and fill in the 
details. He loved his ship, and he loved his 
crews. His famous “ Endeavour/ 1 in which 
he surveyed the coast of eastern Australia, 
was only a little collier of 370 tons burden, 
and yet he thought her the finest ship in the 
world. None of the day could have done 
better, but that was largely due to his 
handling of her, for when she was in narrow 
ways and treacherous currents he thrust out 
oars through her ports and rowed her like 
an ancient galley. Cook married in 17O2, 
and had six children. His widow long out- 
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lived all her family, and died, aged ninety- 
three, in 1835, fiity-six years after the decease 
of her illustrious and noble-minded hifcband. 

HERNANDO CORTES 
An Explorer at the Point of the Sword 

Hernando Cortes, the explorer and 
conqueror of Mexico, was born in 1485 
at Medellin, in the south-west of Spain. 
The son of a poor squire, who wished to 
make a lawyer of him, he spent two years 
at the University of Salamanca. He quickly 
learnt Latin and law, and became a graceful 
writer of Spanish, but his adventurous 
spirit rebelled at the thought of a provincial 
lawyer's life. I11 1501 he left the university 
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in spite of his father’s wish, and, coming 
home, led so wild a life that the old squire 
was glad to pack him off to the West Indies, 
where one of his relatives was Governor 
of the island of San Domingo. Here Cortes 
arrived in 1504. He distinguished himself 
by his bravery in an expedition led bv 
Diego Velazquez, and was rewarded with a 
grant of land and Indian slaves. He after- 
wards took part in the capture of Cuba, 
and received a concession in this island 
which he exploited so skilfully that ho 
became a rich and ambitious man. 
Velazquez twice imprisoned him, but Cortis 
managed to make friends with his old 
commander, now Governor of Cuba, by 
marrying his sister. 

By this stroke of policy Cortes grcatlv 
increased his power, and in 1518 Velazquez 
gave him permission to fit out an expedition 
for the exploration of the coast of Mexico. 
He forbade Cortes to land in the new 
territory, but by this time Cortes had sunk 
his fortune in equipping several ships and 
collecting and arming a host of 660 
Spaniards and 250 Indians, with about 
eighteen horses and ton small brass cannon. 
Landing in Yucatan, he fought his first 
battle at Tabasco, and then marched on to 
the conquest of the mighty empire ol 
Mexico, llis men refused to follow him on 
so mad an adventure against a civilised 
race that could put hundreds of thousands 
of soldiers into the field. But Cbrtes 
quelled the mutiny by burning his ships, 
leaving his men no alternative but to 
conquer or perish in the ghastly human 
sacrifices that the bloodthirsty ‘Mexicans 
at that time so largely practised. 

How much Cortes knew by rumour of 
the state of affairs in Mexico is doubtful, 
but it is likely that he was acquainted with 
the political conditions of the country, 
where the Mexicans were in a state ol 
chronic warfare with several neighbouring 
tribes. The Mexicans themselves regarded 
Cortes as a divine child of the sun, and when 
he entered their territory they furnished 
him with soldiers and guides. The super- 
stition of the divinity of the strange white 
men even affected Montezuma, their barbaric 
emperor. He sent ambassadors to Cortes, 
laden with costly presents, in the hope 
of inducing the Spaniards to turn back. 

The show of wealth, however, only made 
Cortes more eager for conquest. At Cholula 
an attempt was made to ambush and kill 
the Spaniards, but Cortes discovered the 
plot, and made his name feared by ;i 
terrible slaughter. Thereupon the caciques 
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,f the emperor ruling the provinces along 
he line of march submitted to the 
Spaniards, and on November 8, 1519, Cortes 
Mitered the capital city, and after some 
lays seized the emperor, and, in the 
iresence of the Mexican nobility, put him 
n irons and compelled him to acknowledge 
he Emperor Charles V. of Spain as his 
uvrlord and pay handsome tribute. 

For. some months Cortes sent out his men 
>n exploring expeditions, not from any 
notive of advancing geographical science, 
nit with the aim of consolidating his 


the emissary of Velasquez, and captured 
the whole force. Then, addressing the men 
sent against him, he so worked upon their 
imagination by his description of the wealth 
and glories of the country he had con- 
quered that they joined his little army 
and marched back with him to Mexico. 

Cortes went as swiftly as he could * Al- 
varado, his lieutenant in the capital, had lost 
his nerve, and, under the menace of a general 
revolt, had attacked the Mexicans at one 
of their festivals, and killed five hundred 
of their leaders and priests. Naturally the 



THE VICTORY OF CORTES OVER THE AZTECS AT OTUMBA 


Position and discovering the wealth of the 
country. He made alliances with all the 
eading natives who chafed against the 
Mexican rule, and it is probable, that he 
vould have maintained and extended his 
onquests by craft rather than by slaughter 
1 Velazquez had not interfered. But, 
ealous of the achievements of his brother- 
n-law, the Governor of Cuba sent an arm} 
>f 800 first-rate soldiers against him. Cortes, 
eaving only 200 men in the capital, marched 
ut and made an unexpected and furious. 
»ght attack upon the army of Narvaez, 


people of the city then rose in fury against 
the Spaniards, and besieged the palace in 
which they were quartered. Cortes barely 
arrived in time to save his men. He had to 
hew his way through the streets of a city 
with 300,000 inhabitants. In spite of the 
fierce and skilled courage of the Spaniards, 
they were overwhelmed by mere weight of 
numbers. To save himself, Corteg made 
Montezuma mount to the top of the palace 
and counsel his people to leave the Spaniards 
in peace. There was a moment of silence, 
then a shout of rage, and Montezuma fell 

* 45 2 9 


HARMSWORTH POPULAR SCIENCE 


dead, pierced by the javelins thrown at him 
by his indignant subjects. Cortes was 
compelled to charge with his men, and hack 
a wav out of the capital. He emerged with 
a broken army, but, hurrying his men on 
to the plain of Otumba, he suddenly 
turned and shattered the large force that 
pursued him, on July 7, 1520. 

This extraordinary victory, won against 
the great and powerful empire by a little, 
broken band of Spanish adventurers, brought 
the princes of the older and more civilised 
tribes to the help of Cortes. The struggle 
in the city of Mexico had cost the conqueror 
450 Spaniards, most of his artillery, and 
4000 Indian allies. But the fact that, he 
had broken the power of the bloodthirsty 
Mexicans induced 10.000 more Indians to 
join him when he turned back and laid 
siege to the capital. It was situated in a 
great salt lake, and approached by three 
long causeways with drawbridges. 

It seemed impregnable, • but Cortes 
launched nine ships, equipped with cannon, 
on the lake, sunk the enemy’s ileet, and 
captured a boat containing a nephew of 
Monte/anna who had been made emperor. 
In the meantime, Cortes also made a series 
of attacks along the causeway. Although 
the Mexicans fought with the fury of 
despair, 50,000 of them perishing during 
the siege, the city fell when it was almost 
destroyed, on August 15, 1521. The 
next year Cortes was formally appointed 
Governor of New Spain. 

After sending out three armies on the 
conquest of Guatemala, Honduras, and the 
country to the north, and taking part 
himself in repressing a rebellion of his own 
lieutenant in Honduras, he returned to 
Mexico in 152b, and found that the King of 
Spain, Charles V., had taken from him 
the powers of government, and given them 
to Ponce de Leon. He went to Madrid in 
1528, in an attempt to recover the position 
he had won by the sword, but though he 
was received with honour by King Charles 
he could not regain the post of Governor 
of New Spain. IL; had to be content with 
the command of the soldiery. 

Poor, and broken in health, he returned 
to his native country in 1540, and on 
December 2, 1547, he ‘died in neglect near 
Seville. Later, his body was taken to Mexico. 

VASCO DA GAMA 

Who Opened Up the Sea-Route to the East 

Vasco da Gama was born at Sines, a 
small port in the province of Alemtejo, 
fifty-live miles from Lisbon. Various dates 
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are mentioned between 1460 and 1470, but 
there is apparently now no hope of fixing 
the actual year in which the discoverer oj 
the sea-route to India was born. It is a 
coincidence worth noting that with the 
fall of the Manchu dynasty in China a 
new waterway for the ships of the world 
is being made in the Panama Canal. With 
the fall of the Mongol dynasty, whicli 
preceded the Manchu, a new seaway from 
West to East had to be provided, and Da 
Gama was the man to find the track. 

There were various reasons necessitating 
the discovery of this way. Reports reached 
Europe from travellers overland of a rich and 
powerful prince in an Eastern domain who 
ruled all other princes in a land abounding 
in people and riches. The way that Marco 
Polo had walked was barred by the rapid 
spread of Mohammedanism on the one 
hand, and on the other by the resolute 
refusal of the Chinese to tolerate intercourse 
with the Western world. Prince Henry 
the Navigator therefore made bold attempts 
to find a way by sea, but left his work in- 
complete at his death. 

Little by little navigators pushed out 
into the open sea. They sailed farther and 
farther from their native ports. While the 
plan for the discovery of a sea-route to 
India was still debated at the Court of 
Portugal, and while men were creeping 
timidly down the West Coast of Africa, 
Columbus sailed out into the West to 
reach the East, and found the America 
which he believed to be the Cathay of 
Marco Polo’s story. It remained, then, for 
Portugal to seek the promised land by 
sailing in the opposite direction. Four 
ships were fitted out by Emanuel I., and 
the command given to Vasco da Gama. He 
was of a noble family which for generations 
had served the Royal Family. Da Gama 
had distinguished himself in military 
engagements, and the King appreciated 
his inflexible will and high courage. 

l)a Gama sailed on July 9, 1497. It had 
taken a century to discover that the 
western coast of Africa ended with the 
Cape of Good Hope ; it would have taken 
another century to round the Cape had the 
command of ships lain with men with 
qualities like those of Da Gama’s crews. 
They proved abjectly craven. At the Cape 
severe storms were encountered, and the 
crews, terrified by superstitious horrors 
incomprehensible in our own day, prayed 
that they might be permitted to return. 
Da Gama replied, “I will never go back 
until I have set foot in India ! ” 
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Entreaties failing, mutiny followed, to 
the end that Da Gama might be killed, 
and the men themselves left to navigate 
their way home. But Da Gama was as 
;ik*rt as he was inflexible. He had the 
mutineers cast into irons, and himself 
navigated his vessel through the crisis. 

The Cape was safely rounded, and the 
rndian Ocean was entered for the first 
time since the valiant mariners of ancient 
(lavs had ploughed its waves in their little 
naileys. Following the coast-line, the 
Chips" found new countries, new cities, new 
peoples, and at Malindi, on the East 
African coast, succeeded in gaining the 
Mr vices of expert pilots, who knew their 
way unerringly across the Indian Ocean. 
So a course north-cast was set, and, ten 
months from leaving Lisbon, they anchored 
in the harbour of Calicut, on the coast 
of Malabar. Here Da Gama set up a 
marble column to mark his discovery and 
conquest of India. 

Whatever may have been the feeling of 
the natives, and of the Hindu ruler who 
presided over their destinies, the Moorish 
merchants who were already in peaceful 
possession of the trade of the country 
were decidedly opposed to the advance of 
the new-comers, and stirred up feeling 
against them. Da Gama plied all his arts 
as diplomatist, and by gifts and promises 
did his best to establish a Portuguese 
settlement, but had in the end to fight his 
way out of Calicut. Tie was able, however, 
to carry back to Lisbon such a report of 
the wealth and splendours of India as to 
warrant the King in ennobling and conferring 
more material benefits upon him. Emanuel 
immediately despatched Cabral with a 
powerful fleet of ships to establish a 
Portuguese factory at Calicut ; and it is an 
interesting commentary on the knowledge, 
of the time that this bold adventurer, on 
his way to India, did, in fact, discover the 
coast of Brazil ! 

However, he fetched Calicut in the end, 
set up his factory, left forty Portuguese to 
conduct it, then returned to Europe. The 
colonists were massacred, and, news of 
the disaster reaching Lisbon, I)a Gama 
was sent out to avenge the fallen. He 
exacted a tcirible and barbarous retribution, 
striking not only at Calicut but at many 
other points. He succeeded in establish- 
ing the African colonies of Mozambique 
and Sofala, and, after carrying his in- 
vestigations considerably to the east of 
Calicut, returned to Lisbon with a fleet 
burdened with spoils. 


From that point the real colonisation of 
the East by the West began. The Portu-* 
guesc thrust forward their outposts with 
astonishing energy and rapidity, as well 
as with atrocious cruelty. Their ships 
sailed from Lisbon to the farthest point of 
China, which they still failed to identify 
as the Cathay of Marco Polo. But abuse 
followed colonisation, and in 1524 I)a (jama 
was sent out a third time to redress griev- 
ances and to punish the wrongdoers. 




VASCO l.)A GAMA 


Before he could carry out the excellent 
plans which he seems to have formed, he 
was laid low, dying at Cochin on December 
24, 1525. His work was of the greatest 
value to Europe. He wrought a revolution 
in European trade, made Portugal for the 
time being one of the richest ami most 
powerful nations in the world, and, still 
more important, led to the linking of the 
East and West by permanent ties, to the 
enrichment of both. 
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THINKERS 


GEORGE BERKELEY— THE MAN WIIO SHOOK 
THE FOUNDATIONS OF MATERIALISM 

GIORDANO BRUNO— A THINKER WHO BE- 
LIEVED THAT GOD IS EVERYWHERE. 

CAMPANELLA— A REJECTED DREAMER 
OF GOOD GOVERNMENT 

THOMAS CARLYLE— THE THINKER WHO 
MADE IDEALITY REAL TO MEN 

GEORGE BERKELEY 

The Bishop Who Shook the Foundations of 
Materialism 

eorge Berkeley, founder of the phil- 

J osophy of idealism, was born at Dysert 
Castle, Kilkenny, on March 12, 1685, the 
son of an officer of Customs. In 1696 he 
was put to Kilkenny School, and four 
years afterwards was qualified to matricu- 
late at Trinity College, Dublin. This 
was at a time when men’s minds were 
agitated by fresh forms of thought. The 
famous “ Essay ” of Locke was giving a 
new turn to speculation. Traditional schol- 
asticism was discredited. Eager students 
found it difficult to treat with patience the 
old-fashioned routine of the university. 

Berkeley, however, devoted himself with 
energy to the ordinary work of the college. 
His career was distinguished. He became 
scholar in 1702, B.A. in 1704, and Fellow 
in 1707. Nevertheless, while his original 
and noble mind thus submitted itself to 
the established drill of the university, he 
was following out for himself an entirely 
new and altogether daring course of specu- 
lation. He kept at this time a “Common- 
place Book,” in which he entered his 
thoughts, and to which all his biographers 
have since turned to trace the interest, 
growth, and progression of his mind. A 
society, which he helped to form, was 
founded for the purpose of discussing the 
lew ideas raised by Descartes and Locke, 
ft is quite clear that, while he followed the 
'outine of his duties with entire devotion, 
Berkeley was fashioning with slow steadi- 
less the new philosophy which his original 
mind had constructed from the defects of 
the materialists. In 1707 he published a 
couple of tracts on mathematics ; in 1709, 
the year in which he was ordained deacon, 
came his wonderful work entitled “A New 
Theory of Vision ” — the first fruits of his 
bold originality. 

In this book Berkeley contrasted the 
ideas which rise in the mind from the two 
senses of sight and touch. He argued that 


WILLIAM KINGDON CLIFFORD-A GENIUS 
OF MATHEMATICS 

AUGUSTE COMTE— THE FOUNDER OF A 
NEW RELIGION 

ETIENNE CONDILLAC— THE SENSES AS 
THE ONLY AVENUES OF KNOWLEDGE 

DEMOCRITUS— THE FIRST AND GREATEST 
OF THE MATERIALISTS 

a person born blind, on recovering his sight, 
would not recognise with his eyes the 
objects to which he had accustomed him- 
self through touch, and pursued this idea 
into a region where matter seemed to lose 
itself in non-existence. During the follow- 
ing year he published the complete state- 
ment of his idealistic philosophy under the 
title “ Principles of Human Knowledge,” 
wherein he showed that matter has no 
existence outside of mind. 

To the theory of the materialists, that 
only from the tangible and visible universe 
can man receive ideas, Berkeley opposed 
his bold theory that this tangible and 
visible universe has no separate basis of 
existence, and is the symbol of Divine 
intelligence. Philosophers were speaking 
with the greatest assurance of substance 
and matter, were referring men to these 
things as the limits of human knowledge ; 
Berkeley challenged them for definitions. 
He brought to scepticism a doubt. He 
shook the material foundation of material- 
ism. What is substance ? What is mat- 
ter ? Men argue about these things, deduce 
conclusions from them, but do not stop to 
inquire what exactly these things are. 

The practical reader will easily see the 
difficulties in the way of accepting Ber- 
keley’s thesis, but he will find it equally 
hard to accept the dogmatism of materialism 
after having pondered Berkeley’s idea. A 
very excellent instance of the world’s 
attitude to this question is given in Bos^ 
well's “ Life ” : “ After we came out of 
the church, wc stood talking for some time 
together of Bishop Berkeley’s ingenious 
sophistry to prove the non-existence of 
matter, and that everything in the universe 
is merely ideal. I observed that, though 
we arc satisfied his doctrine is not true, 
it is impossible to refute it. I shall never 
forget the alacrity with which* Johnson 
answered, striking his foot with mighty 
force against a large stone, till he rebounded 
from it — * I refute it thus* ” And on 
another occasion : “ Being in company with 

4533 



HARMSWORTH POPULAR SCIENCE 


a gentleman who thought fit to maintain 
Dr. Berkeley’s ingenious philosophy, that 
nothing exists but is perceived by some 
mind ; when the gentleman was going 
away, Johnson said, ‘ Pray; sir, don’t leave 
us, for we may perhaps forget to think of 
you, and then you will cease to exist.’ ” 
These " arguments ” of the great doctor 
are not to be considered seriously, but they 
very fairly represent the attitude of the plain 
man towards the subtleties of metaphysics. 
Byron’s phrase, ” When Bishop Berkeley 
said, ' there was no matter . . . ’twas no 
matter what he said,” is familiar enough ; 
and we have long been acquainted with 
the questions and answers, “ What is 



Matter ? Never mind. What is Mind ? 
No matter ” Thus will the world always 
reply to the too nice disquisitions of a 
philosophy beyond its depths. A later 
thinker has well pointed out that if we are 
to question and to define at every step in 
progress we must not stop at the eye which 
sees, but go on to the brain which thinks. 
We have nothing to prove that the human 
eye presents to us the world as it really is, 
and nothing to show that the human brain 
is an instrument for truthful apprehension 
and conclusive ratiocination. Such specu- 
lations lead infallibly to paralysis of the 
reason and fatalism oi the mind. Berkeley’s 
enduring fame was established by his 
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" Principles of Human Knowledge,” and 
on a visit to London he was presented at 
Court by his famous countryman Jonathan 
Swift. At this point it is necessary to turn 
our attention from the philosopher to the 
man, and to realise the charm and grace of 
Berkeley, which made him one of the most 
attractive men of his age. This pleasant- 
ness of personality was no mere surface 
accomplishment. It was rooted in the 
purest good-nature and the profoundest 
devotion to religion. Miss Vanhomrigh, 
the “ Vanessa ” of Swift, left him half her 
fortune, having met him only once, and 
that at the dinner-table of the witty Dean. 

Berkeley had travelled to many countries, 
first as chaplain to Lord Peterborough, 
and afterwards as tutor to the son of 
Dr. Ashe. In 1721 he returned to Ireland 
as chaplain to the Duke of Grafton, and 
became Preacher and Divinity Lecturer at 
the University. In the following year he 
became Dean of Drornore, and in 1724 
Dean of Derry. Here, with a large income, 
and with the comfortable fortune which he 
had received from Miss Vanhomrigh, it 
might have been thought that Berkeley 
would settle down to the careful and 
satisfactory life of a philosopher. But he 
was moved by a great religious impulse. 
He conceived the idea of a mission to the 
New World to convert the heathen of 
America to Christianity. 

The practical suggestion which he made 
to the Government was that a college 
should be established in the Bermudas ; 
he offered to resign his rich deanery and 
to go out as the head of this college at a 
salary of £ 100 a year. It was an exceed- 
ingly difficult task to get the Government 
to listen to his proposal. While he was 
working to this end, with incredible efforts 
and unyielding faith, he met the daughter 
of Judge Forster, proposed marriage to 
her, and, a month before the Government 
accepted his suggestion, made her his wife. 
In 1728 he started for the New World 
with his wife and a few devoted friends. 

The Government had promised £ 20,000 . 
The party journeyed to Rhode Island and 
there waited for the Government to fulfil 
its promise. That promise was broken. 
For at least three years Sir Robert Walpole 
kept the missionary hanging on the hope 
of fulfilment, but finally announced that 
the promised grant would not be paid till 
it suited public convenience. 

During his years of waiting Berkeley 
purchased a farm, cultivated a wide 
acquaintance with the people, and endeared 
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himself to everybody. 'Only when he saw 
the hopelessness of his ambition did he 
turn back to his native country. The 
period of waiting for Government aid had 
been intellectually fruitful, and Berkeley 
published soon after his return to England 
(1732) one of his most brilliant pieces of 
work, “ Alciphron ; or, the Minute Philo- 
sopher,” a dialogue which reveals the 
philosophical inconsistencies of materialism 
and infidelity. In the following year he 
was raised to the Bishopric of Cloyne. 

Much amusement has been caused by 
the Bishop's devoted^ zeal in advertising 
the merits of tar-water* as a cure for disease. 
To him we owe a phrase usually ascribed 
to Cowper, who applied it to tea. Tar- 
water, said Berkeley, is of a nature so mild 
and benign and proportioned to the human 
constitution as to “ warm without heating, 
to cheer but not inebriate.” He mixed up his 
advocacy of tar-water with his philosophy. 

Bishop Berkeley was a devoted family 
man, and the death of a son in 1751 
was a cruel blow to the old man. In the 
following year, that he might be near to 
his second son, who was then at Oxford, 
the family moved from Ireland. He was 
something of a physical sufferer at this 
time of his life, but bore all his pains with 
exemplary fortitude. On Sunday evening, 
January 14, 1753, while he was sitting in 
the midst of his family, he suddenly 
collapsed and passed away. He was buried 
in Christ Church, Oxford. 

GIORDANO BRUNO 

A Martyr of Science who Declared that God is 
Everywhere 

Giordano Bruno was born in 1548, at 
Xola, near Naples. The inhabitants of 
this town, which, he has made for ever 
glorious, were probably of Greek origin. 
He loved his native town, and delighted to 
call himself a “ Nolan.” Before he had 
completed his fifteenth year, young Bruno 
entered the Dominican monastery in Naples, 
and there he was an ardent student, notably 
of Thomas Aquinas, who, three centuries 
earlier, had lived and taught in the same 
monastery. But already he was threatened 
with an accusation of heresy for his freedom 
of thought ; and when he became acquainted 
with the theories of Copernicus “ the 
mediaeval Church's concept of the world 
dissolved before his eyes like a phantom.” 

In his twenty-eighth year, being formally 
accused of heresy, Bruno escaped from 
Kome, and began a life of constant wander- 
ing throughout half of Europe, which 
continued for more than fifteen years. 
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Though he was excommunicated, his 
intellectual powers and inspired speech 
gained him a hearing in many centres of 
thought. Thus we find him, in 1583, 
lecturing in Oxford, where he discoursed 
on the Copernican astronomy, and made 
abundant enemies for himself among those 
in academic authority, as everywhere else, 
by his conviction and courage of mind. 
He spent two years in London, however, 
where he lectured and wrote largely, and 
where his chief writings were composed. 

“ There is, in truth,” he taught, ” only 
one heaven, one immeasurable space and 
womb which comprehends all things, one 
ethereal realm wherein all things circulate. 
In this universal space shine countless 
stars, in themselves suns, or rather solar 
systems, since every star is encircled, like 
our sun, by planets, or earths. There are 
but two kinds of heavenly bodies, self- 
luminous or suns, and illuminated or 
earths ; and the reason why we only see the 
sun of other systems is the vastness of their 
distance and the minuteness of their 
planets. Seen from a little distance, our 
sun would show merely as a twinkling 
star.” 

This, we must realise, is infinitely more 
than Copernicus had taught. The great 
•astronomer of the North had indeed deposed 
the earth from its supposed place as the 
centre of all things, and had stated the 
essential fact of the solar system. But 
Bruno’s mind took the tremendous step of 
seeing that the stars must be suns, and that 
the sun is a star. Now, this is true. As 
Professor Riehl says, in his admirable mono- 
graph upon Bruno, published in celebration 
of the tercentenary of the crime which killed 
him, ” Bruno’s world is, as we now know, 
the real world. It should never be forgotten 
that the true constitution of the Cosmos 
showed itself first to his mind.” 

He declared the unity of Nature and of 
the creative power which is everywhere at 
work in her. lie asserted, therefore, the 
evolution of life on other worlds than ours. 
God, he said, was everywhere, the basis of 
Nature — “ therefore it is well said that ‘ in 
Him we live and move and have our being.’ ” 
11 We seek God,” he said, “ in the unchange- 
able, unalterable laws of Nature ; in the 
disposition of a mind directed reverently 
towards the law ; we seek Him in the light of 
the sun, in the beauty of all that springs 
from the bosom of Mother Earth, in the 
true reflection of His Being in the sight of 
unnumbered stars which shine on the im- 
measurable skirts of the one heaven, and 
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live and feel and think and magnify the 
All-Good, the All-One, the Highest.” 

Let us now see how this thinker fared. 
Leaving England, he lectured again in 
France, and then in Germany. He spoke 
some time in Frankfort, whence he was 
lured to Venice, at length, by a young 
noble, among the most ignoble of men' 
named Giovanni Mocenigo, a tool of the 
inquisition. The unsuspecting Bruno, the 
philosopher and poet, who called himseli 
“ Child of the Sun and of Mother Earth,” 
complied with the invitation to teach this 
distinguished pupit who, nine months: 
later, denounced to the Inquisition the 
teacher who was his guest. 

In May and June of 1592 the first trial oi 
Bruno was held. After threats, delay, and 
probably the rack, at the end of July 
Bruno recanted. He remained in the prison 
of the Inquisition in Venice, however, from 
which he was then transferred to that in 
Rome. There he remained for years. He 
did not enter his prison heroically ; he first 
appears as a hero when he leaves it. At 
last he could rise to the height of his own 
sublime words, ” Whoso still fears for his 
life has not yet made himself one with the 
Godhead.” Early in 1600, having with- 
drawn his recantation, he was condemned, 
and given over to the ” secular arm ” ol 
the Church, with the usual instruction 
that he should be " dealt with as gently as 
might be, and punished without the shed- 
ding of blood ” — that is to say, he was 
sentenced to be burnt. 

On Friday, February 17, 1600, having 
finally refused to recant, Bruno was led to 
the stake in the Campo dei Fiori, or Field of 
Flowers, in Rome. There he was duly mur- 
dered. ” And so,” writes a distinguished 
onlooker, “ he perished miserably in the 
flames, and in those other worlds which Ik 
imagined he can narrate how the Romans 
are wont to treat such blasphemous and 
profligate folk as himself.” 

There is no authentic portrait of this 
man, who was killed for first truly stating 
the nature of the Universe, but we know 
that he was short, slight, pale, quick of 
movement, impulsive, fastidious, and tem- 
peramentally a poet rather than a student. 
As Riehl truly says of him, he ” was no 
mere thinker ; in life, a poet, a seer, and 
an apostle ; in death, he was a martyr and 
a hero.” He prophesied that no coming 
century would refuse to bear witness that, 
like a conqueror, he did not fear death, but, 
with a steadfastness great as that of any 
hero, preferred death to an inglorious life. 
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Time has done him justice. In the fine 
words of Rielil, translated by Miss Agnes 
j ry, " Three centuries ago, Bruno died, 
uiised by the Church and execrated by 
m cn. But since 1889 his monument stands 
on the Campo dci Fiori, on the spot where, 
in the year 1600, the faggots blazed. But 
more imperishable than this visible monu- 
ment is that invisible one raised by Bruno 
himself in the greatness of his mind and 
character, which stand before the coming 
world, a monition and an example.” 

THOMAS CAMPANELLA 
A Rejected Dreamer of Good Government 

Thomas Campanella, one of the sufferers 
for science who dreamed wise dreams in the 
darkest of ages, was born in Calabria in 1568. 
In those days the way of education in Italy 
lay through the Church, and he joined the 
Dominican Order when quite young, but 
his eager, inquiring spirit could not be 
brooked by the Church as it then was. 
Quite early Campanella revolted from the 
slavish adherence to what was regarded as 
unassailable knowledge bequeathed by Aris- 
totle. He urged that each generation should 
follow Aristotle by "doing what Aristotle did 
namely, go to Nature for knowledge, and 
base science on observed fact. 

For complicity in a rebellion in his native 
province against Spanish rule he was cap- 
tured, and remitted to the Inquisition. 
Even the interposition of the Pope did not 
save, him from torture, and for seven-and- 
twonty years lie was imprisoned. It was 
during this period that he wrote the book 
which has come down to us, and still retains 
vitality — his picture of an ideal State as 
" The City of the Sun ” — “ Civitas Solis.” 

His enemies continued to pursue him, so 
finally he escaped to France, where he lived 
under the protection of the French king, 
who awarded him a pension, and he died in 
ib 59 in Paris, at the Dominican convent, 
after over seventy troublous years. 

“ The City of the Sun ” is in the form of 
a dialogue between a Grand Master of the 
Knights Hospitallers and a Genoese sea 
raptain, who has seen strange lands, and, 
prompted by an occasional question, re- 
1 mints what he found, particularly in one 
land— Taprobane, a large plain immediately 
under the equator. After describing the 
architecture of the city, the traveller tells 
how it is ruled by three princes of equal 
wight, Power, Wisdom, and Love. To 
iWer belongs the care of all matters re- 
ding to war and peace. Wisdom rules all 
he liberal arts and all the sciences — and of 
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* those sciences and arts the book gives a 
survey. “ Love is foremost in attending to 
the charge of the race. He sees that men and 
women are so joined together that they 
bring forth the best offspring.” So that even 
in the “ City of the Sun ” they knew of 
eugenics. Though, the style is stilted, and 
the book often a formal parade of the 
routine virtues, it' is lighted by gleams of 
wisdom that even now are but inadequately 
appreciated. In the City “ both sexes are 
instructed in all the arts together.” 

“ They consider him the more noble and 
renowned who has dedicated himself to 
the study of most arts, and knows how 
to practise them wisely. Wherefore they 
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laugh at us in that we consider our 
workmen ignoble, and hold those to be noble 
who have mastered no pursuit.” The 
“ City of the Sun ” follows rather closely 
Plato’s " Republic,” which obviously is 
its writer’s inspiration. Even the giving 
of children to the State and not to the 
parents is imitated from Plato. A reading 
of this bold monk's thoughts shows how 
far the world has travelled in pursuit and 
acquisition of knowledge in three hundred 
years, but it also shows that in these 
early days men had well weighed schemes 
that yet are unrealised. » 

Campanella, like Aristotle, was wistfully 
groping after a science never attained, 
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but the will and the effort and the bold- 
ness of the quest in the face of danger 
deserve lasting honour. 

THOMAS CARLYLE 
The Thinker who Made Ideality Real to Men 

Thomas Carlyle, the superlative seer of 
the great Victorian era— great even beyond 
the era of Elizabeth — w;is born on Decem- 
ber 4, 1795, in the grey little village of Eccle- 
fechan, Dumfriesshire, the son of sterling 
Border folks — the best stonemason of the 
district, and a mother whose descent, as her 
son said, was from “ the pious, the just, 
and the wise.” His education was that of 
the true Scottish mode — by way of the vil- 
lage school, the local academy (at Annan), 
and the Uni vers it) 7 of Edinburgh. He came 
to the University ninety miles on foot when 
he was not yet fourteen years of age. Before 
he was nineteen he was back at the school 
at Annan as a teacher of mathematics. 
When he was twenty-one he was earning a 
hundred a year, at Kirkcaldy, still as a 
teacher of mathematics, and preparing to be 
a minister. Two years later he had re- 
moved to Edinburgh. There he took 
pupils, thought of becoming an advocate, 
began writing articles for Brewster’s “ Edin- 
burgh Encyclopedia.” and plunged deeply 
into the German literature which in a few 
years so greatly inlluenced his life. 

At Kirkcaldy Carlyle formed a strong 
friendship with the visionary Edward 
Irving, who also was from the Annan 
school, and Irving introduced him to Jane 
Welsh, a doctor’s daughter. Later, for 
more than two years, Carlyle became a 
tutor in the Buller family, and with them 
visited London. In 1824 he gave up tuition, 
and trusted to literature for a living, writing 
a “ Life of Schiller ” for the “ London 
Magazine,” before its publication in book 
form in 1825. He also translated Le- 
gendre’s “ Gocmetry ” from the French, and 
Goethe’s “ Wilhelm Meister,” and various 
romances from the German. 

In 1826 (October 17) he married Jane 
Welsh, and settled for two years in Edin- 
burgh, writing articles for the “ Edinburgh ” 
and other reviews. He had been intro- 
duced to Jeffrey when in London with the 
Bullers, and at that period met, and deeply 
impressed, a number of the literary nota- 
bilities of the day. In 1828 he removed to 
Craigenputtock. his wife’s property in Dum- 
friesshire, and lived there till 1834. in soli- 
tude, with occasional visits to Edinburgh 
and London, and in these years did the most 
distinctive work of his lifetime. Besides his 
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essays on Burns, Johnson, Goethe, Voltaire, 
etc.," and a history of German literature’ 
he planned his “ French Revolution,” and 
completed “ Sartor Resartus,” which re- 
mains his spiritual biography and his literary 
masterpiece. 

During these years, while he found him- 
self, and set his mark on British literature foi 
ever, Carlyle was barely earning a living by 
his pen. “ Sartor Resartus ” appeared in 
“ Frazer’s Magazine ” in 1833--4, but not in 
book form till 1838, the year after the 
publication of the “ French Revolution.” 
In June, 1834 the last removal was made, to 
Chcyne Row, Chelsea, and there the Carlyles 
lived and died — the wife nearly thirty- two 
years after the arrival in London, the 
husband nearly forty-seven years. It was 
a period of gradually growing fame, with 
all the dread fear of poverty gone from the 
last forty years. 

In the period 1837-40 four popular 
courses of lectures were delivered in London, 
the most notable being on “ Heroes, Hero- 
Worship, and the Heroic in History.” From 
this time forward the keenness of Carlyle’s 
strife was ended. 

The dates of the publication of Carlyle’s 
remaining principal books must suffice here 
for an outline of his literary life. The 
brilliant “ French Revolution ” (1837) put 
the seal on his fame ; “ Chartism,” the 
most democratic of his books, appeared in 
1839 ; “ Past and Present ” in 1843 ; 

“ Oliver Cromwell’s Life and Letters a 
revelation in historical portraiture— in 1845 ; 
the Life of Sterling ” in 1851 ; and the 
“ Life of Frederick the Great ”- — a monu- 
mental labour — in 1858-65. 

The culmination of the author’s triumph 
and the end of his hopes came in the latter 
year. He was now recognised as the greatest 
literary individuality in the world. On 
April 2 he was installed, amid scenes of un- 
bounded admiration, as Lord Rector of 
Edinburgh University, but the light of his 
life went out with the sudden death of his 
brilliantly clever wife on April 21, and only 
sorrow, merging into bitterness, was left. 

Carlyle’s “ Reminiscences,” written dur- 
ing these sad years, were published in the 
year of his death ; and an un pardonably 
cruel “ Life,” in two volumes, followed from 
the pen of his friend and executor, Jaine? 
Anthony Froude, with an equally un- 
warrantable volume of “ Letters and 
Memorials of Jane Welsh Carlyle.” Nevci 
were man and wife more foully used m 
the name of friendship. Carlyle died <»n 
February 4, 1881, and was buried with hi= 
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lathers in the kirkyard of Ecclefechan in 
preference to the Abbey. 

Considered as a life, Thomas Carlyle’s 
' Avccr indicts upon us a persistent sadness. 
It was a life of stern struggle, first to secure 
a full education, then to attain a point 
)t view that was consistent with rigid 
honesty of thought and unswerving man- 
hood, and all the while to earn the modest 
living of a simple, intellectual man with 
tastes that ranged over the world’s growth 
in thought. Success came with a desolating 
slmvness. and when it arrived it was robbed 
nt its natural satisfaction by private and 
irrecoverable loss ; and yet this dour, 
unsatisfied man has left to mankind a price- 
loss legacy. What is it that will always 
bring Carlyle back into liis own again ? The 
'rateful and enthusiastic admiration of 
ill who can be fired by the touch of genius. 
In liis clay he was the inspircr of a gencra- 
rion of earnest men. Later, when the 
lefects of his qualities became magnified in 
Fronde's undiscriminating and calumniat- 
ng biographies, the meaner souls who find 
i joy in belittling greatness gleefully 
ibscured his true character. But again 
.he message he brought is emerging, and 
A-ill remain a lasting possession of humanity. 

Lor in Carlyle was enshrined the subtlest 
spirit of ideality, lie preached transeenden- 
iiilism with a force that surpassed infinitely 
llu* propositions of the formal philosophers 

a force that was felt like an elemental 
mpulse. To Carlyle matter only exists to 
(‘present some spiritual idea. “ Heaven 
md earth are the time-vesture of the 
Eternal. The Universe is but one vast 
\vmbol of God ; nay, if thou wilt have it, 
.vhat is man himself but a symbol of 
>od? ” To Carlyle all history is “the 
nysterious vestiges of Him Whose path is 
n the great deep of Time, Whom only all 
History and all Eternity can clearly reveal.” 

In the long roll of prophets of all nations, 
wue, not even among the rapt seers of the 
East, has made men feel more profoundly 
han he the reality of the spiritual life within 
he material earthly life ; and to feel, also, 
n I he presence of that Soul of the world, 
low great is the sanctity of truthfulness. 

I he real things that matter, because they 
Mil endure though heaven and earth pass 
nvay, were the things of which Carlyle wrote 
Alien he was most himself. “ Love not 
pleasure ; love God — this is the Everlasting 
was the message he gave to men. 
That there is a Soul of goodness by which 
n an may abide, and which he cannot for- 
; ake without disaster, rang through his 


writings ; and though he formulated no 
doctrine, and defined no exact faith, he 
remains the most spiritual of influences in 
English literature, the most exalting con- 
tributor our race has given to the ever- 
growing Bible of mankind. 

WILLIAM KINGDON CLIFFORD 
A Genius of Mathematics 

William Kingdon Clifford was born at 
Exeter on May 4, 1845, the son of a book- 
seller in that town. His mathematical 
genius early asserted itself, and he was 
Second Wrangler at Cambridge in 1867. He 
had been brought up as a High Churchman, 
but the native bent of liis mind was towards 
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philosophy as well as mathematics, which 
is perhaps the most philosophical of the 
sciences, and before long he began to think 
and write on independent lines, which 
brought him into association with such men 
as Sir Leslie Stephen, Sir Frederick Pollock, 
John Tyndall, and the evolutionary thinkers 
of the time. 

His contributions to mathematics and 
scientific theory are very valuable, his 
“Common Sense of the Exact Sciences," 
which was completed, after his death, by 
Professor Karl Pearson, being notable 
among them. In 1871 he became 
Professor of Mathematics at University 
College, London, which had been founded 
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for the advancement of learning without 
religious tests or ecclesiastical control. But 
perhaps the deepest part of the young 
thinker's mind is found in his “ Lectures and 
Essays/' with their brave pessimism and 
their sincere and moving rejection of the 
belief in a Deity who had been, in Clifford’s 
words, the “ Great Companion.” 

We do not know whither his mind would 
ultimately have travelled, for he died at 
Madeira on March 1879, not having 
completed his thirty-fourth year, his un- 
timely death being a great loss to mathe- 
matics and the advance of human thought. 

AUGUSTE COMTE 
The Founder of a New Religion 

Auguste Comte was born, of Roman 
Catholic parents, on January 19, 1798, at 
Montpellier. There and in Paris he was a 
quick but independent student, mathe- 
matics being the most natural interest of 
his adolescent mind. But already he was 
unruly under established authority, and he 
was expelled from the Polytechnic School 
of Paris as the leading spirit in a scholars’ 
revolt. When he was twenty he came into 
association with the famous French writer 
Saint-Simon, one of the truly seminal minds 
of our modern social theories. For six years 
Comte learnt from and with the elder man, 
and then they quarrelled. 

Soon afterwards Comte began to lecture 
and write upon his own system of thought, 
which ultimately took form in the six sub- 
stantial volumes of his great work, the 
“ Positive Philosophy.” The latter years 
of his life were monetarily supported by 
John Stuart Mill, his chief follower in this 
country, and by a few others who valued 
the great Frenchman's thought. 

Comte’s chief and central theory was that 
of the " three stages ” of human thought. 
The first was theological, wherein the 
" gods ” — or “ devils,” for the matter of 
that -were regarded as the capricious and 
irresponsible movers and causers of events. 
The second, he said, was the metaphysical, 
in which the “ gods ” were deposed, but 
abstractions like Fate, or Necessity, or still 
subtler ideas, were asserted to be the causes 
of things. Finally, there came the third 
stage, which Comte called positive. All 
superstitions, all abstract ideas, everything 
other than positive, empirical knowledge, 
gained by direct experience, was now 
banished, and man’s life must therefore be 
based upon " hard facts,” and those alone. 

Hence the new Religion of Humanity, or 
Positivism, which Comte invented. This 
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was a partly logical, partly emotional 
development from h s scientific and philo- 
sophical ideas. Comte was a genuine 
philosopher, beyond a doubt. The world 
was all one, for him ; and progress, on the 
lines he laid down in his law of the three 
stages, was a fact. The various sciences 
led into and up to one another, beginning 
with the inorganic, on to the organic, and 
ihence to the super-organic, by which latter 
he meant the sciences of the human mind 
and its consequences. The chief of these 
consequences is the growth and develop- 
ment of civilisation and society. Law and 
order were to be found here also, Comte 
declared, as in the realms of geology or 
chemistry. Hence he invented the word 
sociology , now familiar, to indicate the 
science of society, based upon all the 
simpler sciences, and necessary to be 
cultivated in the best interests of mankind. 

Positivism, of which the chief living 
disciple is now Mr. Frederic Harrison, was 
to recognise, cultivate, and use all these 
sciences, culminating in sociology and 
practical ethics, for the service of mankind. 
Like all great thinkers in all ages, Comte 
realised the essential unity of mankind, and 
of the human enterprise in time, as well as 
in space. The totality of worthy human 
life, past, present, and to come, was the 
object, and the sole object, of worship in 
this Religion of Humanity— The “ Great 
Being,” as Comte called the sum of the 
best life of our species. 

The coldness and lack of personality 
which such a religion must possess, while it 
remains a mere summing up of a philo- 
sophical conception, are partly got rid of by 
the formation of a calendar, not of saints, 
but of great men who have contributed 
notably to the advancement of human 
progress, and to the elevation of human 
character. If the sum total of human life is 
what is commonly spoken of as God, and 
our highest and dearest aim should be to 
serve this aggregate Humanity, which be- 
comes more purified as the ages pass, then 
the best individual thing we can know is the 
life of a good and great man who spent him- 
self for the best human causes. In such men 
humanity reached most perfect fruition ; 
and, acknowledging this, Positivism draws 
up its historical list . of servants of the 
Common Cause, and commemorates tlieii 
anniversaries with something of religious 
fervour. In this way it seeks to satisfy 
and use the sense of gratitude that all 
thoughtful men must feel as they contem- 
plate the work of the Platos, Pauls, Brunos, 
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Newtons, and other “ mighty dead who 
rule us from their urns.* 1 

In 1845 Comte, who had contracted an 
injudicious marriage in 1825, made the 
acquaintance of a very remarkable woman, 

( lothilde de Vaux, who had a deep and 
significant influence upon his thought. He 
became less hard, less dogmatic, much more 
alive to the less “ positive ” and perhaps 
profounder things of life. Much of the more 
beautiful part of Positivism is clearly due 
to licr influence. His “ System of Positive 
Polity,” the chief work of his later life, is a 
notable instance of this, and may be com- 
mended to the reader, either in full or in 
one of the English abstracts. 

Comte died on September 5, 1857, an d 
was buried in the cemetery of Pere-la-Chaise, 
in Paris, among so many of the illustrious 
rlead of his race. Positivism has not gained 
the success which he anticipated for it, but 
many of Comte’s ideas have borne much 
fruit in Mill and Spencer, and in modern 
sociology through their influence. For his 
extension of the idea of law to the most 
complicated phenomena of human life, and 
for his unswerving devotion to the en- 
noblement of that life, his name will always 
be honoured in the history of Humanity, 
the “ Great Being ” whom he worshipped. 

CONDILLAC 

The Senses as the Only Avenue of Knowledge 

Etienne Bonnot de Condillac, the pro- 
pounder of the theory that all knowledge, 
comes through the senses, was born at 
Grenoble, September 30, 1715. He was a 
student all his days, and a recluse for most 
of them. He took Holy Orders, and became 
Abbe de Marcaux, but his true vocation 
was that of a speculative philosopher. 

He was a friend of Rousseau and of 
Diderot, but his acquaintance with active 
life as known to these inquiring and restless 
spirits was but slender. His one excursion 
into the realm of practical affairs was a 
journey to Parma, at the instance of the 
French Court, to educate the orphan 
infant Duke Ferdinand, grandson of Louis 
XV., and it was for this Royal pupil, aged 
seven when the course began, that he wrote, 
in thirteen volumes, his “ Cours d’Etudes.” 
When he returned from Italy in 1768, 
Fondillac was made a member of the 
French Academy, but only attended one 
meeting. Later, he lived in the country, 
near Beaugency, with his philosophy, and 
there he died, August 3, 1780. 

Condillac began his studious life as a 
disciple of John Locke, but gradually devel-. 


oped a system of his own. His earliest 
books, the " Essai sur POrigine des Connais- 
sanccs Humaincs” and the “Traite des 
Systemes,” published in 1746 and 1749, were 
expositions of Locke, and attacks on the 
doctrine of “ innate ” ideas advanced by 
Descartes, and on the abstract theories of 
Leibnitz and Spinoza. Locke had said that 
all human thoughts arc due to experience, 
and experience comes through observation 
of external phenomena that is, through 
the five senses, or else through reflection 
“ upon the operation of mind.” But 
Condillac ruled out the latter part of this 
two-fold proposition, and contended that 
knowledge is derivable from sensation, or 
the senses, only. 

In his third book, the “ Traite des Sensa- 
tions,” he further seeks to limit the origin 
of knowledge to sensations, excluding re- 
flection, though he admits that sensations 
are modifiable by judgment. In order to 
attain an analytical view of the action of 
the senses, Condillac imagines an inanimate 
statue coming to life through the successive 
activity of each of the five senses. First, smell 
brings consciousness, attention, pleasure, 
and pain, with memory of the scent, and 
comparison with other scents, involving 
judgment. Then hearing, taste, and sight 
succeed, and arc followed by touch, until 
man has become what he is, without any 
need for innate possession of ideas. 

Condillac apparently did not see how this 
theory leads straight to the blankest 
materialism. Indeed, that is where it did 
lead men like Diderot, to the exclusion of 
all the spiritual phenomena which, from the 
ecclesiastical point of view, Condillac faith- 
fully accepted. Though his psychological 
survey was so limited, however, seen from 
the modern point of view of the immanence 
of creative life, his exact and logical method 
marked an advance in men’s study of the 
mind. At the time of his death, Condillac 
had in hand his ” Logique,” expounding an 
analytic method written at the request of 
the Polish Council of Public Instruction. 

His passion for psychological analysis led 
him to enumerate a singular principle with 
respect to youthful education. ” The first 
thing to be done,” he says, ” is to make the 
child acquainted with the faculties of his 
own soul, and to cause him to feel the need 
of making use of them.’’ This principle he 
carried out in the syllabus of instruction he 
drew up for his princely pupil of seven by 
insisting that the child should study in a 
preliminary way (a) the nature of ideas ; 
(6) the operations of the soul ; (c) the 
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habits ; (d) the difference between the soul 
and the body ; (e) the knowledge of God. 
Poor child of seven ! Or, otherwise, what a 
miraculous intellect ! 

Still, Condillac’s views on education arc 
often valuable as well as interesting. He 
speaks slightingly of learning by rote. 
Mnemonic prodigies are distasteful to him. 
The essence of good teaching is in leading 
the child to think. 11 Tie who has not 
learned to reflect lias not been instructed." 
The gradual growdh of the child through 
education should accord with the gradual 
growth of knowledge by mankind. Primary 
knowledge should be followed by cultivation 
of the taste, and crowned by philosophical 
speculation. 

Condillac’s range of interest was wide. It 
included economics, and his last book 
published during his lifetime - in 1776 — 
“ Le Commerce et le Gouvernement, con- 
sulates relativement run a Paul re,” largely 
influenced later European thought. It 
appeared in the same; year* as Adam Smith’s 
“ Wealth of Nations,” and Condillac*, like 
Adam Smith, was an ardent believer in Free 
Trade, llis way of putting the case was 
that exchange between nations or traders 
is essentially beneficial to both parties, as 
each is actually bartering something of 
the nature of a superfluity for something 
of the nature of a necessity. 

DEMOCRITUS 

The First and Greatest of the Materialists 

Democritus was born at: Abdera, in 
Thrace, about .jbo n.c. He is often called 
the laughing philosopher, by contrast with 
the. solemn Heraclitus, hut the grounds for 
this view of his character are doubtful. 
He was born ol ;i noble and wealthy family, 
which entertained Xerxes, t he conqueror, 
on liis return from Asia. The soldier left 
some of the Asian wise men behind him, 
and from them, no doubt, Democritus 
gained the desire to travel and learn the 
wisdom of the East. Upon travel he spent, 
indeed, his fortune, but he learned much 
in exchange, not least in Egypt, where he 
spent five years. When he came home, he 
gained immense fame, and was offered the 
rulership of the city, which he declined. 

We know r very little of the external life 
of Democritus. He is believed to have 
reached a great age. but the date of his 
death is uncertain. He wrote largely, but 
we only have fragments of his compositions, 
and are compelled to rely, to some extent, 
upon hio followers' traditions of him. 

We may call him, however, the Jirst and 
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greatest of the materialists, and may 
recognise in him the most remarkable 
anticipations of physical facts which have 
since been verified. He is the identifier of 
the atom, the first, atomist, the founder of 
the physical system and explanation of 
Nature which may be called Atomism. He 
declared that matter consists of a multitude 
of ultimate particles called atoms — that is 
to say, the uncut. They could not be 
divided, but were the elements of all things. 

Democritus seems to have conceived these 
atoms as centres of force, much as the 
modern chemist does. Wc must not at- 
tribute to Democritus such detailed ideas 
about atoms as wc owe to his modern 
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successor, Dalton.; nor must wc reject his 
views because recent chemistry has shown 
that atoms can be divided. The fact remains 
that atoms do exist, and that they cor- 
respond in essentials with what Democritus 
declared of them. 

From this first postulate, Democritus 
could proceed to a system of pnilosophv; 
and if we examine it we find that it is the 
prototype of all materialistic systems since 
his day. The idea of mechanical law, destiny, 
or fate is part of them ; by law is here meant 
a system of mechanical working which is 
independent of mind in every way. Law 
and destiny inhere in the properties of the 
atoms. According to those properties are 
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il] bodies built up, and the properties and 
xliaviour of all things are therefore de- 
pendent upon the properties of their con- 
.titnent atoms. Thus the whole of Nature 
s conceived as an atomic system, governed 
,y mechanical laws. 

The theory is a great one, and is in many 
vspects closely similar to that put forward 
)V Leibnitz many ages later. It was not 
,ii ly great as an intellectual construction, 
,ut it was fertile. As we now know, it 
•^presents a very considerable portion of 
:lic truth; and it was thus a legacy for 
future thinkers and students of Nature, 
fhc idea of the atoms which constitute 
iliings and give them their characteristics 
■>ecame a permanent possession of humanity, 
mil an extremely valuable one. The name 
>f Democritus will always be honoured in 
onncction with it. On the other hand, it 
, coins clear that his theory was purely 
ncchanical. We cannot find in his writings 
my recognition of the Intelligence, or Nous, 
11 which Anaxagoras believed. The in- 
lcrent physico-chemical properties, as we 
should now call them, of the atoms were to 
iccount for everything. 

“ Few great men,” says Lange, the 
ierman historian of thought, “ have been 
«> despitefully used by history as Demo- 
.'ritus. In the distorted images sent down 
to us through unscientific traditions there 
remains of him almost nothing but the name 
of the 4 laughing philosopher,’ while figures 
of immeasurably smaller significance spread 
themselves out at full length before us.” 
This injustice is now being corrected. It 
is on record that Bacon, a great judge, had 
i very high opinion of Democritus, though 
In*, like Lange, was an opponent of 
materialism. And, about a generation ago, 
m his famous Belfast address to the British 
Association, Professor Tyndall did much to 
teach the modern world how great Demo- 
critus was. j, 

His memory owes something, also, to 
George Henry Lewes, who shows that 
Democritus opened out new paths in our 
'tudy of the physical world, and that he 
made real contributions to psychology as 
wt‘ll. It is, indeed, curious to hear Madame 
Montessori, and her enthusiastic advocates 
in this country and the United States of 
America, largely basing their educational 
theories upon the doctrine which Demo- 
fritus was the first to teach— that 44 touch 
ls the mother of the senses.” This remark- 
thinker, approaching the senses not 
l r( mi any study of the body, but as a philo- 
'°pher, argued that all ox them were none 


other than special developments of their 
“ common progenitor,” touch. When we 
see, we do not touch, indeed ; but Demo- 
critus taught that things seen throw off 
from their surfaces a kind of image or 
emanation of themselves, which reaches 
the eye and arouses vision. Thus sight is 
a sort of 44 anticipatory touch.” This is the 
famous theory of - sensation framed by 
Democritus, and it becomes also a theory 
of knowledge. By the senses only, by 
touch, and specialisations of touch, can 
we and do we know. 

The biologist and psychologist of today, 
studying the development of the individual, 
the formation of the lens of the eye from 
the skin, the evolution of the various sense- 
organs, and so forth, are bound to admit that 
when Democritus declared touch to be the 
mother of the senses he correctly antici- 
pated what science was to prove more than 
two thousand years later. Upon this 
thinking of the ancient Greek thinker, and 
the evidence of today, arc based most of 
the demands which scientific students of 
education are making at the present time. 
When the late Professor William James, 
and so many educators of today, such as 
Professor Michael Sadler, argue for more 
manual training in education, they are 
following the theory of old Democritus. The 
same must be said for the advocates of 
modelling and drawing, and. above all, 
for those of the latest scheme of education, 
known as the “ Montessori system.” 

We have referred to Tyndall’s opinion 
of Democritus in respect of the physical 
theory of the atom, which we owe to this 
great man. But it must be added that 
Tyndall definitely rejects the view that life 
and mind are to be explained on the 
atomic theory. He says : 44 If we look 

at matter as pictured by Democritus, and 
as defined for generations in our scientific 
text-books, the notion of any form of life 
whatever coming out of it is utterly un- 
imaginable. The argument placed in the 
mouth of Bishop Butler suffices, in my 
opinion, to crush all such materialism as 
this.” The argument referred to is one 
which Tyndall invents as expressing 
Butler’s views, and points to the fact 
that atoms without mind and life indi- 
vidually might construct mindless and 
senseless automata, but that mind and 
life could not be produced from them. 
The evident conclusion is that we must 
extend notions of mind to the atoms of 
'Democritus, if mind is thereafter to be 
explained in terms of them. 
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INVENTORS 


LOUIS BRENNAN— AN INVENTOR IN PEACE 
AND WAR 

JAMES BRINDLEY — A CANAL - MAKER'S 
ROMANCE 

ISAMBARD KINGDOM BRUNEL— A GREAT 
ENGINEER ON LAND AND SEA 
SIR MARC ISAMBARD BRUNEL -PIONEER 
OP TUNNELLING UNDER WATER 
WULIAM BRUNTON— AN INVENTOR W1IO 
FORGOT TO PATENT 

DAVID BUSH NELL — THE FIRST PRACTICAL 
SUBMARINE ENGINEER 
JOHN CANTON— THE FIRST MAKER OF 
\RTIFICIAL MAGNETS 
tDMUND CARTWRIGHT— THE MAN WHO 
REVOLUTIONISED AN INDUSTRY 
ANDERS CELSIUS— WHO INVENTED THE 
THERMOMETER USED BY SCIENCE 

LOUIS BRENNAN 
An Inventor in Peace and War 

| oris Brennan, maker of torpedoes and 
I - gyroscopic railways, was born at Castle- 
bar, in Ireland, on January 28, 1852. At nine 
years of age he was taken to Australia, and 
he lived at Melbourne until 1880. When a 
young watchmaker, he took up the study ol 
a few mechanical paradoxes, and developed 
a surprising genius for working them into 
great practical inventions. His celebrated 
torpedo was based on a very simple operation, 
and so was his still more famous mono-rail. 
But in both cases a great deal of ingenuity 
and hard work was necessary to perfect 

I bem ; indeed, he is still busy working on 
the railway that promises to transform the 
conditions of locomotion and land transport. 

Possessing business ability as well as a 
genius for invention, he was able to sell the 
Hrennan torpedo to the British Govern- 
ment. In 1887 he was made superintendent 
>f the Brennan torpedo factory, near 
Chatham, but at the end of nine years he 
aus content with the position of consulting 
mgineer to the factory, and retained it until 
If W. He had taken to playing with tops, 
md, being now a man of fame and fortune 
in, l influence, he could afford time to study 
he curious action of the gyroscope. It 
mild be put to use on a torpedo, and also 
Jn a railway train or a rolling ship. Its 
in fulness was of wide application ; it could 
nvn » as has lately been shown, give stability 
0 the aeroplane. 

The gyroscope had been first introduced* 

II to the torpedo by Ludwig Obry, and is 

III important element in the Whitehead 

M \ 


SIR WILLIAM COOKE -JOINT INVENTOR 
OF THE ELECTRIC TELEGRAPH 

SAMUEL CROMPTON-WHO GAVE THE 
PUBLIC THE SPINNING-MULE 

LOUIS JACQUES DAGUERRE— A SUCCESS- 
FUL PIONEER OF PHOTOGRAPHY 

GOTTLIEB DAIMLER— THE GERMAN WHO 
MADE THE FIRST MOTOR-CAR 

WARREN DE LA RUE— THE MAN WHO TOOK 
THE FIRST SUN PHOTOGRAPH 

RUDOLPH DIESEL— INVENTOR OF A NEW 
OIL-ENGINE 

JOHN DOLLOND— THE STRANGE STORY OF 
THE REFRACTING TELESCOPE 

JOSEPH EMERSON DOWSON— INVENTOR 
OF THE CHEAPEST COAL-GAS 

torpedo, preventing the deviation of that 
engine of destruction from its direct course. 
The peculiarity of the Brennan torpedo, for 
which Mr. Brennan received from the 
British Government the unprecedented sum 
of £110,000, is of another kind. This tor- 
pedo, used for the protection of docks and 
harbours, is propelled and steered by an 
exceedingly ingenious device. The torpedo 
contains two drums, each of which is wound 
with a great length of fine wire, and is 
geared to a propeller. These wires from the 
two drums are wound in at high speed by 
an engine on shore, and the torpedo is thus 
driven and directed. 

Mr. Brennan had from a boy been 
interested in the balancing power of tops. He 
was born with the greatest of all possessions, 
a sense of wonder, and, more fortunate 
than the majority of mortals, kept his 
divine faculty through life. He was amazed 
at the mechanical paradox of . a top-heavy 
top keeping an upright balance when spun. 
To get at the explanation, he bought all 
kinds of tops, made new sorts, and experi- 
mented with them for years. It was by 
means of these gyroscopic experiments that 
he obtained the master-idea of the new 
mono-rail, which is fully described and 
illustrated on page 1682 and the following 
pages of the present work. 

The War Office, the Indian Government, 
and the Kashmir Government became 
greatly interested in the gyroscopic car. 
They all had railways to build, sometimes 
hastily, and a train that needed only a 
single line, narrowly, cheaply, and even 
roughly built, was very promising. So Mr. 
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Brennan received subsidies, with which he 
has constructed a full-sized car and a single 
track near the torpedo factory at Chatham. 

JAMES BRINDLEY 
A Canal-Maker's Romance 

James Brindley, the canal maker, and 
one of England’s greatest practical geniuses, 
was born at Thornsett, Derbyshire, in 1716, 
the son of a wastrel small farmer, who 
failed in all the duties of a father, and 
left his children without education. James 
eventually learnt the rudiments of spelling, 
and could just write his name and figure 
simple sums, but he relied almost ex- 
clusively upon mental processes for the 
elucidation of his problems. After a 
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wretched childhood, he apprenticed himself, 
at seventeen, to a millwright, who was also 
something of an engineer. His master at 
first regarded him as a slovenly workman, 
and threatened to send him back to the 
lields from which he had taken him, but 
greater responsibilities brought out the 
lad’s marvellous powers. 

His employer was engaged to build a 
paper-making machine, and came to a 
standstill with the work through ignorance 
of his subject. Brindley, after finishing 
work one Saturday, voluntarily undertook 
a fifty- mile walk to a place where a similar 
machine was in existence, looked it over, 
trudged back to his home, was in his place 
when the shop opened on the Monday 
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morning, was able to tell his emplovei 
where he had strayed, put him right, and, 
in the building of the machine, effected an 
important improvement in the mechanism 
The useless lout of yesterday had become 
the master-mind of the establishment. 

Before Brindley’s apprenticeship expired, 
his master, grown old and decrepit, was 
glad to resign the control of the business 
to him, and Brindley ran the place, and 
supported the old man and his family 
with unswerving fidelity. Eventually lu* 
was able to start a little business of his 
own, ostensibly as a millwright — a very 
elastic term in those days. He became 
the general-utility man of the neighbour- 
hood. If a machine broke down, they 
sent for Brindley ; if, for some unexplained 
mystery, one would not work, though not 
obviously damaged, they sent for Brindley. 
He never failed them. While accomplishing 
some trifling repair, he would note an 
opening for some improvement, and would 
apply his idea. It may have been some 
entirely new principle, worthy the protectior 
of the Patent Office, but he did not worn 
with legal protection. The thing was doiu 
in the course of the day’s work, and In 
would not have been happy otherwise. 

The fame of the illiterate millwright 
spread, and he was called to Clifton, \v 
Lancashire, to pump a mine free of water. 
He did the pumping, but to accomplish il 
he had to obtain his power by a water- 
wheel fixed thirty feet underground, am 
to carry to it from the Irwell, through a 
tunnel some 600 yards in length, bored ii: 
part through rock. 

Next he was called in to assist in erecting 
certain machinery at a silk-mill in Cheshire 
where a pompous engineer was in charge, 
who frankly admitted to him that he dir 
not understand the work that he was called 
on to discharge, yet treated Brindley, 
whom he was forced to consult, with district 
and contempt. Brindley quietly informed 
his employers how matters stood, and 
offered, if given a free hand, to carry out 
the work to their entire satisfaction. They 
agreed, and he executed his task in such a 
manner as to astonish them. 

Incidentally, while fitting up the ma- 
chinery, he noticed that the silk \'A S 
unevenly wound on to the bobbins. He 
paused to invent valuable improvements 
here, so that the silk ran evenly on to die 
bobbins ; and he contrived also mechanfcnj 
by which the entire machinery of the mill 
could be instantly stopped, or any par- 
ticular portion of it. Having much to do 
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with gear wheels, he realised how badly 
;i V:(l slowly these were cut by the manual 
1]l( ' t hods in use ; so he invented a machine 
v inch cut them accurately, and at about 
u ni teen times the rate previously attained. 

So matters went on until a very remark- 
j,] ( . man, the Duke of Bridgewater, heard 

tin* untutored genius, and called upon him 
tu build him a canal, the first serious 
wnture of the kind in England. It was to 
mu irojn Worsley to Manchester, and, to 
mnid waste of water and money from a 
sV *,tcm of locks, it was to be on a dead 
level. This meant the boring of tunnels 
ami the raising of embankments. Moreover, 
tin canal had to be thrown across the 
River Trwell. In his quiet, unemotional 
w;iy, Brindley thought matters out, formed 
his own plans, and began. Of course, the 
aitics sneered, as they would sneer today 
it a jobbing engineer were suddenly called 
upon to make a canal to open up one of 
the richest coalfields in England. When he 
heard of the man’s proposal to construct a 
three-span aqueduct across the Irwcll, one 
ol the experts remarked: “Well, I have 
often heard of castles in the air, but never 
hetore was shown where any of them were 
to be erected.” Brindley went quietly on 
with his work, tunnelling here, embanking 
there, burrowing under Manchester at one 
end and under Worsley at the other, 
touching the coalfield at a score of points. 
Ihe aqueduct was begun in July, 1760; 
boats were crossing it in July, 1761. 

Next the duke set him to link up Liverpool 
with Manchester, by continuing the canal 
t" the Mersey tideway at Runcorn ; and 

I hi 1 alley did it — thirty miles of canal 
yiriied over a course of infinite difficulties, 
including two rivers and two deep valleys, 
the first crossed by aqueducts and the 
-ccund by broad and lofty embankments. 
•h‘ had not forces available such as they 
Luo had for the Panama Canal, but in the 
!llsi boo yards from the Mersey there is a 

ol 82 feet, and Brindley’s locks success- 
hill v negotiated it. 

He had a genius for economy, tor mas- 
tei, ing difficulties by the invention of 
! Il!i rcly new forms of apparatus. It is 
impossible to follow him through all his 
undertakings, which gave England some 
» (, 3 miles of navigable canals, and placed 
11 1 m a position, in regard to cheap and 

II v carriage for goods, which she ought 

III v r to have let slip. His works enor- 
n I'm sly stimulated industry, for coalfields 
ul,1( 'h had before been inaccessible, and. 
- 11, < favourable ta manufactures which had 


previously lam fallow, were now brought 
into communication with the rest of the 
world at trifling cost. 

Probably England has never produced 
another such man as Brindley. All the 
complex calculations necessary for his great 
engineering feats were worked out, un- 
aided, in his owrl head. ’ He never made 
drawings, except when rarely his employer 
insisted on a rough sketch. He figured out 
quantities and details of canal or machine 
in his mind. When he had reached the end 
of a long sum from which he had to carry 
on, he would jot down a few figures 011 
paper, and work on afresh from that stage. 
He lived for his work, had no hobbies, no 
recreations. Once, and once only, he went 
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to a play. It completely upset him. It 
confused his ideas, lie said, and unfitted him 
for business. Why did people want to bother 
with such nonsense, when there were canals 
to build ? Canals became his grand passion. 

He once defined, before a Parliamentary 
Committee, his theory as to Nature’s pur- 
pose in providing rivers. “ They were 
made,” he said, “ to serve as feeders to 
navigable canals.” And doubtless he 
believed it. He continued his cheerful 
labours to the end of his days, always plan- 
ning, planning, in that wonderful brain of 
his, a brain which embraced the entire 
details of, say, a canal such as the Grand 
Junction, linking the Trent and Humber 
with the Mersey ; embraced the details from 
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the cutting of the first sod to the fitting of 
the last lock-gates, all prepared before the 
first order was given. 

When any specially recondite problem 
challenged him, he would retire to bed, and 
stay there, one day, two days, three days, 
or more, if the case needed, wrestling with 
his difficulties. But when he got up the 
whole thing would be clear, and operations 
would at once begin. Rough, uncouth in 
manner, clad as one of the meanest of his 
carters, when lie spoke, for all his rough 
diction, his brief, pregnant speech was that 
of a genius. Carlyle’s picture of him is 
perfect : " The rugged Brindley has little to 
say for himself ; the rugged Brindley, when 
difficulties accumulate, retires silent, gener- 
ally to his bed . . . that ho may be in 

perfect privacy there, and ascertain in his 
rough head how the difficulties may be over- 
come. The ineloquent Brindley, behold, he 
has chained seas together; his ships do 
visibly float over valleys, invisibly through 
the hearts of mountains ; the Mersey and 
the Thames, the Humber and the Severn 
have shaken hands ; Nature* most audibly 
answers, yea ! ” Brindley died at Turn- 
hurst, Staffordshire, on September 30, 177.2. 

ISAM BARD KINGDOM BRUNEL 

A Great Engineer on Land and Sea 

Tsambard Kingdom Brunei was born at 
Portsmouth on April 9, iNob, the son of 
Sir Marc Isambard Brunei. His father, 
retaining his love of French educational 
institutions, sent the bov to Paris, where he 
passed two profitable years at the College 
of Henri IV., which had had a high repu 
tation for mathematics. Young Brunei, 
who inherited the fine talents of his father, 
proved himself an adept mathematician, 
and his gifts in this direction served him 
well in the great undertakings that lay 
before him. But he owed his practical 
training to England, and at seventeen 
entered the office of his father, who bv this 
time .occupied a commanding place as an 
engineer. He was still a boy when lie 
worked for his father in the building of the 
Thames Tunnel, and throughout the trying 
operations attending that gigantic work he 
served with splendid devotion, lie was not 
merely resident engineer in name but in 
actuality. He was never absent from the 
scene when danger threatened, was always 
ready to counsel and encourage, to repair the 
ravages of the river, to battle against its in- 
rush, to save the lives of men less able than 
himself, and help them to keep their heads 
in crises. At one period he was in the 
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workings for ninety-six hours at a stretch, 
with only snatched intervals of sleep taken 
in the actual tunnel. His experience there 
was a highly valuable training for his own 
career, for the instant solution of problems 
presented themselves involving engineering 
skill of the highest order, and he exhibited 
resource and versatility equalling his persona! 
courage and zeal. 

Some of his most extensive projects were 
carried through while the tunnel scheme 
hung like an incubus about his father^ 
shoulders, and during the troublous time,* 
in which an ungenerous generation flung 
the great genius into a noisome debtor.*' 
prison. The son’s first large scheme w,v 
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I01* the erection of a suspension bridge at 
Clifton. This was in 1829, when his Just 
draft was not accepted. Two years later. 
Brunei submitted a second, and this proved 
so mathematically exact that it wa> 
accepted in face of the competition of the 
greatest engineers of the day, including 
Telford, by whose advice the first had been 
rejected. For a man of three-and-twenty, 
the undertaking was an arduous one, hut 
Brunei had ripened in wisdom amid the per- 
plexities of the Thames Tunnel. The work 
was begun in 1836, but, owing to lack at 
funds, was not carried to completion unti 
after its designer’s death. Meanwhile, Brunei 
embarked upon a series of notable works, the 
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building of great docks in various parts of the 
n.untry through which incalculable wealth 
since passed, and the making of railways 
!,<,th in England and on the Continent. 

engineer to the Great Western Railway 
1„ carried out a vast amount of work, 
linmel was the chief advocate of the broad 
j^iuge, and his adherence to this plan was 
ilestined to cost his company a fortune 
belnre the narrow gauge was fully installed. 
Hut though he erred here, as also in his 
atmospheric railway scheme, he achieved 
magnificent work in all other directions. 
'Hide was no Bessemer to give him abun- 
dant cheap steel for his rails and bridges 
and plant, no vast engineering works such 
as the smallest railway can command today, 
hut with such as he had at hand he built 
lines, bridges, viaducts, and tunnels which, 
even today, after all these years, are 
among the glories of British railway 


out and home again across the Atlantic, oi 
farther, without recoaling. His first vessel, 
the “ Great Western,” 236 feet in length, 
and with a displacement of 2300 tons, 
exceeded by 28 ft. the largest vessel 
previously alloat, and at once cut down the 
voyage to America to fifteen d\ys — an 
enormous gain both in point of time and 
earning power. Becoming convinced of the 
practicability of the screw propeller for large 
ships he installed tin new method of pro- 
pulsion in the Great Britain,” which, 
launched in 1845, was the pioneer of all the 
big screw-driven vessels. His next and last 
ship was the “ Great Eastern,” regarded by 
shipbuilders as the final word in seagoing 
craft. The story of her disasters and failures 
is familiar history. 

The failures were not Bruners. There 
was genius in his designs, but he had many 
unknown quantities to face in the con- 
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■ngiiieering. It was due to him that the 
'mouth-running, admirable Great Western 
■uranic known among railway travellers 
,s “die fine old English gentleman;” and 
l>e confidence that the staff reposed in him 
ll:, V be estimated from the tradition still 
nasured at Paddington that a doughty 
flight of the footplate solemnly submitted 
0 the directors a proposition that if they 
' u,, hl look after his wife and children he 
'•uild drive his train from London to 
Bristol, n8£ miles, within the hour! 

Brunei presently turned his attention to 
^■•unships, and revolutionised them in 
"mit of size, power, and efficiency. More 
* un -seventy years before Amundsen dis- 
‘'•vered how to drive a ship half way round 
,1( ‘ world without calling for fuel, Brunei 
\‘ l " debating the same problem, and his 
,,,U1 was to make his vessels big enough, if 
lLr d be, to store coal which would take them 


st ruction of a vessel so largely out-topping 
all her predecessors. The double skin, first 
adopted in the “ Great Eastern,” was 
Brunei's invention, and its importance has 
been borne in upon us all in connection 
with the sinking of the “ Titanic.” The 
worries arising from the building of the 
vessel constituted Brunei's death-blow. He 
was seized with an apopleptic fit at the trial 
of her engines, and died ten days later, on 
September 15, 1859. As mentioned, his ad- 
mirable Clifton suspension bridge was com- 
pleted after his death, from materials used 
by him for the old Hunger ford suspension 
bridge, which was removed to make way for 
the existing railway bridge at Charing Cross. 

Brunei was a man of singularly charming 
nature, a generous, dependable friend to his 
competitors, as well as to his intimates, and 
would say, “ spite and ill-nature are among 
the most expensive luxuries in life.” 
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SIR MARC ISAMBARD BRUNEL 
The Pioneer of Tunnelling under Waters 

Sir Marc Isambard Brunei was born, the 
son of a small farmer and postmaster, at 
Hacqueville, near Gisors, Normandy, on 
April 25, 1769. Vowed by his father to the 
Church, the boy showed himself a born 
artist and engineer, and early in life pawned 
his hat to raise the money for a new tool. 
The paternal views as to the Church having 
been abandoned, Brunei entered the French 
Navy, and served for six years. While at 
sea he invented an admirable quadrant, 
which served him all his life. Returning 
home, at the expiration of his term, he 
became engaged to an English girl named 
Sophia Kingdom. He had met her at 
Rouen, where she was a visitor. Her 
maiden name lives, it will be noticed, as the 
second name of their distinguished son. 

The French Revolution was at its height 
on Brunei’s return, and as the Royalist 
views of the young sailor placed his life 
in danger, he was glad to escape to America, 
whither many of his countrymen had 
preceded him. He readily found employ- 
ment as surveyor and architect, and carried 
out important work for the American 
Government, by whom he was appointed 
chief engineer of New York. 

Brunei would in all likelihood have 
remained to make his fortune in New York 
had there not been a lodes tone to draw 
him to England. It was Sophia Kingdom. 
He could not be happy without the English 
girl whom he had met at Rouen, and as 
she had returned to her native land he 
determined to follow her. Storing his 
mind with ideas for inventions, he set sail, 
determined to stake his fortune at the 
outset on a device for making by machinery 
the blocks used in the rigging of ships. 
Of these blocks no fewer than 1400 were 
employed in the rigging of a single man-of- 
war, and the difficulty in getting them 
expeditiously and perfectly made was a 
constant source of worry. Brunei had 
thought out his scheme while himself 
engaged in wood-cutting ; and the romance 
of the invention must be rounded off by 
repeating his assertion that the operation 
in question was none other than his carving 
the initials “ S. K.” upon the trunk of a 
giant of the American forest. So to Eng- 
land he came ; met again his beloved 
“ S. IC.,” married her, and became the 
father of a son in every respect worthy of 
them both. 

In submitting to the Admiralty his 
scheme for block-making machinery he had 
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the fortune to meet Sir Samuel Bentham 
Inspector-General of Naval Works, who 
had himself devised a plan for this very 
work, had installed plant, and actually be- 
gun the erection of buildings for exploit- 
ing his patent. With exemplary chivalry 
and magnanimity, Bentham, with whom 
the decision lay, at once admitted the 
superiority of Brunei's invention, and 
recommended its adoption. In order to 
carry out his design, Brunei, who was a 
skilled draughtsman, but no mechanic, had 
to seek the assistance of Maudslay, that 
never-failing ally of the inventor. Mauds- 
lay carried out an extensive series of 
machines for the successive operations 
necessary, and they were duly installed 
at the Government dockyard — the' first 
series of machines by which a manufac- 
turing process was ever broken up . into 
sections in this manner. The invention 
was a great success, for it reduced the cost 
of labour by nine-tenths, and vastly in- 
creased the output, while each piece oj 
wood turned was mathematically accurate 
in design and proportions. 

Brunei realised £17,000 by his invention, 
which was a small proportion of the saving 
effected for the Government in the first 
year of its operation. Later, when he was 
in difficulties, he received a further £5000, 
but the Government paid him ill, con- 
sidering the enormous saving that had 
resulted to them. Brunei now gave rein 
to his inventive faculties, and produced 
new varieties of machines for cutting, 
sawing, and bending timber, and erected 
large sawmills at Battersea. It was the 
destruction of these mills by fire which 
ultimately brought him to bankruptcy. 
Next he carried out great extensions and 
improvements at the Chatham Dockyard, 
where he revolutionised the old-time 
methods. He further invented a kind of 
sewing-machine, and another for making 
boots. Again, he conducted important 
experiments in steam navigation on the 
Thames, and got the Admiralty so far 
towards recognising the existence of the 
new motive-power as to let him undertake 
to provide steam tugs for towing the 
wooden walls of Old England. 

But they would have nothing to do with 
actual steam vessels; and after having 
undertaken to indemnify him for experi- 
ments, they revoked the agreement and 
left him to bear the entire expense himself. 
English history should not be read in the 
lives of the inventors if one would retain 
respect for his country. While he was 
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inventing new stereotyping processes, 

, recting sawmills and bridges at home 
;! nd abroad, and unweariedly carrying on 
!'i implicated experiments for the better- 
ment of steam navigation, his Battersea 
mills were burnt down, and Brunei was 
, ventually thrown into prison for debt. 
The Government, which had-been profiting 
i i v his invention to the extent of £24,000 
per annum for the preceding eighteen years, 
!ind had added to his embarrassments in 
the manner already described, let him lie in 
durance vile for months before they at last 
1 warded Him the £5000 necessary to effect 
his release. And while he was in prison there 
was the Thames Tunnel waiting to be built. 
The story of that tunnel, with its dif- 
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liculties, its tragedies, its romance and 
terrors, is part of the history of engineering, 
fhe tunnel was made possible simply by 
reason of a characteristic example of 
observation on the part of Brunei. In the 
dockyard he noticed the operations of the 
teredo, or ship- worm. He saw how, in 
tunnelling into the timbers, it constructed 
a tube for itself, from its own secretion, 
building up its shield as it ate away the 
wood. Brunei invented a shield upon the 
^ame plan. As the face of the soil was 
‘lug away, the men, covered and protected 
hv the shield, built up with masonry the 
roof and walls which they had cut. It was 
a masterpiece of invention, and all the 
sub-aqueous tunnels in the world since 


that day have been bored by its use. There 
never were greater engineering difficulties 
than those encountered in the Thames 
Tunnel. Again and again the river broke 
in upon the workers, drowning men, wreck- 
ing the apparatus, working enormous 
damage. Only brilliant fertility of resource 
and unswerving courage on the part of 
Brunei and his son saved the situation. 

As it was, funds ran out, and the work 
was suspended for seven years. It was an 
unparalleled situation, a wonderful tunnel 
driven half way under the Thames, deserted, 
unprotected, left to crumble. A public 
subscription was at last raised, and Brunei 
was enabled finally to carry his design to 
triumph. The work, from beginning to 
end, had extended over eighteen years. It 
was his last great achievement, and his 
monument. It did not serve the purpose 
for which it was intended ; in some respects 
it was for many years his splendid failure, 
but in time it was put to good use as a 
railway tunnel, and as such it serves today. 
Brunei was a confirmed invalid for the 
hist three or four years of his life, and died 
in London on December 12, 1849. 

WILLIAM BR.UNTON 

A Scottish Inventor who Forgot to Patent 

William Brim ton, mechanician and in- 
ventor, was born at Dalkeith on May 26, 
1777. His father was a watch and clock 
maker, and his grandfather engaged in a 
colliery near by. From both he acquired 
valuable knowledge of engineering principles 
and mechanics while quite a boy. When 
he was thirteen his opportunity for more 
extended operations arrived. At the time 
when all Lancashire was against Ark- 
wright, a purse-proud rival made some 
slighting reference to that inventor’s early 
association with the barber’s shop. “ Ah/* 
said Arkwright, when he heard of it, “ I 
will lind a razor in Scotland to shave Man- 
chester. ,, His Scots “ razor ” was the 
cotton-mill which, in association with 
David Dale, he built at Lanark. Here 
Brunton was employed for several years 
in the fitting shops, and, as he began with 
more experience than many a man of his 
time, he must have been a treasure where, 
according to Watt and Boulton, the gener- 
ality of mechanics were villainously bad 
workmen. At any rate, William felt him- 
self fitted for better company, and was only 
nineteen years of age when he packed up 
and went off to Birmingham, where his great 
compatriot Watt had become the partner 
of Boulton. 
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Murdock and Brunton were the excep- 
tions to the rule laid down by Boulton that 
Scotland could not turn out a mechanic, for 
Brunton became almost as great a person- 
ality at the Soho Works as Murdock became 
in Cornwall ; and for a number of years 
he was one of the chief animate assets of the 
firm. Placed in charge of the engine 
department, he was not content automatic- 
ally to follow out the plans of his masters in 
the manufacture of the new power they 
were giving to the world ; he himself sug- 
gested many vital details. Brunton made 
the first engine employed for the steam ferry 
on the Mersey in 1814, and fitted out the 
first steamer that ever hauled a war vessel. 

It was after this that he left his old 
masters to join Jessop. of the Butterley 
Works, where he invented his famous 
*' steam horse, " an automaton which actually 
walked, drawing a load up a stiff gradient 
throughout the winter. Then, apparently, 
the iron steed was over-fed with fuel, for 
one day it incontinently burst, with terrible 
results, thirteen dead men lying beside it 
when the wreckage was examined. Kittle 
is known of this mechanical marvel today, 
for its dissolution was so tragic that Brunton 
abandoned for ever any idea he may have 
had of developing it further. 

When thirty-eight Brunton became a 
partner in the Eagle Foundry at Birming- 
ham, and later had a share in a Glamorgan- 
shire timvorks, where he showed astounding 
skill, for one who had no training in metal- 
lurgy, in reducing and manufacturing 
metals, and in the making of improved 
furnaces and rolling-mills. Some of his 
inventions became generally adopted at 
home, while others were carried to the 
mines of other lands, to enrich shareholders 
at home who had never heard of William 
Brunton. He was a man of fertile genius, 
but, like many other of the happy-go-lucky, 
talented men of his wonderful age, took 
more pains with his experiments than with 
legal formalities. 

The outcome of one such piece of care- 
lessness was that an invention for casting 
iron pipes, to which he had for years devoted 
long and anxious thought and a consider- 
able sum of money, proved useless. A 
foreigner had previously patented the idea 
for the making of pipes of terra cotta, and 
had added a caveat to the effect that the 
same principle could be applied to the 
manufacture of metals. The history of 
those old patent Jaws might have been 
written in the blood of broken-hearted 
British inventors. Towards the end of his 
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life Brunton seems to have tired of his 
calling, for he invested his savings in a 
brewery, lost the whole, and died at Cam- 
borne, Cornwall, on October 5, 1851. 

DAVID BUSHNELL 
The First Practical Submarine Engineer 

David Bushifell, the American founder of 
submarine engineering and submarine ex- 
plosives, was born at Say brook, (now West- 
brook), Maine, U.S.A., in 1742. Of a very 
original turn of mind, he was the first to 
combine the idea of the submarine boat 
and torpedo, and to bring both into action. 
The external shape of his vessel bore some 
resemblance to the upper halves of two 
tortoise-shells, joined together, the place 
of entrance into the vessel being repre- 
sented by the opening of the shell at the 
head of the animal. The inside was capable 
of containing the operator, with, says 
Bushnell’s own description, air sufficient 
to support him for thirty minutes without 
receiving a fresh supply. At the bottom 
of the vessel, opposite the entrance, was 
fixed a quantity of lead for ballast. At 
one edge, which was directly before the 
operator, was an oar for rowing backward 
or forward. At the other edge was a rudder 
for steering. 

An aperture at the bottom, fitted with a 
valve, was designed to admit water for the 
purpose of descending, and two force-pumps 
served to eject the water when it became 
necessary to ascend. At the top of the 
craft there was likewise an oar, answering 
to the Nordenfeldt vertical screws, for 
descending or continuing at any particular 
depth. A water-gauge or barometer deter- 
mined the depth of the descent, a compass 
directed the course, and a ventilator within 
supplied the vessel with fresh air when on 
the surface. The vessel carried a maga- 
zine charged with explosives, which could 
be fixed to the hull of the object of attack, 
and fired by time-fuse after the submarine 
had withdrawn. Alternatively, it could be 
discharged by a similar fuse, after being 
floated down upon the victim with the tide. 

Minute particulars of his vessels, and of the 
attempts he made against British ships with 
them, are printed in the volume of the 
American Philosophical Society for 1801. 
Washington, in a letter to Thomas Jeffer- 
son on the subject, described Bushnell as a 
“ man * of great mechanical powers, fertile 
in inventions, and master of execution.” 
Of the Bushnell submarine Washington 
adds, “ 1 thought, and still think, that it 
was an effort of genius, but that too many 
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things were necessary to be combined to 
expect much from the issue against an 
enemy who are always upon guard/* 
j )otails of this submarine and its work will 
) M > found on page 2760 of the present work. 
Bushnell, disappointed at the cool reception 
accorded to his submarine, went to France, 
Imt returned to his native land,, settled in 
(ieorgia, and died there in 1824. 

* JOHN CANTON 
The First Maker of Artificial Magnets 

John Canton was born at Stroud, 
( iloucestershire, on July 31, 1718. Although 
destined to rank as one of the great original 
irinds of the age which produced Galvani, 
Volta, and Henry Cavendish, Canton had 
always his livelihood to seek beyond the 
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charmed empire of natural science. Indeed, 
lie gave up two important periods of his life 
to the task of equipping himself for bread- 
winning. First he was apprenticed to a 
broadcloth weaver, and then, travelling to 
Condon, articled himself to a schoolmaster, 
who eventually took him as a partner. The 
period was spoken of at the time as “ the 
golden age of electricity/* yet in that age 
men were rubbing together silk and woollen 
stockings to produce electricity, and Frank- 
lin’s experiment in proof of the identity of 
electricity with lightning had baffled all 
who sought to confirm it. Canton was 
wedded to science from his youth up, and 
when not teaching his scholars was experi- 
menting and learning. 

He successfully repeated Franklin*s ex- 


periment, and announced new discoveries 
in electricity, many of them insignificant 
in themselves, but important as links in the 
chain of knowledge then being formed. 
Thus he showed that negative or positive 
electricity may be produced at will in the 
same glass tube ; that atmospheric air may 
be electrified ; and he prepared the way for 
important research as to induction. His 
personal needs led him to the invention ol 
various electrical instruments which proved 
the parents of a numerous family. 

Canton’s claim to fame depends, in the 
main, however, upon his discovery of a 
method of making artificial magnets, the 
first ever known to the world. He had 
been experimenting for three or four years 
prior to reading his paper on the subject 
before the Royal Society, who marked their 
sense of its value by awarding him the 
Copley medal, he having, two years earlier, 
been elected a Fellow. The idea of the 
artificial magnet occupied other minds than 
Canton’s, and one of his rivals, who dis- 
covered several new processes of this kind, 
charged Canton with imitation. 

It is, however, well established that 
Canton’s claim to priority is incontestable. 
It is asserted that he would sooner have 
communicated his invention to the world 
but for the fact that a friend turned the 
knowledge to account by touching needles 
for compasses. Canton’s other experiments 
led him to successful investigations of phos- 
phorescent substances, and to a demon- 
stration of the compressibility of water, in 
disproof of the commonly accepted teaching 
of the Florentines. Canton, who, to the end 
was an industrious schoolmaster, did all his 
research and experimental work in his 
leisure. He died in London on March 22, 
1772, having greatly advanced electrical 
knowledge by his labours. 

EDMUND CARTWRIGHT 

The Man who Revolutionised an Industry 

Edmund Cartwright was born at Marn- 
ham, Nottinghamshire, on April 24. 1743, 
and educated at Wakefield Grammar School 
and at University College, Oxford. The man 
who was to revolutionise cotton manufacture 
in England by adapting machinery to 
weaving was a country parson, chaplain to 
a couple of noblemen, and, for a while, a 
private tutor. To the outside world he was 
a poet, and brother of Major John Cart- 
wright (1740-1824), a courageous reformer 
who dared to declare his country wrong in 
her quarrel with America, and who fought 
and suffered for the political freedom of his 
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generation. To Lord John Russell, to whom 
for some time he acted as tutor, Cartwright 
was poet first, inventor afterwards. Writing 
in 1822?, a year before the death of the 
inventor, the statesman recalls that it was 
from Cartwright that he acquired a taste 
for Latin poetry. He refers to him as a man 
of much learning and mechanical ingenuity, 
“ who invented a machine for carding wool, 
and a model of a bo«it which was moved by 
clockwork, and acted on the water by a 
paddle underneath.” But Russell said not 
a word of the power-loom which was yearly 
adding millions to the national wealth. 

Cartwright may be considered, as an 
inventor, the son of Arkwright. He himself 
has left an interesting narrative of the 
manner in which he was led to take up the 
subject. Hearing it said by a Manchester 
man that Arkwright’s invention would lead 
to the spinning of so much cotton that there 
would not be men enough to weave it, 
Cartwright suggested a weaving-machine. 
“ Impossible ! ” said the other. Cartwright 
replied that, having recently seen an auto- 
maton playing chess in London, he was 
convinced that it was not more difficult to 
make a machine which should weave than 
one that effected all the variety of moves 
required in the complicated game of chess. 

When he began his work, he had had no 
practical experience of weaving, and indeed 
never actually witnessed the process of 
hand-loom weaving until he had completed 
his machine. We have a pleasant picture 
of the parson turned inventor, of his pac- 
ing about his garden, deep in thought, 
swinging his arms to and fro as he worried 
out the problem of weaving. 

His first machine was a remarkable con- 
trivance for an initial venture, though, as he 
himself shows, it was hopelessly primitive. 
“ The warp was luid perpendicularly, the 
reed fell with a force of at least half a 
hundredweight, and the springs which threw 
the shuttle were strong enough to have 
thrown a Congreve rocket. In short, it 
required the strength of two powerful men 
to work the machine, at a slow rate, and only 
.for a short time.” Having completed his 
own machine, he went now to see how men 
really wove, realised his shortcomings, then 
set to work on a new and improved machine, 
which he patented in August, 1787, a little 
more than two years after his first invention. 

Finding manufacturing opinion against 
his loom. he. like Arkwright, established 
a factory lor himself at Doncaster, for 
spinning and weaving, where, after working 
on a limited scale, he installed a steam- 
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engine. His success brought him an order 
from a Manchester firm for four hundred 
of his machines, but the mill in which they 
were set up was burned to the ground. 
The “ no machinery ” fever was at its height , 
and the disaster at Manchester is supposed 
to have been the outcome of the movement . 

Cartwright next turned his attention fi> 
the woollen industry, and invented a 
wool-combing machine which substituted 
mechanical for manual action, greatly 
increased the output of work, and lessened 
the cost of labour Here again he was met 
by the fanatical opposition of the workmen, 
and fifty thousand of them petitioned 
Parliament to forbid the use of the inven- 
tion. Parliament declined to interfere, and 
in 1800, when the patent had nearly run 
out, acceded to his petition for a renewal 
in order to recoup him for his losses in 
connection with this and the power-loom. 
His losses, indeed, amounted to some 
£30,000, and he was compelled to surreiulu 
his Doncaster factory to his creditors. 

He continued with unabated ardour to 
work at his inventions, producing steam- 
engine improvements, better agricultural 
implements, and rope-making machinery, 
while at the same time devoting consider- 
able attention to farming in its scientific 
aspects. It was not until 1804, when his 
patent for the power-loom expired, that the 
invention was permitted to show a profit. 
Then, however, he found that Lancashire 
manufacturers were growing rich upon the 
product of his brain, and for once in his life 
he expressed himself indignantly upon the 
subject. The upshot was that the Man- 
chester men who were benefited by his 
invention asked the Government to reward 
the inventor. The outcome was a grant of 
£10,000. This, though but a small return 
for the losses that, he had incurred in making 
a rich nation richer, kept Cartwright in 
comfort to the end of his days. To the last 
he invented and wrote poetry. He died at 
Hastings on October 30, 1823. 

ANDERS CELSIUS 

The Man who Invented the Thermometer Used 
by Science 

Anders Celsius was born at Upsala, 
Sweden, on November 27, 1701. Grandson 
of a noted Swedish astronomer, and nephew 
of a professor of theology, Celsius at nine- 
and-twenty became professor of astronomy 
at the university of his native town. Upsala 
at this time lacked an observatory, and 
Celsius, two years after appointment to his 
Chair, undertook a tour of inspection of the 
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:hief European observatories. In the fol- 
lowing year he published a striking series 
,1 observations of the aurora borealis, the 
fruit of his own labour and that of others 
luring the preceding sixteen years. He was 
temporarily released from his professorial 
luties in order that he might, upon his own 
suggestion, extend his travels to Lapland, 
uid there, with a scientific party, measure 
in arc of the meridian. Four years later 
the admirable observatory of Upsala was 
reeled, embodying all the suggestions 
which his experiences of similar institutions 
in Paris, Rome, and Nuremberg had enabled 
him to make. 

It was while he still directed the astro- 
nomical studies of the Upsala University 
that he constructed and exhibited the 
Centigrade thermometer, which has since 
become generally famous. It differs from 
the Fahrenheit thermometer, commonly 
ised in England and America, by rating the 
Ireezing-point as zero, lower temperatures 
being minus, while the boiling-point is 
100. Fahrenheit’s instrument, of course, 
<ives 32 as freezing-point, and 212 as 
boiling-point. The Centigrade scale is 
mainly employed for scientific purposes. 

The thermometer of Fahrenheit is pre- 
ferred for ordinary purposes as being 
ampler, from the fact that its degree is 
anallcr, reading to tenths. That is to say, 
1 tenth of a division of the Fahrenheit scale 
Kis to be read as roughly a half-tenth on the 
Centigrade ; and even then the difference is 
lot clearly indicated, for 9 degrees of 
Fahrenheit represent 5 degrees of Centi- 
grade ; while a third thermometer, the 
Reamur, shows only 4 degrees for 9 degrees 
>f the Fahrenheit scale. 

Nearly a century ago Croker made per- 
istent efforts to secure the adoption of one 
ommon thermometric scale. Other means 
>f gaining his end failing, he sought to get 
lie question discussed J>y the delegates to 
lie famous Congress of Vienna. He believed 
hat he would have succeeded but for an 
mlooked-for event : Napoleon escaped 
roin Elba, and, upon touching the soil of 
he mainland, declared “The Congress is 
lissolved.” So we still have our three 
■cales. Celsius, who wrote several important 
vorks on astronomy, died at his native 
own, Upsala, on April 25, 1744. 

SIR WILLIAM COOKE 
r oint Inventor of the Electric Telegraph System 

William Fothergill Cooke was born at 
waling, Middlesex, in 1806. Educated in 
Durham and at Edinburgh University, he 


entered the Indian army at twenty, served 
five years in the Dependency ; then, intend- 
ing to follow his father, who was a doctor, 
underwent a course of study in Paris and 
Heidelberg. This was an important and 
profitable period of his career, for he was 
enabled to master the details of all the 
attempts which had up to that time been 
made to render electric telegraphy a prac- 
tical means of communication. Professor 
Muncke, under whom he studied at Heidel- 
berg, had traced developments step by step, 
and succeeded at once in interesting Cooke 
in his studies of the subject. 

Cooke’s was not a creative genius, but he 
was intensely practical. He saw at once 
that a marvellous toy of the laboratory 
might be. turned to account, among other 
purposes, for railway signalling, which was 
then chaotic to a degree inconceivable today. 
The engine-driver advertised his approach 
at night by a light in front of his engine ; 
while another, affixed to the last coach, 
warned off attacks from rearward. He 
got hand-signals by day, from flags or 
semaphores ; lamps guided him at night, 
or a lighted candle, stuck in the window of 
the station-master’s house, bade him stop ; 
while a darkened window signified “ All 
clear.” News of the birth of the future 
Edward VII. was carried through the Mid- 
lands by special engine, and given out at 
successive stations by the driver. Cooke saw 
that he could alter all this. 

While Cooke was thinking out plans for 
applying electric telegraphy, and nego- 
tiating with railway companies, Wheat- 
stone was quietly working in England 
at the task of perfecting an instrument. It 
was the good fortune of the two men to be 
brought together by Faraday. Cooke had 
a method of his own, crude and impractical 
as it proved, a modification of that of Baron 
Schilling, who had devised a scheme for 
the use of five wires and two needles. 
Wheatstone was able to effect important 
modifications ; and the two men, entering 
into partnership in May, 1837, t°°k out 
their first patent in the following month. 
The first plan necessitated the use of five 
wires and as many needles, and was aban- 
doned as hopelessly costly. Next they tried 
only two needles, and then only two wires, 
and this method was in operation in 1840. 
Five years later they produced their single- 
needle apparatus. 

That same year a man named Tawell 
committed a murder at Salthill, and 
escaped from Slough to London. News 
of his flight was wired from Slough to 
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Paddington ; Tawcll was arrested, tried, 
and hanged. And people travelling along 
the line used afterwards to point to the 
telegraph wires and say : “ Them’s the 

('ords that hung John Tawell ! ” Just as 
the arrest of Crippen in our own day, 
effected through a description sent by 
wireless to the ship by which he was fleeing, 
for the first time really brought home to the 
mind of the world the enormous potentiali- 
ties of the new science, so the apprehension of 
John Tawell, the Quaker murderer, in 1845, 
made men understand that with the tele- 
graph a new force; had come into the world. 

From the railways to the general purposes 
of everyday life the telegraph soon spread. 
The two partners quarrelled as to which had 
had the greater share in inventing the single- 
needle instrument; and the verdict of history 
is that Wheatstone was right when In 1 said 
that ho could not so soon have succeeded 
without the help of Cooke, but that, without 
him, Cooke never could have succeeded at 
all. Cooke was the great organiser of the 
scheme, the practical man of business; 
Wheatstone’s was the originating mind, in 
so far as the science of the undertaking went. 
But Cooke did great work for telegraphy. 

Tn its earliest stages he nearly compassed 
the thing that we are now seeking to achieve ; 
he tried to put his wires underground. He 
laid them in pipes and insulated them in 
pitch. But the pitch cracked, the current 
leapt from win* to wire, and lie was driven 
to suspend his wires on poles. Had he been 
able to command a supply of gutta-percha 
as an insulator, there would not have been 
a t (degraph or telephone wire up in the air 
today, and we should not have been periodi- 
cally isolated lrom Scotland and other parts 
ol the land when gale or snowstorm rages. 

, When, in 184.5, the partnership between 
Cooke and Wheatstone was dissolved, 
Cooke took over the patent rights, with a 
royalty reserved to the other. Later, when 
the Klcctro-Tolegraph Company was formed, 

/, 120,000. was paid lor the Cooke- Wheatstone 
patents. The business side of the under- 
taking was managed with considerable skill 
by Cooke, but he achieved no invention of 
importance after parting from Wheatstone. 
An application by Cooke for the extension 
of his patent rights on the ground of insuf- 
ficient remuneration during the validity of 
the patent was rejected by the Privy Council. 
The Albert gold medal was awarded on 
equal terms to both men, and both in turn 
were knighted, while towards the close of 
his life Cooke was awarded a pension. He 
died at Farnlmm on June 25, 1879. 
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SAMUEL CROMPTON 

The Man who Gave the Public the Spinning-Mule 

Samuel Crompton was born at Firwood, 
near Bolton, on December 3, 1753. His 
father combined farming in a very small wav 
with yarn-spinning, and, with his wife, 
occupied, in the capacity of caretaker, an 
old family mansion known as Halt-i’-th’ 
Wood. Crompton the elder died when thr 
boy was live years old, but Robert’s mother, 
though stern and harsh, looked to the boyV 
gaining full advantage from a day-school, 
where he was better grounded in elementary 
studies than the general run of lads of his 
standing. Crompton had to devote all his 
leisure to the spinning of yam for quilting; 
and the inadequate jenny which he had to 
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work was a constant source ot trouble, 
causing him to revolve in his mind schemes 
for making a better machine for his own 
service. Of an ingenious turn of mind, he 
made a violin, and, teaching himself to play, 
derived from this source his only solace. 
That fiddle produced great results. 

Crompton played sufficiently well upon 
it to gain an engagement in the orchestra 
of a theatre at Bolton, where he earned 
eighteenpence per night. With these 
eighteenpences he bought tools and material 
for the new machine which should enable 
ipore easily to spin yarn for himself- 
Working during the day at his spinning, 
playing his fiddle at night at the theatre, 
he toiled in secret at his home when others 
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were sleeping. For live years this went on, 
without aid, advice, or sympathy. At first, 
when dim lights were seen glimmering from 
the upper windows of the old mansion, and 
grange sounds were heard to issue, people in 
the neighbourhood declared that the ancient 
Hall-i’-th’-Wood was haunted ; . but when 
they heard that lights and noises were 
associated with the labours of a young man 
who toiled far into the night with bits of 
wood and wire, they decided that Crompton 
was a conjurer, and by that style he became 
known. But Crompton had good reasons 
lor keeping his experiments secret. 

The “ men, not machinery ” cry was 
running through the land, and machine- 
wreckers were abroad. Repeatedly the 
young inventor had reason to believe 
himself in danger. He cut a hole through 
the ceiling of the room in which he worked, 
so gaining a hiding-place for his model in 
the room above; and when trouble was 
brewing in the neighbourhood he would 
take his machine to pieces and hide its 
members in this secret fastness. At last, 
after five years of arduous toil, he found 
himself penniless, but with a practicable 
machine. It became known as the muslin 
wheel, or the Hall-i’-th’-Wood wheel, but 
he, recognising it as a cross between 
the inventions of Arkwright and Hargreaves, 
called it the mule. The important feature of 
the machine was a contrivance evolved 
entirely by Crompton during his long vigils. 

Tlie great and important invention of 
Crompton, says his biographer, was his 
spindle-carriage, and the. principle of the 
thread having no strain upon it until it was 
completed. The carriage with the spindles 
could, by a movement of the hand and knee, 
recede just as the rollers delivered the 
elongated thread in a soft state, so that it 
would allow of a considerable stretch before 
the thread had to encounter the stress of 
winding on to the spindle. This was the 
particular merit of his invention. The 
product of this machine was infinitely 
liner than that yielded by the machines of 
Arkwright and Hargreaves. 

Knowing that his work was well and 
truly done, Crompton felt that fortune lay 
ahead, so married a young woman of goocl 
hut impoverished family, because she was an 
expert hand-spinner, and competent to help 
him with the spinning by his machine. 
The poor inventor had no money wherewith 
to patent his invention ; and though he had 
here a machine which was of incalculable 
value to the world, he had to try and work 
it in secret, and cterive compensation simply 


from the prices realised bv the splendid 
quality of his yarn. But spies gathered 
about his home, determined to wrest from 
him the secret of his success. Arkwright 
is said to have been guilty of this ignoble 
prying. Crompton’s description of his plight 
after the first few months is pathetic : 
“ 1 was reduced to the cruel necessity 
either of destroying my machine altogether, 
or giving it to the public. To destroy it 
1 could not think of ; to have to give up 
that for which 1 had laboured so long was 
cruel. I had no patent, nor the means of 
purchasing one. In preference to destroying 
it, I gave it to the public.” 

In taking this step, he acted upon the 
advice of a Bolton manufacturer who, not 
disinterestedly, counselled him to make the 
machine known, and induced eighty firms 
to promise the inventor a guinea apiece for 
the secret. All told, Crompton actually 
realised sixty guineas, and for that gave 
up his model. As soon as the secret was 
out, money ceased to reach the inventor. 
The mule was everywhere installed, and 
great fortunes accrued from it to all but 
the man who had given live of the best 
years of his life to its creation. 

With this small sum, Crompton rented a 
little farm near Bolton, where he continued 
spinning. lie took certain hands into his 
service, but soon tired of this, as he 
preferred to rely upon the labour of his 
own family, rather than that of people 
who, as soon as he had taught them, were 
seduced from his service. In a lit of gloom 
at his lack of success, he smashed his own 
machines as well as a new carding-machinc 
that lie had invented. ‘‘They shall not 
have these as well,” he said bitterly. 

A great trade in muslins sprang up from 
the. use of Crompton’s mule, and a 
“ conscience monev ” subscription was 
raised, from which he received four or 
five hundred pounds. Too proud to serve 
men who were reaping rich harvests from 
the creation of his brain, Crompton struggled 
on until the Government made its £io,ooo 
grant to Cartwright, inventor of the 
power-loom. Then he bestirred himself 
with a view to gaining recognition. He set 
out to investigate, and found that whereas 
156,000 spindles were used on the Hargreaves 
jenny, and 311,000 on Arkwright’s machine, 
over million were used on his mule. 

His travels took him to Glasgow, where 
an important trade in muslin had arisen 
from his invention, but, though invited to a 
public dinner in his honour, he could not 
face it. “ I first hid myself,” he says, 
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“ and then fairly bolted from the city.” 
He did, however, present a claim to the 
Government, and was in 1812 awarded a 
beggarly £5000. With this he engaged 
unsuccessfully in cotton manufacture. 
Three years before his death the manu- 
facturers of Bolton raised a subscription, 
out of which they bought him an annuity 
of £63. This national benefactor died at 
Bolton on June 26, 1827. 

LOUIS JACQUES DAGUERRE 
A Successful Pioneer of Photography 

Louis Jacques Mandc Daguerre was 
born at Cormcilles, near Lisicux, France, 
in 1789. First engaged as officer of the 
inland revenue, Daguerre turned to art, 
and distinguished himself as a scene-painter 
for the opera, afterwards undertaking, in 
company with another artist, the painting 
of panoramic views of famous scenes and 
cities. He next “ invented ” the diorama, 
a form of entertainment which, up to a 
few years ago, occupied in the affections of 
children and provincial audiences the place 
now commanded by the cinematograph. 
It was while working out his admirable 
effects of light and shade for these pictures, 
effects gained very largely from studies in 
(he camera obscura, that Daguerre prepared 
the way for his later studies in photography. 

‘‘ Daguerrotype ” is an almost unknown 
name to the present generation, but it 
preserves for us the title of the lirst photo- 
graphs that ever existed ; and there lives 
today, in Lord Avebury, the first person 
in England to have his portrait taken by 
the process Lord Avebury was a child 
of live when Daguerre, bringing his diorama 
to London, visited the Lubbock household, 
and, seeing the future naturalist playing on 
the lawn, snapshotted him. But many 
years of study by many men had gone to 
the making of that picture. 

The papers of Leonardo da Vinci suggest 
that his “ preternatural knowledge ” 
embraced the principles of photography ; 
and, in a later day, Wedgwood, Davy, and 
Watt had toiled with heavv hearts at 
experiments on the action of light upon 
nitrate of silver. Indeed, there exists at the 
South Kensington Museum an old silvered 
copper plate bearing upon it a representa- 
tion of the famous Soho Works of Boulton 
and W r att. The plate was discovered among 
some lumber of Boulton's, nearly seventy 
years alter his death ; and there is a record 
of a “ sort of photograph ” that Watt 
used to take in a dark room— probably a 
camera obscura ; while a letter is said" to 
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have been written by Sir William Beechev 
to the Lunar Society — which Boulton 
founded — begging that these experiments 
in photography might cease, lest the art of 
the portrait-painter should perish. But 
the profit of the invention fell to Daguerre, 
who was not the sole inventor. 

While he was groping towards something 
in the nature of photography, two brothers 
named Niepce, men of modest means, were 
quietly working at the problem on their 
small estate at Chalons — working there at 
things untried before, to the wonder of 
the yokels, who used to look into the little- 
workshop and jeer, as, in a later day, other 
yokels were to look into a Dayton workshop 
and jeer at the two brothers who were 
mastering the problem of mechanical flight. 
One of the brothers, Joseph Nicephore 
Niepce, from experiments in lithography 
proceeded to engraving upon metal plates, 
and from that to imprinting images by 
sunlight. It was haphazard work. He 
drew a bow at a venture, and sought to 
advance from the point at which his arrow 
fell ; and while all the rest of France was 
asking — for it was 1814 — 44 Will tomorrow’s 
sun shine upon the triumph or the enslave- 
ment of our country ? ” Niepce was asking, 

1 4 Will tomorrow’s sun produce any effect upon 
the process that I discovered yesterday ? ” 

By some happy chance, Niepce and 
Daguerre learned that they were on the 
track of the same discovery. Niepce had 
prepared the way; Daguerre went in and 
completed the work, in 1824 Niepce had 
reached this point : he could fix an image 
by employing bitumen and oil of lavender 
spread upon a copper plate silvered over. 
But the plate took ten hours to receive the 
impression! Daguerre and Niepce met. 
entered into a partnership, and Daguerre 
carried on the invention from the point 
to which Niepce had brought it. Niepce 
died before success was finally achieved. 

“ without glory, forgotten by his fellow- 
citizens, with the bitter thought present 
in his dying hours of Having consumed 
twenty years of his career, dissipated his 
patrimony, and compromised the future of < 
his family in the pursuit of an idea.” 

Left alone, Daguerre proceeded rapidly 
with the work, and, by a discovery 
remarkable and romantic in its way as that 
which later led to the revelation of thr 
X-rays, made photography practicable. 
Plates which had been insufficiently exposed 
to the light were placed in a closet when 
chemicals were stored, the plates thrown 
away as useless, because no image had 
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appeared. Later, Daguerre chanced to 
j,!ok afresh at the discarded plates, and 
lound — pictures. He realised at once that 
the result was due to chemicals, and, putting 
in similar plates, he withdrew the chemicals 
one by one until he found that the effect 
was due to an open dish of mercury, which 
-rives off vapour at an even temperature. 

This was the cardinal point in Daguerre’s 
discoveries, a marvellous accident, turned 
swiftly and skilfully to account. It made 
photography immediately possible, and the 
rest of his work served but to better the 
results gained from this chance discovery. 
He gave his own name to the photographs 
produced by this method, and. so far as 
public acknowledgment went, ignored the 
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^liarc which his dead partner had had in 
leading him towards his goal. However, 
when compelled to make public his dis- 
covery, Daguerre received a pension of 
hooo francs ; the work of Niepce also was 
remembered, and his heir was awarded an 
annuity of 4000 francs. Daguerre died 
* near Paris on July 12, 1851, by which time 
photography had spread into all civilised 
lands, and had improved almost beyond 
identification with his process. 

GOTTLIEB DAIMLER 
The German who Made the First Motor-Car 

Gottlieb Daimler, the father of the 
motor-car, was born at Schorndorf, Wiir- 
temberg, in 1834, an ^ from his youth up 
was an ardent .student of practical engin- 


eering methods. Determined to gain the 
best experience possible, he quitted Germany 
for England, and secured employment with 
Sir Joseph Whitworth and other noted 
engineers. He extended his practical know- 
ledge by varied work in German machine- 
shops, and at thirty-six years of age joined 
Dr. Otto, and assisted him to produce the 
famous Otto gas-engine. For a dozen years 
he remained with Otto, and in that time 
became a director of the firm. Then there 
occurred to Daimler the brilliant idea of 
adapting the Otto internal-combustion 
engine to the propulsion of road vehicles. 

The then existing internal-combustion 
engines were substantial, and slow-running, 
making a maximum of but 250 revolutions 
per minute. Daimler decided that he could 
greatly accelerate the speed. Engineering 
opinion was against him. The engine would 
not stand up ; it would over-heat, and 
destroy itself. But Daimler did that which 
so many other inventors have had to do — 
he made the engine which was said to be 
impossible. He constructed a small, light 
engine, of from three to four times the 
maximum speed of the Otto. It was a 
success, and he applied it, in 1886, to a 
bicycle, and ran it, with supreme joy, for 
three years, when he built a second engine, 
which gave him double the power and 
smoother running. 

It was this second engine that the French 
pioneers acquired, and from it all other 
petrol-driven cars are descended. Levassor’s 
ingenious mind devised the system by which 
power is still transmitted to the road- wheels, 
but the engine was the creation of this 
ingenious German. Daimler died in 1900, 
when motor-cars, though common on the 
Continent and in America, were still little 
known in England. Hence, although his 
name is perpetuated here by one of the 
finest makes of cars, he is merely a name to a 
majority of the vast number of Englishmen 
who motor. Some day he will take his 
proper place among the great pioneers of 
inventions which have revolutionised the 
world. For the internal-combustion engine 
has given us not only motor-cars and 
motor-cycles, but aeroplanes, airships, 
motor-boats, and the means of propelling 
the modem sea-going submarine. 

WARREN DE LA RUE 
The Man who T00K the First Sun Photograph 

Warren de la Rue was born in Guernsey 
on January 15, 1815, and after being edu- 
cated in Paris entered the firm of his father, 
Thomas de la Rue, who was established in 
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London as the foremost of artistic printers 
and stationers of the period. The elder 
L)e la Rue was a man of considerable inven- 
tive faculties, but he was eclipsed by his 
more talented son. That son, who became 
chief partner in the firm, is an excellent 
example of the successful business man who 
while at the head of a commercial enterprise 
finds time to carry out research work in 
science of first-rate importance. While 
toying with chemistry and physics he was 
creating practically new industries in con- 
nection with his business, by bringing 
electrotyping to commercial success, by 
inventing machinery for the manufacture of 
stationery, and so forth. 

The results of much patient labour were 
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privately published for the benefit of 
learned societies with which lie was asso- 
ciated, and his association with Wilhelm 
Hofmann Ic'd him into fields in which vSir 
William Perkin was destined deservedly to 
reap the harvest of synthetic dyes. While 
I)e la Rue was Hitting trom flower to flower 
in his garden of science, James Nasmyth 
laid hands upon him, and turned his atten- 
tion to the heavens. Do. la Rue took up 
astronomy with infinite zest, built himself 
an admirable little observatory, made him- 
self a thirl eon- inch reflecting Hescopc, 
and, having seen a daguerrotype of the 
moon, {uriied to celestial photography. 

Taking advantage of every new photo- 
gtaphic process as the art developed, he not 
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only furnished his generation with a superb 
series of photographs of the moon, but 
invented an instrument, known as the 
photo-heliograph, by which the long series 
of sun-photographs now in existence was 
begun. He threw new light upon knowledge 
as to the moon, and also upon the nature ot 
sunspots, and from his expedition to view 
the eclipse in i860 was able to demonstrate 
that the red flames, or prominences, ob- 
served during eclipse belong not to the 
moon but to the sun. High praise is ac 
corded to De la Rue by Sir Norman Lockycr, 
who has since made the study of sunspots 
his own, and has had thousands of photo- 
graphs of the sun taken, not only in England, 
but in India and elsewhere. As he says, the 
undertaking may seem a little futile to the 
mail in the street, but its utility will be- 
come apparent if the work results in our 
being able to predict famine years in India 
or Egypt, and, warned betimes, take steps 
to guard against the calamity. 

To De la Rue belongs much credit loi 
inaugurating this work. The strenuous 
character of his labours, extending over 
many wars, at last compelled him to give 
up astronomy. He turned again with 
avidity to chemistry and electricity, and his 
researches and experiments upon the electric 
discharge through gases yielded data whirl) 
cannot have been without profit to the men 
who, coming later, have wrought miracles 
with the Crookes tube. De la Rue, who gave 
as ungrudgingly of his fortune as of his time 
and energy to the promotion of knowledge, 
heldmany distinguished positions in the scien- 
tific world, and continued to take an active 
share in his business, with a slight break, until 
1880 He died in London on April iy, 1889. 

RUDOLPH DIESEL 
Inventor of a New Oil-Engine 

Rudolph Diesel, the inventor of the 
famous engine that has made motor-ships 
possible, was born, of German parents, in 
Laris, on March 18, 1858. He studied in 
the French capital until the outbreak ot 
the Franco-German War led his parents to 
migrate to England. Instead of accompany- 
ing them, the twelve-year-old boy was sent 
to school at Augsburg, in South Germany. 
The remarkably brilliant way in which In 
passed his examinations, and did his work, 
attracted the notice of Professor von Linde, 
who induced him to choose, as his principal 
study, the new science of thermo-dynamics 
that deals with the relations between heat 
and work. Here the young student so dis- 
tinguished himself that in 1879 Linde tool: 
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him as an assistant. The master was then 
engaged upon his now well-known plant for 
producing extreme degrees of coldness, by 
n leans of which liquid air is now obtained 
;it the price of one-and-ninepence a litre. 

Diesel took % sl practical part in the 
development of' Linde’s refrigerating ma- 
t liinery, and this broadened his knowledge 
and quickened in him the desire for prac- 
tical experience in engineering. So he 
entered the machine-shop of Sulzer Bros., 
in Winterthur, Switzerland, and worked 
there for a short time. He was then placed 
at the head of the French company for con- 
structing Linde’s refrigerators in Paris. 

To a young man with his special know- 
ledge the position was an easy one, but his 
life in Paris was one of fierce and incessant 
labour. While a student he had taken up 
the study of the steam-engine, in the hope 
of finding some way of increasing the out- 
put of work obtained from a given quantity 
o| fuel. Sadi Carnot, . the founder of 
thermo-dynamics, had clearly pointed out 
the deficiencies of the modern prime mover, 
and contrasted it with a perfect engine 
that would give out in work all the energy 
of heat supplied to it. This was, of course, 
an impossible standard of perfection, but, 
on brooding over it as a student at Augs- 
burg, Diesel had formed the plan of de- 
voting his life to finding a prime mover 
with a much higher heat-efficiency than 
the steam-engine possessed. A!1 his leisure 
time was given up to researches and cal- 
culations and drawings of the engine of his 
dreams. It was not until 1893 that he 
Miccceded in working out his ideas to his 
own satisfaction. Even then he was in the 
unfortunate position of not having suffi- 
cient money to build the new engine he had 
designed. But in the hope of exciting the 
attention of the engineering world he 
published a pamphlet on “ The Theory 
and Construction of a Rational Heat- 
Motor.” This had the happy effect of 
provoking a discussion in Germany; and 
Friedrich Krupp, the famous cannon- 
maker, and H. Butz, the chairman of the 
Augsburg Machine Works, became in- 
terested in the ideas of the young inventor, 
dliey placed at his disposal the means for 
a practical development of the new engine, 
mid Diesel built an experimental model, 
and at last got it to work as he wished. 
On June if), 1897, he read a paper before 
the National Society of Engineers of Ger- 
many, in which he described a twenty, 
horse-power oil-engine of a new kind that 
r() uld be seen working at Augsburg. 
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Among those struck by the achievement 
of the young scientific engineer was Lord 
Kelvin, and on his advice a Scottish firm 
of engine-makers acquired the right to build 
a Diesel engine. This was done as quickly 
as possible, and the oil motor is still working 
very well. The latest Diesel engines are now 
being designed to work with tar as well as 
with the cheapest residue oils, and Dr. 
Diesel himself believes that the tar-engine 
will become of great importance in Eng- 
land and other countries where large 
quantities of tar are obtained as a by- 
product from coal-gas. The chief difference 
between his engine and the ordinary petrol 
or alcohol engine is that the vapourised 
fuel is not exploded in order to produce the 
working energy. It is merely burnt. More- 
over, no ignition device is necessary. 

Combustion is obtained by admitting 
a charge of air into the cjdinder, and then 
compressing it with the return stroke of 
the piston until it becomes very hot. So 
hot does it become that it sets" alight the 
charge of vapourised oil or tar which is next 
injected into the cylinder by an automatic 
pump. At present the pumps and other 
fittings tend to make the Diesel engine 
expensive in smaller sizes for marine pur- 
poses. But there are now several big motor- 
ships which are driven very economically 
by the new prime mover, and it is generally 
expected that Diesel engines will be largely 
used in warships and passenger and 
cargo boats. The saving of space in doing 
away with the coal-bunkers is one of the 
main factors of advantage which the Diesel 
engine possesses over the steam-engine for 
marine work. On land, the higher efficiency 
of the new motor is making it one of the 
most popular of prime movers ; and if the 
price of tar and heavy oils does not mount 
too high, it may be able to compete with 
gas-engines and producer-gas engines on 
favourable tern^|. Dr. Diesel is at present 
engaged in designing a small and eco- 
nomical type of his motor for use in places 
where only a little power is required. 

JOHN DOLLOND 

The Strange Story of the Refracting Telescope 

John Dollond was born in London on 
June 10, 1706. He was of Huguenot 
stock, his parents having fled from Nor- 
mandy in 1685, on the Revocation of the 
Edict of Nantes, and, along with many 
other refugees, established themselves as 
silk- weavers in Spitalfields. Dollond, left 
fatherless at the age of five, had early to 
apply himself to the loom, but studied 
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industriously in moments stolen from his 
labours, and made considerable progress in 
languages, in mathematics, optics, and 
astronomy. He married early ; and though 
he set up in business for himself, the needs 
of an increasing family necessitated his 
devoting himself with still greater as- 
siduity to his profession. Yet he managed 
to pursue his studies at night, and, as his 
son Peter grew up, led him by the educa- 
tional ladder which lie himself had followed. 
The upshot was that Peter Dollond, on at- 
taining manhood, relinquished the family 
business, and set up as an optician. 

John Dollond carried on the weaving 
business for some years, but ultimately 
threw in his lot with his son, and rapidly 
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acquired proficiency in his new calling, for 
which, indeed, his long course of study had 
well equipped him. It is a curious co- 
incidence that, whereas Newton had for 


seven years to desist from his mighty specu- 
lations until he could get an approximately 
accurate estimate of the earth’s dimensions, 
so, through an inaccurate speculation of his 
own, he seriously retarded the creation of a 
successful refracting telescope. Newton’s 
experiments led him to believe that the object 
seen through the refracting telescope must 
always be confused in outline, owing to such 
object being surrounded by a rim of pris- 
matic colours. Reasoning from the “ Eighth 
Experiment ” described in his “ Opticks ” 
his conclusion was that the defect dis- 
covered was inlmient in refracting glasses 
and that the confusion of outline by pris- 
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matic colours was inevitable. It is prob- 
able that Dollond would never have been 
led to his immortal achievement had not 
this law of Newton been assailed by 
Euler. The. latter, after years of experi- 
ment, published a short paper in th e 
“ Berlin Memoirs " enunciating the view 
that, proceeding upon a certain law as to 
the relation between the refractive and 
dispersive powers of glass, a lens could be 
made which would correct colour aberration. 
Dollond, a devout Newtonian, was shocked 
that the authority of the great man should 
be challenged. It seemed to him presump 
tion that, Newton having once gone over 
the ground, any other mortal should now, 
as he said in a paper published in answer to 
Euler, “ attempt to do that which so long 
ago has been proved impossible.’ 1 Strange 
words from the very man who was to prove 
the “ impossible ” practicable. 

In 1754. Klingenstierna, an eminent 
Swede, showed that the Newtonian principle 
was, in extreme cases, incompatible with 
the phenomena, and could not, therefore, 
be accepted as an irrefragable law of 
Nature. The contentions of the three men 
aroused the attention of scientific Europe. 
Neither Euler nor Klingenstierna could 
reduce his theories to practice, and the 
world waited for a refracting telescope, 
because Newton, on the strength of the 
“ Eighth Experiment,” had so long before 
said that a perfect one could not be made. 
The faithful Dollond set himself, therefore, 
not to make the “ impossible ” telescope, 
but to confirm his great master's dictum. 
And the result was that he did make the 
impossible telescope ! 

By using a hollow prism, filled with 
water, in conjunction with an ordinary 
glass prism, he succeeded, by nice adjust- 
ment as to refracting angles, in abolishing 
the prismatic ring of distorting colours. 
The refracting telescope was at the disposal 
of the world. Later experiments enabled 
him to dispense with the water prism, and, 
by employing crown glass and flint glass of 
different dispersive powers, to perfect his 
instrument. He effected many other im- 
portant improvements in relation to 
telescopic and other lenses, but the cliiH 
work of his life was his achromatic, or 
colourless, telescope, which, as it were, gave 
men a new sense. Dollond’s son Peter, 
famous in his own right as an optician, 
reaped the profits of his father’s invention, 
but not without a legal contest. 

Suing one who had infringed his patent 
right, he was staggered to learn that his 



GROUP 4-TRANSFORMERS OF KNOWLEDGE INTO POWER 


father’s invention had been anticipated by 
thirty years I Chester More Hall, of More 
Hall. Essex, ignorant of the controversy 
Ihat was stirring scientific Europe, had 
quietly made an achromatic telescope as a 
•^irntific toy. He was not a party to the 
litigation, but the defendant brought out 
the facts, which were beyond dispute. 
Happily, Lord Mansfield held that “ it is 
not the person who locks up an invention 
in his escritoire that ought to profit by a 
patent for such an invention, but he who 
brought it forth for the benefit of the 
public; ” and Dollond, he held, was legally 
the inventor. Dollond, who during his clos- 
ing years enjoyed prosperity and honours, 
died in London on November 30, 1761. 

JOSEPH EMERSON DOWSON 
Inventor of the Cheapest Coal-Gas 

Joseph Emerson Dowson, the inventor of 
Dowson gas, was born in London, September 
.>(), 1844, and educated in France and at 
Dulwich College. It occurred to him in 
1S79, when gas-engines were coming 
largely into use, that these engines might be 
used with a very cheap gas, if a suitable 
generating plant could be devised. For 
many years furnaces had been fired by gas 
instead of a coal fire ; the gas was made 
on flic* spot in a producer plant, and sent 
straight into the furnace. In this case there 
was no need to cool and clean the gas and 
tree it from tarry vapours. But for engine 



MODEL OF THE DOWSON GAS PLANT 

work it was essential to wash the gas and 
condense the tar, and still leave it strong 
enough to fire well and give good results in 
the. engine. So Mr. Dowson first enriched 
his gas with oxygen by injecting steam into 
a furnace as well as air, and in this way he 
obtained a strong gas which passed through 
il washer and a condenser on its way to the 
cylinder of the gas-engine. Having made a 


suitable plant, in 1879 he tried a small 
Otto engine with it, with admirable results. 

Some years afterwards a French engineer 
tried to improve upon the Dowson gas-pro- 
ducer*plant, but failed. Mr. Dowson then 
took the matter up, and succeeded in con- 
str ucting a more simple gas-generator for 
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working with the gas-engine. This was the 
famous suction plant, in which the suction 
stroke of the engine creates a draught in the 
gas-generator sufficient to produce just the 
quantity of gas the engine needs lor each 
working stroke. No gas-holder is necessary, 
and no fan for blowing in the steam and air. 
The steam is generally a by-product formed 
out of the water used in cooling the gener- 
ating furnace. The Dowson plant and its 
various successors represent the most im- 
portant advance in the production of 
working power since the invention of the 
modern steam-engine by Watt. The com- 
bined mechanism of a producer and a gas- 
engine is the most efficient way of extracting 
work out of various kinds of coal. On it are 
largely based the various schemes for 
turning coal into electrical power at the pit- 
mouth, for all industrial and domestic pur- 
poses. In other words, Mr. J. E. Dowson is 
one of the founders of the coming electric 
age in our civilisation. . The Institution of 
Civil Engineers has awarded him the 
Telford gold medal and premium ; the 
Institution of Electrical Engineers has also 
awarded him a premium, and his magnifi- 
cent work has been honourably recognised 
by other scientific authorities. 
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PIONEERS 


f^ancis mary buss — pioneer of 

EDUCATION FOR GIRLS 
SIR EDWIN CHADWICK— FOUNDER OF 
' PUBLIC HYGIENE IN ENGLAND 
IHOMAS CLARKSON— EMANCIPATOR OF 
THE SLAVES 

RICHARD CO BDEN — REVOI.l JT IONIST IN 
ECONOMICS 

JOHN COLET— PIONEER OF GRAMMAR 
SCHOOLS IN ENGLAND 
JOHN AMOS COMENIUS— THE MAN WHO 
MADE LEARNING EASY 

FRANCES MARY BUSS 
Pioneer of Education for Girls 

F rances Mary Buss, the pioneer of 
secondary education for girls, was born 
on August 16, 1827, her family being Lon- 
doners. Bred in an artistic circle, she early 
developed intellectual tastes. Home circum- 
stances made her an experimental teacher 
at fourteen, and in the schoolroom she 
spent the rest of her working life. During 
her girlhood middle-class education was 
glaringly deficient. Showy “ accomplish- 
ments ” served as substitutes for knowledge 
intelligently sought. That boys and girls 
should be educated to the same level was 
regarded as preposterous. Early Victorian 
respectability was shocked at the thought 
of girls learning Latin, or mathematics, or, 
above all, science. Colleges for women were 
openly derided, and the “ sweet girl- 
graduate ” was regarded as the creature of 
a poet's humorous fancy. These notions 
began to be dissipated after the evidence 
which was given before the Schools Inquiry 
Commission, in 1864, by Miss Buss and 
other distinguished pioneers of higher 
education for girls. The pitiable ignorance 
of girls in the middle grades of society was 
exposed before the Commission, and 
measures were taken for enabling girls to 
participate to some extent in educational 
endowments. Within ten years of the 
roming into operation of the Endowed 
Schools Act, Miss Buss was able to count 
forty-five new endowed schools for girls, 
some with accommodation for hundreds. 
An onward step was taken in 1863, when 
( ambridge University allowed girls to take 
• he Local Examination as an experiment. 
Behind this movement, both as a stimu- 
ator of public opinion and as a teacher, 
Buss took an influential part. Her 
scholars did well, and she urged that, with 
better organisation of the examinations, 
women would take rank as students with 
men — a forecast that was amply fulfilled. 


DANIEL DEFOE— AN INTELLECTUAL FORE- 
RUNNER OF PROGRESS 
WILLIAM HENRY DINES-A BRILLIANT 
EXPLORER OF THE UPPER AIR 
SIR HENRY DOULrON— THE MAN WHO 
REVOLUTIONISED DRAINAGE 
ADMIRAL FITZROY -THE ORIGINAL 
BRITISH “CLERK OF THE WEATHER ” 
GEORGE FOX— FOUNDER OF A SMALL, 
GREAT SECT 

FRIEDRICH AUGUST FROEBEL-THE APOS- 
TLE OF TEACHING THROUGH PLAY 

Her own education had been chiefly 
obtained at evening classes held at Queen's 
College, and when, at the age of twenty- 
three, she obtained the diploma of the 
college, she at once became the head- 
mistress of a new school in Camden Street. 
After that the keynote of her lifelong 
endeavours was struck in the exclamation : 
“ I would have girls trained to match 
their brothers ! ” When her school had 
become remarkably successful, she un- 
selfishly relinquished her control of it, and, 
as a matter of general policy, converted it 
into a public foundation. 

The North London Collegiate School, as 
it was now called, was not only unique, but 
gave the start to a new era in girls’ educa- 
tion, and became a model for secondary 
schools in all parts of England and other 
countries. The school was equipped with 
all the necessary appliances for teaching 
the sciences which had been regarded as a 
preserve for men. 

Miss Buss was keenly sensitive on the 
question of training women teachers to 
teach, and helped to build up the network 
of schools, colleges, and university depart- 
ments which now meets in this respect the 
needs of the nation. She lived to see the 
almost complete triumph of her ideas after 
fifty years of work, and stands the repre- 
sentative figure in the emancipation of the 
intellect of women from cramping pr» judice. 

She was a fascinating teacher, a motherly 
adviser of girls, an idolised head of the 
pioneer girls' high school. She died on the 
eve of Christmas Day, 1894. 

SIR EDWIN CHADWICK 

The Founder of Public Hygiene in England 

Edwin Chadwick, the man who founded 
the English system of Public Health, was 
born at Longsight, near Manchester, on 
January 24, 1800. After an education for 
the law, he drifted from the Bar to the 
studies of a publicist, wrote articles for the 
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newspapers and essays for the “ West- 
minster Review,” then the organ of ad- 
vanced thought, and became associated 
with Jeremy Bentham as a literary assist- 
ant — work that was acknowledged sub- 
stantially in Bentham’s will. 

When, in 1832, a Royal Commission of 
inquiry into the operations of the Poor 
Law was formed, Chadwick was engaged as 
one of the assistant commissioners making 
the inquiries, and he showed such interest, 
energy, and intelligence in his work that he 
was put on the Commission itself next year, 
and eventually took the principal part in 
preparing the General Report which led to 
the introduction of the reformed Poor Law. 



FRANCES MARY BUSS 
I'liutograph by E. J. Lambert 


Chadwick was a firm disbeliever in the 
public administration of small areas. He 
saw. under the parish system, the evil of 
narrow views and a pursuit of personal, in 
preference to public, interests. Combating 
that tendency, lie helped to make the Poor 
Law union the unit of relief administration, 
and he championed staunchly the idea of 
central national control, as a means of 
spreading more intelligent methods than 
the strictly rural mind could adopt. The 
value of iiis public work depended in a 
large? degree upon his hold on this principle, 
but it also added to the difficulties of his life, 
and at one period led to a serious defeat. 

In 3833 Chadwick was included in the 
Commission appointed to inquire into the 
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hours and conditions of labour of factory 
children, and the curtailment of the chil- 
dren’s hours of work ; and the appointment 
of factory inspectors by a central authority 
wa? among the results of the report he 
drew up. Other reforms that were realised 
long afterwards, such as the recognition of 
employers’ liability for accidents, were 
suggested in this report. 

When, in 1834, the Poor Law Commission 
was appointed, Chadwick became its secre- 
tary. His experience in connection with 
Poor Law work revealed to him the im- 
perative nature of the demand for public 
sanitation, and his was the influence which 
caused the first Sanitary Commission to be 
appointed, in 1839. He also introduced the 
official registration of the causes of death. 
In 1842 he published, as a consequence nt 
work done jointly with Dr. Southwood 
Smith, a terrible report on “ The Sanitary 
Condition of the Labouring Population.” 
In it he pointed out that the probability of 
life for an English working man was thirteen 
ears lower than the probability of life for a 
wede. These investigations led to the pass- 
ing of the Public Health Act of 1848, and 
Chadwick became one of the Commissioners 
on the first national Board of Health. The 
Board had a stormy career, and after a keen 
light in Parliament was dissolved in 185.1, 
and the Local Government Board came into 
being in substitution for it, the great initia- 
tor of Poor Law and sanitary reform being 
retired on a pension of a thousand a year. 

There is no doubt Chadwick was not an 
easy man to work with, unless his colleagues 
really believed in going straight for the 
removal of evils. He believed in action, 
prompt and drastic. In a singularly com- 
plete manner his ideas have, since his 
official day, been carried out with enormous 
public advantage, but the local authorities 
were not ready for co-operation with sani- 
tary science in the fourth and fifth decades 
of the nineteenth century, and they were 
intensely resentful of central control or 
dictation. The Acts passed to help tin' 
country to become healthy were permissive, 
not compulsory, and the most backward 
districts were the least ready to adopt such 
Acts. Many local bodies united to cheek 
all the new-fangled ways of doing the 
public good which were summed up in the 
proposals and demands of Edwin Chadwick ; 
and, in the end, a complaisant Government 
moved him out of the way while he was 
still in the prime of life. But he had laid, 
deep and sure, the foundations of an almost 
incredible improvement in the public health 
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After his retirement from the public 
service. Chadwick did a quarter of a century 
L ,i additional work as a private citizen 
in ensely interested in a wide variety of 
public questions. He helped to start the 
System of examination for appointment to 
tj K > public services. Public control of 
railways, like highways, for the public 
benefit was one of his ideas that has not 
cwii yet fructified. 

Foreign societies of medicine and hygiene 
ulk-rcd him honours, and he was President 
ot the Economic Section of the British 
Association and the Public Health Section 
ot the Social Science Association. In 1889, 
when he was verging on four-score years and 
ton, he was knighted. He died" at East 
Sheen, July 6, 1890; and his Life has been 
written by Sir Benjamin Ward Richardson, 
with a sympathetic insight that is a 
posthumous compensation for the con- 
tumely poured on him in his early life by 
vindictive ignorance. 

Sir Edwin Chadwick was a genuine 
pioneer — clear-sighted, sane, yet ideal, fear- 
less, possessed by his sfchemes, but he also 
had the disadvantage of his strength, and 
was unaccommodating and always ready for 
a light. The final count to his credit is that 
he held so firmly the friendship of the men 
who worked under him officially and suc- 
ceeded him that they cleared his memory, 
and re-endowed him finally with the public 
credit his opponents, with a strange short- 
>ightedness, had tried to snatch from him. 

THOMAS CLARKSON 
Emancipator of the Slaves 

Thomas Clarkson, friend and emanci- 
pator of slaves, was born at Wisbeach on 
March 28, 1760. His father, a clergyman, 
was master of Wisbeach Free Grammar 
Srhool, and wished that his son should enter 
the Church. Thomas, admitted to St. 
Paul’s School, London, obtained, five years 
later, one of the Exhibitions, which took 
him to St. John's College, Cambridge, where, 
at t lie end of three years, he graduated. At 
this time slave-owning was considered quite 
a matter of course, reflecting no dishonour 
wp ( m those engaged in the trade. Many 
illustrious houses engrossed in commercial 
ventures were enriched by the proceeds 
of the capture and sale of slaves. The 
morality of the traffic had never been 
publicly challenged. But the whole ques- 
bon was just now agitating the minds of a 
generous, right-seeing few. One was Dr. 
1 Mdiard, Vice-Chancellor of the University, 
after a powerful sermon against the 



unholy commerce, chose for the theme * of 
an essay to be written in Latin by Bachelors 
of Arts, " Is it right to make slaves of others 
against their will ? ” 

Clarkson, who was twenty-five at the 
time, resolved to compete, not because he 
had any knowledge of, or interest in, the 
subject, but because he thought he stood as 
good a chance as any other man of carrying 
off the prize. He laboured with all his 
strength to prepare his data, and was 
speedily convinced that his answer to the 
query must be in the affirmative. He 
read all that he could upon the subject ; he 
interviewed people who from personal 
knowledge could tell him of its details ; and 



THOMAS CLARKSON 


presently, from a mere writer of an examina- 
tion paper, lie found himself an ardent 
advocate of the cause which his paper was 
to expound. 

“ No person can tell," he afterwards 
declared, “ the severe trial which the writ- 
ing of it proved to me. I had expected 
pleasure from the invention of the argu- 
ments, from the arrangement of them, 
from the putting of them together, and 
from the thought, in the interim, that I was 
engaged in an innocent contest for literary 
honours. But all my pleasure was damped 
by the facts which were now continually 
before me. It was but one gloomy subject 
from morning to night. In the daytime I 
was uneasy, in the night I had little rest ; 
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I sometimes never closed my eyelids for 
grief, and I always slept with a candle in 
my room that I might rise out of bed and 
put down such thoughts as might occur to me 
in the night, if I judged them valuable, con- 
ceiving that no arguments of any moment 
should be lost in so great a cause.” 

The Clarkson essay gained the prize, but 
its author felt that he could not let the 
matter rest there. He translated his 
essay into English and published it. The 
pamphlet brought him introductions to 
Granville Sharp --who caused the liberation 
of the last slave on English soil and others 
who were labouring Li the question. Chief 
of these was William Wilberforce. It is a 
fact of which the Society of Friends has 
every reason to be proud that an import- 
ant committee of twelve men now formed 
to put down slavery comprised only three 
men who were not Quakers. Of these 
Clarkson was one. Although he had been 
ordained a deacon, he relinquished all 
thought of entering the Church, and devoted 
himself entirely to his anti-slavery crusade, 
lie travelled from end to end of the land 
again and again, stirring the public mind 
against the abominations of the traffic in 
which English merchants, planters, and 
private gentlemen were engaged. 

1 he story of that struggle for the redemp- 
tion Hm 1 African slaves need not be re- 
capitulated. ( larkson toiled night and 
day in the work, wore himself out, brought 
himself to poverty, broke down, and had to 
rest for seven years; then returned and 
helped to carry the day. He had done a 
dozen men s work in endeavouring to 
convert France to the doctrine of " liberty 
equality and fraternity ” for black men as 
well as for white ; and he now waited upon 
the Emperor of Russia with a view to 
securing his adhesion to a world-wide move- 
ment tor tlie suppression of slavery. His 
last battles were fought on behalf of the 
s hm> s of the West Indies, but it was not 
until i Si? that the Emancipation Act was 
passed which brought freedom to 800,000 
sa\es, and t gave 420,000,000 in compen- 
sation. Although broken in health by his 

on’Tn °n f 1,1,11 ‘ C ( er ! 1< ? ns > Clarkson lingered 
on to the age of eighty-six, and had the 
satisfaction of knowing that whereas in hi; 
youth even in England there were boncl- 
nicn from many lands, at last he could say 
that nowhere under the Union Jack was 
then a single slave. lf e died at Plavforcl 

mi? r °V September 26, 1846. y The 

■ oil of private citizens who did public work 
contains no name more honoured 
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RICHARD COBDEN 
The Story of a Revolution in Economics 

Richard Cobden, who more than any man 
brought into practical life in England the 
theory of free interchange of products 
between country and country, as was 
suggested by Adam Smith, was born on 
June 3, 1804, on a farm near Midhur.st 
His father, a man of gentle disposition, was 
quite incapable in matters of business. 4 \ 
fall in prices involved him in ruin, but, 
relatives coming to the rescue of the chil- 
dren, Richard was sent to a Yorkshire school, 
where he spent live unhappy years — “ ill- 
fed, ill-taught, ill-used.” 

On his release he became a clerk in an 
uncle’s London warehouse, and at twentv- 
one was promoted to the position of com- 
mercial traveller, a vocation that satisfied 
his craving to familiarise himself with men 
and affairs. His journeys provided endless 
opportunities for the exercise of tact, 
urbanity, and readiness of speech. He was, 
in fact, unconsciously in training for a 
statesman. 

Then he began business on his own 
account, and thrived amazingly. Hut 
amassing wealth was not Cobden’s ambition. 
He had a passion for accumulating infor- 
mation that could be turned to practical 
account. Apart from the smattering of 
knowledge obtained at school, he was a sell- 
taught man. For languages and history lie 
appears to have had a special liking. He 
was steeped in the science of political 
economy, and may fairly be regarded a^ 
the first man to translate some of the 
economic principles of Adam Smith into 
large, serviceable realities. 

Professor Thorold Rogers has said : “If 
exact and careful knowledge of history 
constitutes learning, Cobden was, during the 
years of his political career, the most learned 
speaker in the House.” His acquaintance 
with general literature was surprisingly 
wide, and the rare merit of his literary style 
has won the admiration of Lord Moriey 
(his biographer), who describes him as 
the master of a written style which, in 
boldness, freedom, correctness, and per- 
suasive moderation was not surpassed by 
any man then living.” 

A lover of travel and an alert observer, 
he amplified his education by visits to the 
Continent and America ; and in 1835 
appeared his pamphlet “ England, Ireland, 
and America,” followed in 1836 by one on 
Russia. These pamphlets, written before 
C obden had taken any serious part in 
political agitation, may be said to embody 
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is scientific views on legislation and 
overnment. Though he was essentially a 
tactical man, whose interests were bound 
L p with manufactures and trade, “ he never 
cased ” (as Morley declares) “ to be the 
ireacher of a philosophy of civilisation.” 

His main argument centres upon the 
Material and national advantages of an 
in lettered trade — freedom to “ buy in the 
lieapest market and sell in the dearest.” 
national systems of government, acting 
>n industry, diminished wealth and injured 
lie general well-being. The well-being of the 
nasses was a barrier, he contended, against 
INcontent, disorder, and revolution. As 
ncial happiness and national stability 
Impended on the right use of economic 
(.•sources, lv* came to the conclusion, in 
lis own words, that “ at certain periods in 
ho'history of a nation it becomes necessary 
o review the principles of domestic policy 
or the purpose of adapting the government 

0 the changing and improving conditions 
>f its people.” 

The kernel of his theory of “ non-inter- 
■ention ” lies in his statement of the 
irinciple “ that no Government has the 
iglit to plunge its people into hostilities 
xcept in defence of their own national 
ionour or interests.” 

At this time the country was plunged in 
listress. Paupers and criminals abounded, 
nd sullen and idle workmen were joining 
hartist or Socialist organisations. Though t- 
ul politicians were canvassing methods for 
using the situation. Colxlen desired to 
ry the experiment of cheap food for the 
voplc. In his first pamphlet he had 
sserted that the Repeal of the Corn Laws 
’as absolutely necessary for the welfare 
f the State, and he now decided to devote 
is public life to accomplishing that object. 
h‘ set out on the career which was to 
lake his name for ever famous. 

In 1837 h e stood as Parliamentary candi- 
ate for Stockport, but lost the election 
n the question of factory legislation. The 
‘<‘xt year seven men met in a Manchester 
() tel, and formed an association which was 
Iterwards merged in the famous Anti-Corn 
- aw he ague. Cobden was soon the leader 
nd prophet of the movement. He won 
ls spurs in the Manchester Chamber of 
■onunerce, where he rallied the waverers 
ml carried a motion in favour of petitioning 
nrlianient for repeal of the corn duty. 
Cobden had already outlined a programme 

1 work for the League. Early in 1839 what 
rove d to be a long and strenuous campaign ’ 
as begun. “ For five years,” said Mr.- 


Bright afterwards, "we devoted ourselves 
without stint. Every working hour was 
almost given up to the discussion and to the 
movement ” connected with the great 
crusade. Manufacturers and merchants 
were lavish in their subscriptions ; a staff 
of lecturers set out on an economic mission, 
and every elector in the kingdom received 
a budget of tracts. Cobden and his com- 
panions of the so-called “ Manchester 
School ” were derided, for the Corn Laws 
were thought to lie as impregnable as the 
monarchy. The middle classes quickly 
accepted the new doctrines, and even the 
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farmers, though at lirst suspicious and un- 
friendly, yielded to the patient and powerful 
arguments of the agitators. But feeling in 
the country fluctuated with the harvests 
and the state of the labour market, and 
Parliament must be conquered. 

Cobden, returned for Stockport at the 
election of 1841, immediately resumed the 
struggle from his seat within the House. For 
five years he and his friends Mr. Bright and 
Mr. Charles Vi fliers stood courageously to 
their task. The Prime Minister (Sir Robert 
Peel), whose views had been gradually 
changing on the question, at last admitted 
that Cobden’s arguments were unanswerable. 
A wet harvest, and the news of a potato 
famine in Ireland, added to the Minister’s 
difficulties, and he finally capitulated to 
conviction and circumstances. The “ Apostle 
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ui Free Trade ” had won, and a measure was 
introduced and passed in 1846 for the 
abolition of the Corn Laws in three years. 

Poverty and broken health were the 
outcome of Cobdcn’s tireless exertions. A 
.welcome testimonial of nearly £80,000 
repaired his fortune, and^ a prplonged 
holiday tour on the Continent fitted him 
afresh for Parliamentary activities. His 
■subsequent condemnation of the Crimean 
War made him for a while t extremely 
unpopular in the country ;4^et, in 1859* his 
old foe Lord Palmerston offered him a seat 
in the Cabinet, whitfi Cobden felt* compelled 
to decline on the ground of his former^ 
irreconcilable attitude towards the Prime 
Minister’s foreign policy. ~An outlet for 
his particular genius was, .however, found. , 
He was empowered to act as her Majesty s 
plenipotentiary in- negotiating a commercial 
treaty with France. 

Tins was the second great work of his 
political .. life. By skilful and patient 
argument, genial tact, and marvellous 
knowfedge of details, he gained the confi- 
dence and assent ol Napoleon III. and his 
Ministers, flic treaty was .signed, the 
tariff settled (i8(>o), and an enormous 
expansion of commerce between the two 
countries ensued. The English centres of 
industry hailed the agreement with delight. 
In addition to this achievement, Cobden 
did the public a valuable service in securing 
ihe -abolition of the passport system, and in 
arranging more convenient postal facilities 
with France. 

Cobden was a man of great charm, good- 
natured, buoyant, dauntless. “ The manliest 
and gentlest spirit that ever quitted or 
tenanted human form,” said his faithful 
friend John Bright. 

He was a trenchant speaker, unsurpassed 
in lucidity and persuasiveness ; and, as a 
politician, had a singularly honourable and 
unselfish record. Though some of his 
forecasts have not come true, through a 
too generous estimate of the political and 
economic wisdom of the Continental world, 
the expansion of his policy has given his 
own country a position in trade without 
parallel in the story of mankind. 

He died in London on April 2 , 1865, and 
was buried at Laving ton, in Sussex. 

JOHN COI.ET 

The Pioneer of Grammar Schools In England 

John Colot, the friend of Erasmus and 
Sir Thomas Mrne, one of the most striking 
figures of the classical renaissance in England, 
and the pioneer of grammar school education, 
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was born in London in 1466. He was the 
son of • Sir Henry Colet, a rich City knight 
wbo had twice been Lord Mayor. After 
seven years at Magdalen College, Oxford, 
where his special studies were logic and 
philosophy, Colet went to Paris and thence 
to Italy, and, like other English scholars of 
his time, became enamoured of the newly 
recovered Greek learning. It is not unlikely 
that in Italy he caught some of -the moral 
fervour of Savonarola. 

Returning to England in 1497, he took 
Orders, and after several preferments was 
made Dean of St. Paul’s. Colet did not 
concern himself with traditional theology. 
His sermons were of the best modern type, 
simple, intelligible, stripped of mysticism 
and dogma, and based upon the life and 
sayings of Christ Himself. So he infused 
a new spirit into the cathedral services. , , 

Colet’s views of the reformation of the 
Church were prudent and penetrating. 
Reformation was necessary, but the bishops 
should supervise their sees more vigilantly. 
They should set a virtuous example to their 
clergy, and to the laity. The luxury and 
idleness of the clergy were unsparingly 
condemned. These opinions routed much 
indignation, and his oNvn bishop brought 
against him a charge of heresy, but 
Archbishop Warham and the King were his * 
friends. Henry quaintly remarked : “ Let 
every man favour his own doctor, but this 
man is the doctor for me.” 

Colet treated the Scriptures from the 
historical standpoint, a method as daring 
then as it was novel. He was, in fact, in this 
field of thought, many generations ahead 
of his own day. Amongst the delighted 
Oxford men who flocked to his lectures. 
Erasmus and other eminent scholars were 
often seen. 

The year 1513 found Henry VIIL in a 
fiercely aggressive mood, and at war with 
France. This event exasperated Colet, and 
he offered a fiery protest from the pulpit 
of St. Paul's, declaring that “ an unjust 
peace is better than the justest war.” The 
Renaissance had generated a spirit ol 
healthy criticism ; even kings must not 
lightly hinder the progress of the bright 
hopes awakened by the new learning. 

But another Pope succeeded, and calm 
again was restored. Colet seized the 
opportunity to begin that remarkable 
educational reform by which he is now 
best remembered. 

The Dean inherited an ample fortune, 
and he determined to devote this largely 
to the building and endowment of a school 
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THE STATUE OF JOHN COLET, WHICH STANDS IN FRONT OF ST. PAULS SCHOOL, LONDON 


where boys could receive a sound education suitable Latin grammar, Colet himself 

in Latin and Greek. He was absorbed in editing the work, which remained in 

J his splendid project, which was completed use for two centuries or more. He drew 

in 1512. An estate in Buckinghamshire was up the regulations of the school, and it 

transferred to the Mercers’ Company to became a model for others in curriculum, 

provide for the teachers’ salaries, and — an methods, and purpose. He expounded the 

important innovation — the control of the science of teaching to his “ well-beloved 

school was vested in the married laymen masters,” and recommended that pupils 

that corporation. William Lily was should not be hampered with difficult rules 

appointed the first head-master, and much - at the start, but that the study of good 

thought was given to the production of a authors should be encouraged, every word 
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and sentence being observed ; that the boys 
should be taught to converse in pure Latin ; 
and that by “ busy imitation with tongue 
and pen *’ they would gain more than by 
tradition, rules, and precepts. Colet’s work 
in education had a vivifying effect through- 
out the land, and more than any other 
single influence helped to establish the 
grammar school system that is now being 
happily merged into a national scheme of 
secondary education, under public control. 

The Dean was a man of commanding 
personality, noble in his life, unspoilt by 
his dignities. St. Paul’s School, with its mag- 
nificent achievements, remains his lasting 
monument. He died on September 16, 1519* 

JOHN AMOS COMENIUS 
The Man who Made Learning Easy 

John Amos Comenius, the great educa- 
tional reformer of the seventeenth c°n- 
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tury, was born at Nivnic, in Moravia, 
on March 28, 15 92. Comenius is the 

Latin lonn ol the name Komenski. At 
sixteen Comenius was smitten with a love 
ot learning, and was eager even then to 
devise simpler and cheaper methods for 
promoting the education of the young. 
He described the schools he knew as “ places 
where a hatred of books and literature is 
contracted, and minds are fed on words.** 
After a brief experience as a schoolmaster 
he became the pastor of the Moravian 
church at Fulneck. The battle of Prague, 
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in 1621, was followed by the capture and 
sack of Fulneck, and Comenius lost his 
manuscripts in the wreck of his home. His 
troubles were trebled by the loss of his wife 
and his only child. Persecution forced him 
to flee into Poland, and he was never 
permitted to return to his native land. 

What his country lost the world gained. 
The exile settled at Lissa, where he made a 
deep study of the works of the educational 
thinkers, and carefully digested the philo- 
sophy of Lord Bacon, of whom he was an 
ardent disciple. A critical examination of 
Bacon’s works led him to write his 
“ Didactica Magna.” which, as he naively 
explains, “ shows the art of readily anil 
solidly teaching all men all things.” 

In 1631 he published the book which im- 
mediately established his reputation. It was 
translated into many European a*d Asiatic 
languages. This was the “ J anua Linguarum 
Reserata” — ‘‘Gate of Tongues Unlocked.” 

Parliament invited Comenius over to 
England in the interests of education, bill 
the plan failed owing to the threatened 
outbreak of civil war. At this juncture a 
rich Dutch merchant offered him a home 
and terms which would enable him to prose- 
cute his plans. By this agreement he was to 
write a book on education with a special 
bearing on the teaching of languages. 

The range of his sympathies stretched 
beyond his scholastic work. As bishop 
of the religious body with which he was 
associated, he was often occupied in con- 
troversies, and with the affairs of his 
Church. He was freed from an uncongenial 
relationship with his Dutch patron on the 
death of the senior bishop, to whose dignity 
he succeeded. This involved his departure 
from Elbing, where he had lived eight 
years. He fixed his home at Leszna, but 
ieft it in answer to a request that he should 
reform the schools in Transylvania. 

He founded a model school at Saros- 
Patak, and in intervals of leisure wrote 
his most famous book, the “ Orbis Pictus." 
an abridgment of the “ Janua,” but accom 
panied with pictures, the first picture- 
book, in fact, that ever brought gladnes* 
into a schoolroom. Back at Leszna, he was 
again the victim of misfortune ; the Poles, 
enraged by the victorious invasion of the 
Swedish king, whom Comenius had in- 
discreetly congratulated, looted his house 
and utterly destroyed his most preciou- 
manuscripts. He eventually found a quiet 
refuge in Holland, where, with the help of a 
wealthy friend, he published a complete 
folio edition of his writings on education. 
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Those writings are pregnant with sug- 
gestion, and of the utmost value to the 
.indent. The “ Great Didactic ” is a 
treasury of pedagogic science, overflowing 
with ideas wisely and pithily expressed. 

( mnenius lays much stress on the necessity 
lor following the methods of Nature. The 
( liild should be taught to link words with 
things, and in this Comenius anticipated 
that branch of elementary science now 
known as “Nature study.” Education 
should come, in due order, through the 
senses, the memory, and the intellect. In 
teaching a foreign language abstract rules 
.hnuld be ignored, and the pupil should be 
put into direct touch with an author’s work. 

The “ School of Infancy ” is an earlv 
contribution to the. literature of the 
Kindergarten. The infant mind should lie 
I allow, absorbing the influences of its 
physical environment until ready for the 
processes of culture. It is able to imbibe 
science by observation, and unconsciously 
hut surely acquires, in the home and its 
surroundings, an inkling of botany, geo- 
graphy, astronomy, arithmetic, and even of 
logic and politics. His Latin primer, the 
“ |anua. M affords a graphic exhibition of his 
inductive method of teaching a language. 
On each page are parallel columns of Latin 
phrases and the vernacular equivalents ; 
these refer to such subjects as the Earth, 
Man, the Home, the State, the Mind, and 
constitute a concise encyclopedia of know- 
ledge. as well as supplying a vocabulary of 
familiar words, with a skilful interweaving 
of the chief grammatical difficulties that 
may occur. 

Comenius was also the first great educator 
to plan a scheme of instruction extending 
from infancy to manhood. His division of 
schools into “ mother,” vernacular, Latin, 
and university correspond, very nearly, with 
the infant, primary, secondary, and higher 
schools of the present day. Raumcr avers 
that “ the influence of Comenius on subse- 
quent thinkers and workers in education is 
incalculable.” Com pay re claims that he 
applied to pedagogy, with remarkable in- 
sight, the principles of modern logic ; 
“ that he was indeed the Bacon of modern 
education.” Comenius died at Naarden 
(, n November 15, 1671. 

DANIEL DEFOE 

An Intellectual Forerunner of Modern Progress 

Daniel Defoe, famous as the author of an 
immortal novel, but seldom remembered for 
his original and ingenious essays on social* 
science, was born in London, in the parish 


of St. Giles, Cripplegate. His father, James 
Foe, was a prosperous butcher. The name 
Defoe, assumed by the son, was probably 
a play upon his signature, D. Foe. He 
joined the standard of the Duke of Mon- 
mouth, missed being sentenced by Judge 
Jeffries, and in 1688 was in the crowd that 
welcomed William III. His career was 
checkered with contrasts. At one in 
principles with the Dissenters, he alienated 
their goodwill by condemning their in- 
consistent lapses into conformity. Possess- 
ing the keenest instincts for business, his 
commercial ventures unfortunately led him 
to bankruptcy. A vehement but vacil- 
lating politician, equally dexterous as the 
secret agent of Harley or Godolphin, he 
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perplexed the Whigs as much as he 
exasperated the Tories. But at last, when 
broken in health and weary of politics, he 
achieved a series of literary triumphs at an 
age when many of the greatest writers 
begin to fail in freshness and power. 

His first noteworthy book was an “ Essay 
on Projects,” published in 1697. It teems 
with ideas scientifically interesting, strik- 
ingly practical, often whimsically elabo- 
rated, and far in advance of his own times. 
In this work Defoe writes with much 
sagacity on the science of banking. The 
system of banking, as it is now understood, 
had only been recently introduced into 
England, and was practised chiefly, and 
not always honourably, by the goldsmiths 
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of London. Defoe sarcastically refers to 
“ their most delicious trade of making ad- 
vantage of the necessities of the merchant 
in extravagant discounts, and premiums for 
advance of money.” The Bank of England 
was established about the time (1694) that 
he was writing the essay. After criticising 
its limited capital, and the consequent 
abridgment of its usefulness, he makes 
several excellent suggestions as to various 
branches of financial business it could en- 
gage in. Among others, it might start an 
office for inland exchanges, which would, he 
affirmed, dispose of all the current notions 
and proposals respecting county banks. 
This office would appoint a cashier in the 
capital towns of every county, and through 
the channel of the Royal Bank money 
transactions with every large town could 
be conducted at a small commission of 
£ per cent. Highway robbery would be 
prevented, and the country saved from 
ruinous loss. But he admits that inde- 
pendent county banks would he of greater 
value, and he clearly describes the sort of 
institution he would set up. It was indeed 
what is now called a joint-stock bank, with 
this difference— he would plant it in such 
towns as were governed by a corporation ; 
and while the stock should be open to 
general subscription, the deeds of settle- 
ment would be vested in the mayor and 
aldermen, the mayor always being a director. 

Here would appear to be the germ not 
only of modern county banks, but of the 
corporation stocks so much favoured to- 
day. ft was not until 1826 that legislation 
removed the restriction on note issues, and 
so encouraged the formation of joint-stock 
banking companies. Defoe was the first to 
originate the idea of savings banks for the 
comparatively poor working classes, but 
not till exactly a century afterwards did 
Jeremy Bent ham revive the suggestion, 
under the name of “ Frugality Banks,” and 
in 1799 the Rev. Joseph Smith put it in 
action at Wendover. 

In another essay on “ Highways,” Defoe 
anticipated by more than 200 years the 
appointment of a Road Board under the 
Development Act of 1910. After showing 
that the Romans applied the science of 
government to purposes of national con- 
venience, he went on to prove that the 
science of road-making might immediately 
be used m devising plans for the abolition of 
impassable highways. An Act of Parlia- 
ment might grant a charter to a company 
undertaking to make and maintain the 
public roads. The company must be armed 
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with powers to enclose, or encroach into, 
lands on the line of route, to fell trees, anri 
to do whatever was necessary, provided 
that the owners were previously satisfied, 
compensation being adjusted by Govern- 
ment arbitrators. Taking Middlesex as an 
illustration, he gives with amusing pre- 
cision the cost of the enterprise for that 
county, and avers that, backed by the 
authority of Parliament, a national under- 
taking was perfectly feasible, and of enor- 
mous advantage to travellers and traffic. . 

Defoe’s science of road-cons truction is 
based on Roman methods, and he supplies 
exact details of dimensions, drainage, 
paving, and materials. Other essays treat 
of the Higher Education of Women, of 
Assurance, of the Law of Bankruptcy, 
and of a Pension Office. In fact, in many 
directions Defoe was a genuine pioneer 
in sociological and economic directions, and 
the world has since been slowly realising 
his projects, unaware of their literary origin. 

As an untiring writer of pamphlets ho 
must be mentioned. His most famous 
treatise, “ The Shortest Way with Dis- 
senters.” made him a popular martyr in the 
cause of toleration. Then, too, he started 
the earliest newspaper of a fearlessly in- 
dependent political type. This was the 
“ Review,” which continued in uninter- 
rupted circulation from 1704 to 1713. 

His novels, including the inimitable 
“ Robinson Crusoe,” and his suppositions 
histories, so vivid that they still leave us 
in doubt as to their reality, can only be 
mentioned here. 

Defoe died in Moor fields, on April 2(1 
1731, and was buried in the Dissenters’ 
historic graveyard in Bunhill Fields. 

WILLIAM HENRY DINES 
The Brilliant Explorer of the Upper Air 

William Henry Dines is the son of Mr. G. 
Dines, of Horsham. Bom in 1865, he was 
educated at Windlesham and Corpus 
Christi College, Cambridge. In the earl} 
part of his career he was a tutor, but lie 
gave his leisure to scientific work. The 
study of weather specially attracted him, 
and in 1879 he was able to show that for 
North-Western Europe the suggestion of an 
association between a high barometer and 
cold weather in winter was false. But im- 
portant as were these observations, it is 
not to them that Mr. Dines owes his fame. 
He is the successor to Glaisher, the bal- 
loonist, who at great peril added to our 
knowledge of the higher levels of air. Them 
was a long interval between Glaisher and his 
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more scientific successor. For it was not 
until 1902 that Mr. Dines began to send up 
bnx-kites and pilot balloons and self- 
u gistering balloons. He started his work 
,,ii the West Coast of Scotland, and in 1905 
continued it at Oxshott, fifteen miles south- 
west of London, and he is now exploring 
l he oir from Pyrton Hill, in Oxfordshire. 

Mr. Dines uses three kinds of kites, and 
.t-veral kinds of balloons. There is a storm- 
kite that can rise in a wind at forty miles an 
hour. This is 7 feet high and 2 \ feet broad, 
with curious rounded sails that let some 
ul the force of the wind escape. There is a 
larger kite, 9 feet high, for use in light 
wind, and a standard kite similar in shape 
hut with tapering sails. The advantage of a 
kite is that it can be kept at a practically 
constant level for some time, and, being well 
ventilated, it is more reliable than a balloon 
lor registering the temperature and humi- 
dity of the air. Attached to each kite is a 
meteorograph of Mr. Dines’s invention. It 
consists of a wind measurer, a thermometer, 

■\ clock, and a barometer, with recording 
pens that write on a cardboard disc. It 
records automatically .the moisture, the 
Atmospheric pressure, the temperature, 
.md the wind velocity. 

The self-registering balloons ascend much 
higher than the kites. They are small things, 
about 39 inches in diameter, and with 
just a little more lifting power than is re- 
quired to raise a meteorograph. With these 
balloons Mr. Dines has made some hundreds 
ol observations, up to a height of nine miles 
or so. About sixty out of every hundred of 
the balloons sent up are recovered. In the 
calm weather of summer they often fall 
among the standing corn, and the instru- 
ment is completely shattered by the mowing- 
machine. In the high winds of winter, when 
die ground is bare, more records are 
obtained. 

Mr. Dines is particularly interested in 
die so-called " holes in the air M of which 
aviators complain ; for these interfere 
with the stability of his kites, and he thinks 
d the problem of the stability of a kite 
could be completely elucidated that of the 
stability of the aeroplane would follow. 

kites can fly in a steady wind, but none 
of them will remain stable with a wind 
blowing a t fifty miles an hour at a height 
() f T5oo feet. 

Some of the most important of Mr. 
Dines’s researches have been carried out 
a / :i h^ght of about 5J miles. The con- 
ditions of the weather that prevail at this 
a hitude govern .the conditions of the ’ 
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weather on the surface of the earth. Mr. 
Dines has found that the pressure in the 
layers of air at a little more than 4^ miles 
is the dominant factor in the distribution 
of pressure and temperature. He, how- 
ever, disagrees with some authorities in 
regard to the part that the wind plays at 
that height. In, his opinion the strong 
currents of air blowing over the upper 
atmosphere have little or nothing to do 
with the matter. It is the upright columns 
of rising or falling air which produce the 
changes at the surface of the earth. These 
rising or falling columns seem to be the 
holes in the air that trouble aviators ; they 
are the direct result of variations in the 
pressure of the atmosphere. 

The meaning of all this is that the weather 
forecasters of the future will require regular 
reports of the state of the air at different 
points at a height of 5^ miles. Unfortu- 
nately, it is only on rare occasions at present 
that we can ascertain the rate and direction 
of the wind at great heights; but it is 
hoped that pilots of balloons and airships, 
and aviators generally, will be supplied with 
detailed information as to the air currents 
and weather conditions likely to be en- 
countered a few hours ahead. 

SIR HENRY DOULTON 
The Man who Revolutionised Drainage 

Henry Doulton was born at Vauxhall, 
London, on July 24, 1820. His father was 
a potter in a small way of business, but 
gave the lad the best education available 
within the time at his disposal, which was 
not excessive, seeing that the youth, who 
was to confer lasting renown upon the 
family name, entered the business when 
fifteen years of age. Pottery in England 
had at that time reached a very low ebb. 
The old artistic methods had been 
gradually abandoned without worthy pro- 
cesses to succeed them. The youngster, 
who was at once put to the practical side 
of the trade, began his career as a learner 
at the ordinary potters’ wheel, and for 
many years was engrossed in the toil and 
drudgery of the journeyman’s task. The 
firm began to produce what are known as 
stoneware jugs and bottles, and from this 
ware Doulton gained a fruitful idea. 

During the first half of the nineteenth 
century London was a terribly insanitary 
city. Drainage was conducted by means 
of old-fashioned, flat-bottomed brick gulleys, 
through the gaps in which sewage perco- 
lated into the soil, there to multiply deadly 
bacilli and pave the way for fatal epidemics. 
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Buckingham Palace was in so dangerous 
a condition that a Commission appointed 
to inquire into the matter dared not 
present its report to Parliament. Cholera 
swept over the city in 1848, and typhoid 
invaded the precincts of Westminster 
Abbey, where 400 cubic yards of foul 
matter were removed from the branches 
of the ancient sewers. Dean Buck! and 
preached a sermon in the Abbey which rang 
through England, “ Wash you, make you 
clean.” lie advocated the uprooting of 
the old, defective sowers, and the installation 
of impervious pipes. 

Doulton had anticipated him. His in- 
stinct had shown him that the demand 
for hotter sanitation which was sweeping 
over the country could be met only by the 
provision ot stoneware pipes for which the 
aroused Dean was now calling. Two years 
before Buckland preached his sermon, 
Doulton had opened premises of his own 
'devoted entirely to the manufacture ol 
pipe's, Buckland took them up with a will, 
imt there were lew others to follow. 

Builders and experts were against the 
principle, and for some time fewer pipes 
were sold in England than in Paris, where 
the reforming zeal of Napoleon III., guided 
by one or two English men of science, was 
at work. But little by little the success 
of the Doulton product became estab- 
lished; and when the pipes were generally 
adopted a revolution in sanitary science 
spread from London throughout Great 
Britain and the British Empire. It made 
Doulton a rich man, and at forded him the 
means tor carrying out a second scheme 
which was far dearer to his heart. 

This was a renaissance* of English art 
pottery. Beginning in a small way, he 
produced articles which were not merely 
useful hut beautiful. The idea was re- 
volutionary for England, for it had become 
quite the habit to look to the English 
potter only for articles of everyday use, 
and to buy from abroad all decorative 
ware. But Doulton trained young men 
and women in the finer details of the work; 
lie trained artists to design for him. and to 
paint and colour for him. 

I- nder his fostering care a huge reform 
was effected. It did not stop at the 
betterment of china. It extended to wares 
of all kinds associated with the calling of 
the potter stoneware, silicon, impasto, 
terra-cotta, faience, etc. 

Since then Doulton wares in a hundred 
forms and materials and designs and shades 
have been set up throughout the civilised 
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world. The Doulton factory at Lambeth, 
the most artistic industrial establishment of 
its character in London, is of Doulton ware ; 
the attractive Russell Hotel, among others’ 
is faced with Doulton bricks, and scores of 
fountains and other decorative erections in 
public places are from the same source. 

Doulton, who received the Albert medal 
and was made a Chevalier of the Legion 
of Honour, was knighted “ for im- 
portant service rendered to technical 
education, especially to technical education 
for women.” He died in London on 
November 18, 1897, master of an honoured 
name and of a fortune worthily 'gained. 

ADMIRAL FITZROY 

The Original British “ Clerk of the Weather" 

Vice-Admiral Robert Fitzroy was a man 
who, after an extremely varied, and brilliant 
career, retired and did his finest work 
towards the end of his life. As captain of 
the “ Beagle” on a voyage round the world, 
for which he engaged as naturalist a young, 
hesitating Cambridge man, Charles Darwin, 
his name is for ever associated with the 
grand inspiration of the author of “ The 
Origin of Species.” His ‘‘Narrative of tin* 
Voyages of the ‘ Adventure ’ and ‘ Beagle 
is, in part, one of the most famous books 
in the world, for the part in question- -the 
third — is written by Darwin. Tt is the 
famous journal. 

But besides befriending and helping 
Darwin, and afterwards, as Governor ol 
Now Zealand, befriending and helping the 
Maoris against the white settlers, Admiral 
Fitzroy developed the lively interest he 
took as a sailor in all signs of weather 
changes into a system of forecasting 
storms and sending out warnings of them. 
This was the beginning of the organisation 
of the machinery and staff of the Meteoro- 
logical Office ; and, as the originator of our 
national system of weather forecasting. 
Admiral Fitzroy ranks among the great 
and effective men of science. 

No doubt much of Fitzroy’s success in 
life was due to the fact that lie was related 
to men of high social influence. Born on 
July 5, 1805, at Ampton Hall, Suffolk, 
he was the grandson of the third Duke of 
Grafton, and, on his mother’s side, of the 
first Marquis of Londonderry. Educated 
at the Royal Naval College, he entered tho 
Navy at fourteen,. and became a lieutenant 
at nineteen. His command of the “ Beagle 
in the survey of the coasts of South America 
was obtained in 1828. Two years afterwards 
he returned to England, and had his shin 
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practically rebuilt, as the timbers had all 
rotted away; and on December 27, 1831, 
Ik* left again for South America with 
Charles Darwin as his messmate. 

“ Slight in figure, dark, but handsome 
. . he is my beau-id6al of a captain," 
wrote Darwin to his sister. Fitzroy was 
always a strict officer.; he worked with 
remarkable energy himself, and was very 
severe on lazy or disobedient men. The 
severity of his manner was borne with 
because everybody on board knew that his 
first thought was his duty, and that he 
would sacrifice anything to the real welfare 
of the ship. But this way of handling men 
did not prove always successful. When, 
in 1843, Fitzroy was appointed Governor 
and Commander-in-Chief of New Zealand, 
his severity of manner defeated the noble 
object he had in view. 

lie came to the conclusion that the 
natives had rights in the land, as well as 
the white settlers, and he considered it his 
duty to look after the interests of the 
Maoris. To the conquering settlers he was 
trenchant and dictatorial ; he used blunt 
force in a complex and difficult matter 
where suave persuasiveness was required. 
So tierce was the anger he aroused among 
the men of his own race that the British 
Government was compelled to supersede 
him in November, 1845. Yet his action 
was very fine. To stand up for justice to 
the Maoris, alone, with powerful interests 
against him in the British House of 
Commons, and with savagely indignant 
settlers surrounding him in New Zealand, 
needed some courage. A Tory in politics, 
with views on slavery that shocked Darwin, 
Fitzroy was nevertheless a noble man. 

On his return to England, he obtained 
after some time the position of Super- 
intendent of Woolwich Dockyard, and then 
took command of a screw frigate he had 
lifted out, with a view to experimenting in 
the application of steam power to marine 
purposes. But it was after he retired from 
active service that the great work of his 
life began. In 1854 a Meteorological Depart- 
ment of the Board of Trade was formed, 
and, at the suggestion of the President of 
fhe Royal Society, Fitzroy was made 
director of the new office. He really won 
the jx)sition by the care and precision with 
which he had studied the weather in all 
parts of the world. 

. ^ South America especially he had* 
Riven much time and thought to the 
practical problents^of forecasting storms, 
lbs barque-rigged “Beagle ” was what was 
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known as a “ coffin ” ship ; she was badly 
designed, and liable to go suddenly under 
in a very bad sea. No doubt this fact had 
made Fitzroy keep his weather eye always 
open, so as to get his ship prepared against 
any storm. For the rest of his life he was 
passionately interested in storm-studies 
and wind-charts. He invented a cheap and 
useful barometer for seamen, and much 
improved upon the search for the law of 
storms begun by his American friend 
Commodore Maury. His “ Weather Book," 
published in 1863, marked a considerable 
progress in the scientific study of meteoro- 
logical conditions. 

But it was as “ Meteorological Statist " — 
the title for a time officially given to him — 
that Admiral Fitzroy left his mark on 
modern civilisation. He instituted, for the 
first time, the system of weather fore- 
casting that has been developed by the 
later directors of our Meteorological Office. 
It was in February, 1861, that our first 
clerk of the weather issued his first warning 
of a storm. Next August the first general 
forecast of our changeable weather was 
prepared and published by him. All he 
had to work on were twenty-two morning 
reports and ten afternoon reports, sent 
from different parts of the country, together 
with five Continental advices. Yet on this 
slender information he made forecasts of 
the weather for two days in advance ! 
It was a daring thing, but, owing more, 
perhaps, to his sailor’s experience than to 
his scientific knowledge, he managed to do 
well enough in the circumstances. It must 
be remembered that laws of cyclones and 
anti-cyclones had not been fully worked 
out, and there were not sufficient observing 
stations for the pressure of the air and other 
weather conditions to be fully charted in 
the Meteorological Office. 

The admiral was one of those men to whom 
idleness is pain. Work was his pleasure. 
He tell unwell through overwork, and still 
refused to rest. The consequence was that his 
mind gave way, and during this sad period 
of mental aberration he died by his own 
hand on April 30, 1865. 

GEORGE FOX 

The Founder of a Small, Great Sect 

George Fox, the first of the Quakers, and’ 
cstablisher of the Society of Friends, lives 
in two ways — he wrote one of the autobio- 
graphies that will always be read, and he 
brought into being an association of men 
that has had a remarkable influence on the 
social developments of his country. He 
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was born at Fenny Drayton, in Leicester- 
shire, in July, 1624, the son of a weaver, 
and was apprenticed to a shoemaker, wool- 
dealer, and fanner, in whose service he won 
wide esteem. From a child he was deeply 
pious, and while still in his teens felt him- 
self “ called ’* to leave his family and native 
place, and preach a whole-hearted surrender 
to the primitive Gospel of Christ, in protest 
against the formal religion of a Church 
“ made with hands.” 

The wandering life of a preacher, 011 which 
Fox entered as a youth, continued till his 
death, on November 13, 1690, in his sixty- 
seventh year. In th.it peiiod he visited 
all parts of Great Britain, and extended 
his appeals to America, the West Indies, 
Holland, and Germany. Almost everywhere 
in British lands he was persecuted, stoned, 
buffeted, and imprisoned, because he was 
an eccentric in many ways, and any eccen- 
tricity was regarded in his day as inviting 
a brutal reception ; and also because his 
personal, searching, vital religion was 
resented by people who took their religion 
easily and conventionally. 

Almost the whole story is told, with a 
quaint simplicity, in the Autobiography ; 
but what could not be foreseen by this 
earnest, fearless, self-immolating man was 
the effect which his ‘‘ testimonies/* in all 
places, before all peoples, from the roughs 
of Nottingham to Oliver Cromwell, would 
produce. That effect was the building up of 
a small, compact association of members 
who. during the two hundred years after his 
death, were foremost in every good work - 
social, political, or religious. liven in Fox’s 
life the Friends who had been brought into 
union with each other by his ministrations 
sometimes had a thousand of their number 
in prison for daring to preach and act a 
truly spiritual Christianity. 

The fact was there was no inducement for 
anyone to be a Quaker who was not boldly 
and sturdily sincere ; and this demand for 
individual consecration brought together 
a people, few but choice, who protested 
against war and all cruelties, who spent 
themselves in trying to secure such reforms 
as the purification of prisons, the abolition 
of slavery, the spread of education, a care 
for national health, a proper treatment of 
servants- — and, indeed, every phase of 
social amelioration consistent with a religion 
pure and undelilcd. 

The oddities ot George Fox, in dress, 
speech, and rejection of innocent conven- 
tions, are no longer perpetuated in the 
Society of Friends, but his insistence on 
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individual surrender to spiritual influences, 
and ready acceptance of personal devotion 
to public service, have been perpetuated, 
and have had an enormous influence in 
moulding the bettered life of today. Again 
and again during the last two hundred years 
great reform movements have taken shape 
under the fostering care of a knot of 
Quakers, the spiritual descendants of the 
leather-breeched, itinerant George Fox. 

FRIEDRICH WILHELM AUGUST FROEBEL 
The Apostle of Teaching Through Play 

Friedrich Froebel, according to Michelet, 
the greatest of educational reformers, was 
born at Oberwcissbach, a village in the 
Thuringian Forest, on April 21, 1782. Tie 
was a baby of nine months when his mother 
died, and during his infancy he was heart- 
lessly neglected by his father — the chief 
pastor of the district — and by the maid- 
servants. Left much alone, he fed on his 
own thoughts, pondered his natural sur- 
roundings, and, to use his own words, was 
occupied in “ unceasing self-contemplation, 
self-analysis, and self-education.” A child of 
this type is unthinkingly labelled dull. So 
was Froebel. Happily, his mother’s brother 
made an opportune visit and carried him 
away. With this sympathetic uncle, also 
a pastor, he lived some years. 

At fifteen he was apprenticed to a forester 
for two years and in the Thuringian woods 
he opened hi; heart to Nature, studied 
her ways, deduced general truths from 
his observations, and concluded that all 
Nature’s manifestations were governed by 
one and the same law. A year and a half 
at the University of Jena was followed by 
many disappointments while endeavouring 
to settle upon a profession. The habit of 
self-introspection still clung to him, and he 
felt more than ever assured that a great 
human work lay in front of him. 

At the age of twenty-three, a friend who 
was head of the Frankfort model school 
invited him to join the staff. This he did, 
to his great advantage. Later, he became 
private tutor of three boys, whose parents 
were willing that he should take them away 
to Yverduti, in Switzerland, where the 
celebrated educational reformer Pestalozzi 
was teaching. Froebel and his boys revelled 
in the atmosphere of the institution over 
which the great teacher presided. But he 
noted, amidst the delightful warmth and 
stir of the school, a want of system, “ °1 
depth, thoroughness, extent, perseverance, 
and steadiness.” Pestalozzi's methods were 
too superficial for the accomplished young 
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investigator. Froebel probed farther into 
tin mind of the child, and, while gratefully 
accepting the older man’s theories, and 
estimating them at their true value, he 
placed them on a more durable — because 
upon a more psychological — basis. 

Leaving Y verdun, he went through 
certain university courses, but in 1813 he 
responded to the call for men to resist the 
invasion of Napoleon. The war brought him 
no honours, but it added to his circle of 
triends two young fellows whose admiration 
for him was so deep that they sacrificed 
everything in order to live and work with 
such a fervent apostle of education. The 
three men started a school in one of the 
Thuringian villages, Keilhau, and here the 


In February, 1837, he opened the first 
Kindergarten,” or “ Garden of Children,” 
in the village of Blankenberg, near to 
Keilhau. “ As in a garden growing plants 
are cultivated in accordance with Nature’s 
laws, so here in our child-garden shall the 
noblest of all growing things, men, that is, 
children, the germs and shoots of humanity, 
be cultivated in accordance with the laws 
of their own being, of God, and of Nature.” 
One of the principal doctrines of Pcstalozziis 
that every faculty is developed by exercise. 
Froebel goes further. lie would have the 
child so educated that it will by its sponta- 
neous activity assist in its own development. 
Parents and teachers should give oppor- 
tunities for the child to gratify its legitimate 
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newest science of education was practised, 
net fruitlessly, but unremuneratively, until 
Froebel resolved to try the experiment of a 
l ’ranch school in Switzerland. Yet here, as 
elsewhere, though he inspired his teachers 
‘ l, id pupils with his own zeal, the actual 
progress of his principles was not encour- 
:1 King. In 1826 he had written a very im- 
portant work, “ The Education of Man,” in 
which he emphasised the pernicious effect of 
considering development in five separate and 
distinct stages, as infant, child, boy, youth, 
and man, and not as life itself shows them, 
as continuous and unbroken transitions, 
y Mi Froebel it was of importance that each 
stage should “ depend .on the vigorous, 
C() niplcte, and characteristic development 
each and all preceding stages of life.” 


impulses. “ From action,” says Froebel. 
“must start all true human education.” 

Perhaps the supreme practical service he 
rendered to education was his organisation 
of children’s play. Any occupation in 
which a child finds pleasure it regards as a 
game ; and so Froebel has invented or 
collected games, physical, artistic, and vocal, 
“ to give children employment in agreement 
with their whole nature ; to engage their 
awakening mind . . . and especially to 

guide aright the heart and the affections.” 
The dominant idea of his system of teaching 
is, to sum up, the superintendence of the 
child’s inherent faculties. His system is the 
only early educational one that promises to 
endure, perhaps owing to its simplicity and 
limitations. Froebel died on June 21, 1832. 
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CHEMISTS & PHYSICISTS 


marie curie— how radium was dis- 
covered IN POVERTY 

JOHN DALTON — THE SCHOOLMASTER 
WHO MADE CHEMISTRY A SCIENCE 

SIR HUMPHRY DAVY— WHO BROUGHT 
SCIENCE TO THE MAN IN THE STREET 

SIR JOHN DEWAR — WHO LIQUEFIED 
HYDROGEN AND HAS MADE AIR SOLID 

MARIE CURIE 

How Radium was Discovered in Poverty 

M akie Cukie was born at Warsaw on 
November 7, 1867, the daughter of a 
poor Polish professor named Sklodovsky. 
From early childhood she was accustomed 
to make his laboratory at the Warsaw 
College her playroom, and as she grew older 
she became his unofficial assistant. Begin- 
ning by tidying up the room and dusting 
the bottles and phials, she came to know the 
names and properties of all his chemicals, 
eventually taking to independent research 
on her own account. Her father seems to 
have noted nothing uncommon in her 
aptitude for the work of the laboratory ; 
and it was his students who named her 
“ the little professor,” and first directed his 
attention to her gifts. Still, it was due to 
her own initiative that she brilliantly 
passed examinations enabling her to con- 
tinue her studies in Paris. There she had 
as her professor, at the. physical science 
laboratory at the Sorbonne, Pierre Curie. 

Born in Paris on May 15, 1859, Curie had 
distinguished himself in a minor way by his 
careful and refined work on piezo-electri- 
city, on the construction of electrometers, 
on delicate balances, and on the magnetic 
properties of iron and oxygen at different 
temperatures. But there were many men 
in Paris more advanced than he in the race 
lor fame. Had these two not met, each 
scientifically the complement of the other, 
we should in all probability still be waiting 
lor radium. They became man and wife. 
In due course they learned from M. Henri 
becquerel of the radio-active properties of 
uranium, and undertook a searching quest 
lor these effects in a wide range of materials. 
Jbe story of that quest is one of the 
romances of science. The Curies were 
desperately poor. They worked in a miser- . 
a ]de, tumble-down shed for laboratory, with 
old sacks thrust into gaping cracks and 
openings, and only poor little cottage in 
a squalid neighbourhood as a dwelling. 


MICHAEL FARADAY— THE FOUNDER 
OF ELECTRICAL SCIENCE 
EMIL FISCHER— CONSTRUCTIVE CHEMIST 
LUIGI GALVANI— THE DISCOVERER OF 
ANIMAL MAGNETISM 
JOSEPH GAY-LUSSAC— DISCOVERER OF 
THE “ LAW OF VOLUMES** 

WILLIAM GILBERT— THE GREATEST 
SCIENTIST OF ELIZABETHAN TIMES 

The couple who were to shake the world 
with their discovery lived in utter poverty 
and misery while dragging to light the 
miraculous secret of the rubbish heap. How 
the new elements polonium and radium 
were at last discovered has already been 
shown on page 1148. The poverty-stricken 
discoverers at once became famous. A new 
Chair was created for Curie, while Mme. 
Curie, who was the actual discoverer, her 
husband only assisting her in the work, was 
honoured as no other woman of our genera- 
tion has been honoured. They had little 
enough in actual bulk to show for their 
labours ; from a ton of uranium residues they 
were able to extract but a grain or so ol 
radium salts. And all that they had was 
temporarily lost not long after the discovery. 
Curie dropped the phial containing it upon 
the floor of his laboratory, and scattered 
every bit of collected radium in the world. 
Not until every speck of dust had been 
swept up, and the whole boiled and baked 
and crystallised, was their anxiety relieved 
and the imperilled treasure recovered. 

While still at the zenith of his fame, M. 
Curie was accidentally killed in a Paris 
street on April 16, 1906. Mme. Curie was 
given a Chair at a university, and continued 
her labours, with the result that within a 
year of the death of her husband she suc- 
ceeded in isolating radium and polonium. 

JOHN DALTON 

The Schoolmaster who Made Chemistry a Science 

John Dalton was born at Eaglcsfield, near 
Cockermouth, Cumberland, on September 6, 
1766, into a poor Quaker household, where 
weaving and husbandry on a small scale 
barely sufficed for the needs of the little 
family. Dalton was early distinguished for 
studiousness and patient application. He 
left school at the age of ten, but received 
lessons in mathematics from a sympathetic 
patron, and in after years was helped by 
Gough, the blind, philosopher, to the 
acquisition of some French, Latin, and 
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Greek, and enabled to advance himself in 
mathematics. While still a boy, Dalton, 
at a military review, where the onlookers 
commented on the brilliant uniforms of 
the troops, asked those about him why 
the colour of those uniforms differed so 
little from the colour of the grass upon 
which they marched. His question was 
received with derision, but later Dalton 
worked out the problem for himself, and 
when Iwcnty-cight years of age read a 
paper before the Literary and Philosophical 
Society of Manchester on the visual defect 
first known as Daltonism, lie was the 
first to discover colour-blindness. It had 
probably existed in the world since the 
evolution of the human family, but no one 
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had previously noted it. The searching 
nature of the tests for colour-blindness to 
which men in the naval, merchant, and 
railway services have now to submit is 
sufficient evidence of the importance of the 
discovery to civilisation. 

At twelve years of age Dalton became a 
schoolmaster, with a barn for schoolroom 
and mere babes among his scholars. After 
two years of this the voting dominie quitted 
the school for rhe holds of a little farm 
which his lather had inherited, but, with his 
brother, soon passed over to Kendal to 
teach m the school of his cousin, whom they 
eventually succeeded. Dalton was now nine- 
teen, and the two young masters had their 
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sister for housekeeper, while their parents 
would trudge from Eaglesfield, forty-four 
miles in a clay, to carry them supplies ot 
food. While teaching, Dalton wq§ con- 
stantly learning, and, on the suggestion of 
Gough, began his famous meteorological 
journal. Thanks to the friendship of Gough 
he was appointed Professor of Mathematics 
and Natural Philosophy at New College, 
Manchester, and when ' this college was 
subsequently removed to York he supported 
himself by private tuition in Manchester. 
While lie was shaking the world with his 
discoveries in relation to gases, the force of 
steam, the elasticity of vapours, the expan- 
sion of gases by heat, and so forth, he was 
teaching mathematics at half-a-crown an 
hour, or performing delicate analyses at the 
wages of a navvy. When, by the enuncia- 
tion of his atomic theory, he had elevated 
chemistry to a science, notable men from 
many lands went on pilgrimage to his modest 
home in Manchester, to find the savant 
placidly earning his bread by teaching some 
small boy the first elements of arithmetic. 

It was in October, 1803, that he laid 
before the Philosophical Society the first 
results of his “ inquiry into the relative* 
weights of the ultimate particles.” In the 
succeeding year lie communicated to Dr. 
Thomson his theory that matter consisted 
of indivisible atoms, the atom of each 
elementary substance having its own 
weight. Dalton, taking hydrogen as the 
unity, gave twenty-one atomic weights, each 
being expressed in atoms of hydrogen. The 
theory, expounded from the platform and 
in his tfc New System of Chemical Philo- 
sophy,” at once attracted widespread atten- 
tion, though not immediate general accept- 
ance. Davy was sceptical for a while, but 
presently declared it the greatest scientific 
advance of his time, while later he wrote 
that Dalton “ first laid down, clearly and 
numerically, the doctrine of multiples, and 
endeavoured to express by simple numbers 
the weights of the bodies believed to he 
elementary.” 

Dalton and his illustrious contemporaries 
went to their grave’ believing that the atom 
lie had found was the ultimate and in- 
divisible form of matter ; and for a hundred 
years his theory held good. Since then we 
have verified the existence of the atom, hut 
have succeeded in splitting it into electrons, 
in measuring their mass, and recording die 
velocity at which they move. Daltoti 
discovered a new world for science, and 
thought it an indivisible whole ; it has 
remained for the scientists of the twentieth 
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century to penetrate and explore that 
uorld, and to prove that it comprises a 
terming system of lesser worlds. But Dalton 
led us*o the starting-point. 

His investigations were carried out with 
the most primitive, rough-and-ready imple- 
ments, mainly of his own fashioning ; 
those of Lord Rayleigh are refined examples 
,,t precision by contrast. Dalton was not a 
filled experimentalist, and did not make 
the best of even such tools as he possessed, 
hut his unwearying application, his unfail- 
ing memory, and his careful systematising 
enabled him to triumph over difficulties 
which to a less extraordinary man would 
have been insurmountable. He had im- 
mense faith in his own work and results, 
and little for those of his contemporaries, yet 
he cherished the friendship of many of the 
great men of his age. Until late in life he 
submitted to the drudgery of teaching, 
and rather than sacrifice his independence 
of action refused a home and £400 a year. 
11 c was eventually granted a Government 
pension of £300 a year, and honours were 
poured upon him by the learned bodies. 

A regular attendant at the meetings of 
the British Association, he attracted much 
attention one year by wearing throughout 
the week the flaming red robe of the D.C.L., 
which degree was bestowed upon him in 
1832. He was the only member of the 
Association to appear thus garbed. He was 
equally conspicuous when presented at 
Court a couple of years later. As a Quaker, 
he refused to carry a sword, so was allowed 
tn attend in his scarlet robes. The fact is 
that to Dalton the red robe was of the same 
colour as grass, and lie was quite unconscious 
ol the sensation that his flaring equipment 
aroused in thee free from his limitations. 

Towards the close of his life the little 
family property became his, so that his 
days closed in what, for a man of such 
modest requirements, were affluent circum- 
stances. He had “ never found time to 
marry,” lie said, and lived on the poorest 
fare, with no expensive tastes and practically 
110 recreations. 

Towards the end he displayed certain 
little eccentricities which are now taken 
as indicating that his mighty mind was on 
die wane. Thus, conceiving a liking for 
Lyon Playfair, whom he heard lecture in 
Manchester, he said, “ 1 am anxious to 
present you with a copy of all my works, 
if you will give me a copy of yours.” The 
young scientist, who loved the venerable* 
seer, modestly rcpliec^that he had published 
but little, anij that of \rnall value. 


“ However,” says Playfair, " he insisted 
that I should put an appraisement on what 
I had to give; and hand over the difference, 
in money, which amounted, I think, to a 
little over twenty shillings. I gladly paid 
this amount, and now possess the works of 
the greatest of English chemists, with a 
record in each volume that they had been 
presented to me as his friend.” 

Year after year, when the votes for 
the presidency of the Manchester Philo- 
sophical Society came to be examined, it 
was invariably found that all save one 
favoured Dalton. The one adverse vote 
was that of Dalton himself, whose suffrage, 
year after year, was cast for his friend 
Peter Clare, the man who devotedly 
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ministered to his wants during his declining 
years and infirmities. But on the last 
occasion that the ballot was taken during 
Dalton’s lifetime it was discovered that 
he had recorded his vote in favour of 
electing to the presidency the doorkeeper ! 

He died at Manchester, on July 27, 1844. 
His body lay in state at the Town Hall, and 
in four days over forty thousand persons 
defiled past the coffin. His funeral was as 
that of a monarch. Playfair made a post- 
mortem examination of one of his old 
friend’s eyes, and found that chrome-green 
and scarlet, the colours which he had been 
unable to distinguish, appeared in their 
natural tones when examined with the 
defective eye intervening. 
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SIR HUMPHRY DAVY 
Who Brought Science to the Man in the Street 

Humphry Davy was born* at Penzance 
on December 17, 1778. Although he used 
proudly at one time to say, “ What I am I 
made myself/* he was better born than most 
self-made men. His father, though a wood- 
carver by calling, had some means, and 
came of an old family. Moreover, there 
was a fairy godfather in John Tonkin, a 
prosperous surgeon of Penzance, whose 
fatherly affection for Mrs. Davy and her 
sisters extended to her children also. 

At school Davy was a somewhat wayward 
genius, inapt to learn set lessons, but the 
hero of his fellows, whom he entertained 
with stories and poems without end. Then 
there was the Quaker counsellor, one Robert 
Dunkin, who followed saddlery with his 
fingers, but science with his whole heart, 
and initiated the bright and amiable little 
Humphry into the mysteries of the voltaic 
pile, the Leyden jar, and various electrical 
machines, and showed him experiments 
which Davy, when the foremost scientific 
lecturer of his day, was proud to repeat in 
the presence of his most distinguished 
audiences. Loquacious, lovable Robert 
Dunkin undoubtedly was the father-in- 
science of the man who was to revolutionise 
the philosophic thought of his age. 

Davy was only sixteen when his father 
died, and Tonkin apprenticed him to an 
apothecary, intending that he should 
eventually become a surgeon. It was in 
the garret of John Rorlase’s little shop that 
Davy began the experiments which were 
to immortalise him. With the pots and pans 
of the kitchen, the phials and drugs of the 
shop, he fashioned his first apparatus ; 
and an old air-pump, given him by the 
surgeon of a wrecked French vessel, served 
to unbar the portals of pneumatic chemistry. 
He falsified current prophecies by not 
blowing up his employer’s family, made 
small progress in the business side of 
pharmacy, but substantially extended his 
knowledge of science, llis power of observa- 
tion and following up a clue is exemplified 
by two interesting instances. 

In the first a child asked him why it was 
that two pieces of “ bonnet cane/* when 
rubbed together, produced a faint light. 
The youth made an experiment, and was 
led to the discovery of the siliceous earth 
in the epidermis of canes, reeds, and 
grasses. And years later, in one of his 
brilliant lectures on agricultural chemistry, 
he repeated his experiment in London, and 
told how he was brought by a little child 
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to the knowledge. In the second he was 
debating some point as to the qualities of 
heat, and Dunkin was against him. 

" Humphry/* said the worthy Quaker, 
“ thou art the most quibbling hand at a 
dispute I ever met with in my life l ** For 
answer Davy led him to the river, and 
showed him how two pieces of ice, on being 
rubbed together, developed sufficient heat 
to cause them to melt, and that, the 
friction ceasing, the pieces became united 
by what is termed regelation — i.e., a re- 
congealing even in a warm atmosphere. 
■ The same experiment was repeated years 
later, in a more elaborate fopn, at the 
Royal Institution, where it caused a 
sensation in a fashionable audience. 

Davy had the good fortune to make 
friends of persons of influence at Penzance, 
visitors and residents ; and when Dr. 
Thomas Beddoes established at Clifton his 
pneumatic institute for the cure of diseases 
by the inhalation of gases, Davy, aged 
twenty, went, much against Tonkin*s will, as 
his assistant. Here he had an opportunity 
of studying in the well-equipped library of 
Beddoes, and of meeting many distinguished 
people. Experimenting with the then little* 
known nitrous oxide, or “ laughing gas,” 
he wrote, in 1800, of the power of the gas 
to ease pain, and predicted its use in the 
performance of surgical operations. Forty- 
four years elapsed before Horace Wells, of 
Hartford, Connecticut, took the hint, and 
first drew a tooth with nitrous oxide as an 
anaesthetic. Davy had already published 
his first scries of observations on “ Re- 
searches, Chemical and Philosophical,*’ and 
this highly suggestive and original work, 
coupled with private recommendations, led 
to his appointment as assistant lecturer 
and director of the chemical laboratory at 
the Royal Institution. 

He gained immediate success. His 
lectures and novel experiments attracted 
audiences such as no scientific lecturer had 
ever previously addressed, and he was 
quickly promoted to the foremost position 
at the Institution. Having at his disposal 
one of the best electric batteries then 
existing, he began the famous investigations 
which resulted in the epochal discovery 
that the alkalies and earths are compound 
substances formed by oxygen united with 
metallic bases. Proceeding from the in- 
vestigations of Galvani, Volta, and others, 
he sought to prove that if the poles of a 
sufficiently powerful battery were brought 
to bear upon any chemical compound, tlu 1 
components might be separated. The superb 
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was a non-conduAtor of heat, its employ- 
ment led up to his crowning achievement 
of obtaining hydrogen in the liquid state ; 
but, owing to the want of interest in science 
that is characteristic of British manu- 
facturers, it was left to a German firm to 
exploit in a commercial way the wonderful 
Dewar flask. 

Sir James Dewar was only interested 
in the scientific use of his flask. It enabled 
him to tackle the problem of liquefying 
hydrogen, which is, next to helium, the 
most elusive of all gases. The expenses 
of the experiment were very heavy, and 
were generously borne by the late Dr. 
Ludwig Mond. In a series of difficult and 
dangerous experiments the temperature 
was brought down to minus 258 degrees, 
and the gas then became transformed into 
a solid resembling frozen foam. This was 
again cooled by further exhaustion to 
minus 260 degrees, which was the lowest 
steady temperature that had ever been 
reached on this earth. At this extreme 
coldness ordinary air becomes a rigid, 
inert solid. Every gaseous substance but 
one, helium, that is at present known to 
chemists is solidified. As Sir James Dewar 
remarked, “ As we approach the zero point 
of absolute temperature, we seem to be 
nearing what I can only call the death of 
matter.” The existence of this strange 
condition of things is indicated by the 
regular diminishing volume of gases, and 
the gradual falling off in the resistance 
offered by metals to the passage, through 
them of electricity. 

After his success with hydrogen, m Sir 
James in iqoh tackled the last problem 
in tlicliqueliration of gases, and took up the 
study of helium. This gas is given off by 
the King’s Well at Bath, and here the 
famous chemist arranged to accumulate 
it. But when two years’ supply had been 
gathered in a glass vacuum vessel the 
vessel collapsed, and Sir James had to begiiT 
all his experiments over again. But though 
his researches were incomplete he was able 
to predict the probable properties of liquid 
helium. Ilis prediction has been closely 
verified by Professor Onnes, the Director of 
the Physical Laboratory at Leyden, who 
has succeeded in producing liquid helium. 

In 1875 Sir James Dewar was appointed 
Jacksonian Professor of Natural Experi- 
mental Philosophy at Cambridge, and two 
years afterwards he was made Fullerian 
Professor of Chemistry to the Royal Insti- 
tution; he is also Director of 1 he Davy- 
Paraday Research Laboratory. In con- 
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junction with Professor Moissan, he has 
produced fluid fluorine, and he was the first 
man to study the important subject of the 
oxidation products of quinoline. * He is 
a man of middle height and impressive 
appearance, with a strong, clear-cut face and 
deep-set eyes. In private life he is well 
known as a collector of work's of art, and 
his library is famous for its rare and 
interesting books. He was knighted in 1904. 

MICHAEL FARADAY 
The Founder of Electrical Science 

Michael Faraday was born at Newington 
Butts, London, on September 22, 1701. 
His father, a Yorkshireman, was a black- 
smith of limited means, and Michael began 
his career, at twelve years of age, as an 
errand boy in the service of one Ribcau, a 
bookseller, who bought up odd lots from 
printers and bound or rebound them for 
sale. At the end of the year Faraday had 
so well pleased his kindly employer that 
Ribcau took him as apprentice, without 
premium. Here he remained until he was 
twenty-one, reading, experimenting in elec- 
tricity with home-made apparatus, attend- 
ing popular lectures by the lesser men of bis 
time, cultivating valuable private friend- 
ships, and laying the foundations not only 
of his wonderful intellectual equipment 
but of that beautiful character which 
endeared him to so wide a circle. 

His career may be said to have turned 
upon a pretty accident. When Faraday 
was in his twenty-first year, one of his 
master’s customers, who happened to be a 
member of the Royal Institution,. called at 
the shop, and found the young man poring 
over an article on electricity contained in 
an encyclopaedia which he was binding. 
The visitor, ascertaining from Ribeau some- 
thing of the industrious apprentice’s char- 
acter and habits, gave the lad tickets for the 
last four of a series of lectures which Davy 
was delivering at the Royal Institution. 
Faraday was present at the lectures, and has 
given us the story of the sequel. “ I took 
notes, and afterwards wrote them out more 
fairly in a quarto volume. My desire to 
escape from trade, which I thought vicious 
and selfish, and to enter the service of 
science, which 1 imagined made its pur- 
suers amiable and liberal, induced me at # 
last to take the bold step of writing to Sir 
Humphry Davy, expressing my wishes ana 
a hope that, if an opportunity came in to- 
way, he would favour my views. At the 
same time I sent the notes I had taken 01 
his lectures.” The effect was sensational* 
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Davy, who was just starting for a holiday, 
carefully considered his disciple's notes, 
realised that their writer had an excep- 
lional grip of his subject, and promised to 
^ec him later. And it all happened in the 
manner of the fairy story. Faraday was 
getting into his humble bed one night 
when there was a thundering knock at the 
door, and, lo ! the splendid carriage of Davy 
was discovered in the street. A servant in 
livery handed the apprentice a note, bidding 
him wait upon the great man next morning. 

At the interview, Davy, after mentioning 
all the obstacles in the way of a scientific 
career, gladly took up the young man’s 
rau.se, and in due season engaged him as 


the menial aspect of his position, so that 
at one place where they stayed Faraday 
was given his meals with the grooms. Upon 
returning to London, Faraday plunged 
into new and unsounded deeps of science. 
Having already made a number of important 
discoveries in chemistry in conjunction with 
and for Davy, he succeeded the latter 
upon his retirement, in 1827, at the Royal 
Institution, with which, all told, he was 
connected for fifty-four years. 

He refused the Presidency of the Royal 
Society and that of the Royal Institution, 
and avoided all titular distinctions save 
that of D.C.L. ; he refused what might 
have been a fortune in 'commercial pursuits, 
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assistant at twenty-five shillings a week. 

1 lie transaction was one which did credit 
to Davy’s discernment as well as to his 
generous nature, and, with all sincerity, he 
^ful in after life, when congratulated on his 
immense achievements, “ My best discovery 
was— Michael Faraday." 

. f araday soon caine to assist his master 
|n his lectures ; shared the perils of the 
laboratory when Davy was conducting his 
I»)ch-marking discoveries ; lectured in that 
°. sser world in which he had himself gained 
ms alphabet of science ; then, when Davy ’ 
UOn t abroad, accompanied him, as aman- 
jiensis, valet, secretary. Lady Davy be- 
haved very badly to Faraday, emphasising 


and at first declined a pension offered in 
contemptuous terms by Melbourne, whose 
attitude was typical of the low esteem in 
which science and learning were held by the 
ignorant and intolerant governing classes 
of the age. When, however, Melbourne 
realised that he had a really great and 
noble man, as well as a mere scientist, to 
deal with, he apologised in the handsomest 
way, and made it possible for Faraday to 
accept a Civil List pension of £300 a year, 
to which in due course was added the 
tcnanc}' of a house at Hampton Court. 

Faraday married at thirty a charming, 
helpful woman, and it was his wife to whom 
he first showed his successful experiment in 
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causing the magnetic- needle to revolve 
round an electric current. Faraday’s 
labours range over a great part of the 
domain of chemistry, electricity and 
magnetism. He kept a record of his ex- 
perimental researches, each numbered. The 
last is numbered 16,041. From his work 
resulted the electric telegraph and telephone, 
and a myriad applications of electricity 
and electro-magnetism which today are 
among the greatest driving forces of 
civilised communities. His experiments 
with chlorine crowned the work of Davy, 
and presented a gift of incalculable riches 
to our textile industries. He was among 
the pioneers in the creation of steel alloys, 
and from one of his first successes caused a 
razor to be made which Tyndall used to 
the end of his days. His study of optics 
paved the way to great improvements 
in the manufacture of glass and in the 
illuminating of lighthouses. Photography 
is traceable to his investigation of the 
vaporisation of mercury at an even temper- 
ature ; his liquefaction of gases lias been 
fruitful of many subsequent discoveries. 
Acoustics, the conservation of forces, the 
application of induced electricity to the 
firing of mines, lighthouses, telegraphy, etc. ; 
the electro-tonic composition of matter, the 
identity of various forms of electricity, 
whether from an eel or a battery ; the 
equivalents in electro-chemical decompo- 
sition, electro-static induction, hydro- 
electricity, magnetic rotary polarisation, 
and so on through an almost inexhaustible 
list- these are among the discoveries that 
make his name immortal, and his labours t lie 
foundation of electrical science. 

Faraday was not only a great and success- 
ful discoverer in the untrodden ways of 
science ; he carried a vast host of discern- 
ing disciples with him. He inspired with 
zeal and ardour a generation which worthily 
carried on the work that he had begun. He 
had the supreme gift of making the dry 
bones of science live. His lectures to the 
uninitiated were models of lucidity and 
charm. Without offending the intelligence 
of an audience, he remembered that they 
werc not laboratory experts, and in 
language which all could understand, and 
high scientists not despise, lie would tell the 
startling story of some new and revolution- 
ary discovery with complete simplicity and 
directness. This characteristic greatly en- 
hanced the value of his own work. He 
made the teachings of other men plain 
and attractive ; he explained his own dis- 
coveries in terms which riveted the attention 
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of all who heard him. His lectures, though 
designed to appeal to the intelligence oi 
the unscientific, were always characterised 
by a simple dignity and beauty of language, 
often reaching real eloquence, so that a 
hundred records, from orators, scientists, 
artists, men of the world, attest the success 
of those wonderful seances at the Royal 
Institution. 

Some of his lectures, such as that on the 
chemistry of a candle, still sell, and remain 
models of what the scientific lecture should 
be, and his volume on chemical manipulation 
is still a classic. “ I thank God that I was 
not made a dexterous manipulator, for 
the most important of my discoveries have 
been suggested to me by failures,” said 
Davy. Faraday might-have returned thanks 
that he was born a dexterous manipu- 
lator, for had it not been for the exquisite 
delicacy of his experiments the world might 
have had to wait indefinitely for inventions 
which are now an indispensable aid to the 
affairs of everyday life. 

In private life Faraday was gentle, 
affectionate, charitable, trustful yet discern- 
ing, ail unswerving friend, a very present 
help in trouble to those still struggling up 
the ladder of learning. He once summed up 
his career in these words : “ I am no 

discoverer, but simply one of a vast crowd 
of workers scattered over the earth, who in 
the providence of God are invested with 
some portion of the Divine afflatus, and 
appointed to show forth His mercy and 
loving-kindness in conferring fresh benefits 
on His people ; the varied merits of such 
agents being evinced in the comparative 
zeal and self-sacrifice with which they 
carried out the mission entrusted to them.” 
His biographer adds — “ Faraday was one 
of that long line of scientific men, beginning 
with the savants of the East, who brought 
to the Redeemer the gold, frankincense, and 
myrrh of their adoration.” Faraday died at 
Hampton Court on August 25, 1867. 

EMIL FISCHER 
A Great Constructive Chemist 

Emil Fischer, one of the greatest of 
living chemists, was bom in Euskirchen, in 
Rhenish Prussia, on October 9, 1852. H e 
was educated at Bonn, and studied 
chemistry at Strassburg ; then he acted as 
assistant to Baeyer at Munich for eight 
years. At twenty-three he made his first 
discovery of a new compound of hydrogen 
and nitrogen, known as hydraxine, wide* 1 
proved to be of great practical importance* 
Later, he showed that Sir William H. 



GROUP 6— SEARCHERS OF MATTER AND ENERGY 


Vi kin's coal-tar dye, magenta, was derived 
1()i ii the base he discovered, and he also 
01 md the parent substance of indigo. In all 
l,is work he only trod in the well-beaten 
)a t K of research of his master, Baeyer. But 
n 1881 he became more original, and from 
his date his contributions to chemistry 
no unique in extent, character, and 
completeness. The main significance of his 
Aork is its relation to the processes of living 
bodies — a subject of ever-increasing interest. 

In an arid and sterile period in physio- 
logical chemistry, he turned the force of 
his genius to the making of substances 
inlimately connected with the processes of 
life. By 1883 he had taken up the waste 
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product of living bodies, urea, and had 
shown how it was built up and related to 
the stimulating principle in tea and coffee 
and cocoa. Then, by a remarkable skill in 
creation, he manufactured from uric acid 
the caffeine of tea and cocoa, and the theo- 
bromine in cocoa-beans and kola-nuts. He 
next attacked the sugars, and showed of 
"hat they were made, and in many cases 
made them in his laboratory. 

On the death of Hofmann he was 
appointed Professor of Chemistry and 
director of the Laboratory at the University 
°; « cr Iin. Here, since 1892, he has worked 
nt the head of a brilliant troop of assistants, 
drawn by his fame^ from all parts of the * 
world, and including ipany young English 
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and Scottish men of science. The most 
difficult and the most interesting of all 
branches of chemistry has engaged his 
attention. This is the chemistry of the 
albumins, or proteins, which are colourless 
substances composing the solid constituents 
of animal tissues, and the secretions • of 
animal and plant cells and other products 
of life. They play a most essential part in 
the world of living matter, and they are the 
most complex of substances. 

In 1889 Fischer succeded in breaking 
some of these albumin substances into 
simple amino acids, which are compounds 
of ammonia. The remarkable thing about 
Fischer’s work is that he usually proves 
that his analysis of a substance is correct 
by taking the elements he has found in it 
and building up an artificial product 
similar to or identical with the natural pro- 
duct. This he has done in the case of the 
albumins or proteins. In 1910 he was able 
to show the German Emperor a small 
amount of synthetic protein which could be 
used as food. It was the most complicated 
substance ever evolved by synthesis. The 
materials for it cost /50, and if the labour 
expended on it had also been counted its 
price would have been still more extra- 
ordinary. It has not yet made its appear- 
ance at the dinner-table ! But though to- 
day it is nothing but a chemical curiosity, 
tomorrow it may be of the greatest value. 
For though it is simple in structure when 
compared with the white of an ordinary egg, 
it solves the mystery of the most complex 
forms of living matter. Emil Fischer himself 
considers that the synthesis of all the pro- 
teins is only a question of trouble and cost. 

Owing to Fischer, chemistry has now 
become an important factor in the solutions 
of the great riddles of life — nourishment, 
growth, reproduction, heredity, age, and 
disease. He has made out of ammonia the 
uric substances found in the muscles of the 
body and in the nuclei of living cells. He 
has laid bare the structure of sugars and 
starches, which are among the most impor- 
tant foods of man, and he has succeeded in 
creating these things by artificial means ; 
and now he has attacked the proteins of 
animal tissue. In 1912 he took up the 
study of the tannins, which were one of the 
mysteries of modern science. For sixty 
years chemists have been trying to find out 
their structure, but without success. Fischer 
has discovered that by combining glucose 
with a certain kind of gallic chloride he can 
obtain a compound with all the properties 
of the tannins. So. synthetic tannin, of 
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considerable commercial importance, may 
soon be added to the achievements of the 
Berlin School of Chemistry. 

At the present time Emil Fischer is trying 
to solve the ultimate secret of the processes 
of living bodies. By a peculiar chemical 
power, living matter can quickly and easily 
break up gases of the air and foodstuffs into 
simpler substances. Things that take a 
chemist a long time to perform arc effected 
instantaneously in the living body. This is 
done by means of small amounts of curious 
chemicals produced by the tissues and 
known as enzymes. At present they cannot 
be imitated in a chemist’s laboratory, but 
Fischer has already found that they are 
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related to more simple substances. If ever 
enzymes and similar powerfully small agents 
can be manufactured cheaply in chemical 
works, a new and mighty kind of force will 
be placed at the service of mankind. 

LUIGI GALVANI 
The Discoverer of Animal Magnetism 

Luigi Galvani was the luckiest of all 
famous men of science. Bv the purest 
accident he discovered the principle of the 
galvanic, battery, and, though he could not 
understand his own discovery, another 
Italian man of science was able to bring out 
its high importance. Galvani was born at 
Bologna on September 9, 1737. In his 
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early youth lie devoted himself with passion 
to the study of theology, with the intention 
of becoming a monk. With the greatest 
difficulty his father prevented him .from 
entering the monastery. It was only by 
pointing out to him that the work of a doctor 
was a more noble way of sacrificing one’s self 
to the cause of suffering humanity that the 
lad was turned from the path of life he first 
wished to follow. He threw himself into 
the study of medicine with the same intense 
energy with which he had taken up theology, 
and in early manhood he became one of the 
most brilliant surgeons of his time. By a 
treatise on the formation of bones he won, 
in 1762, the professorship of anatomy in the 
university of his native town. 

Twenty-four years passed before the 
merest hazard led him to the discovery oj 
galvanism. His wife was attacked by a 
disease of the chest, and to maintain hei 
strength she was fed on a broth of frogs' 
legs. Galvani, who loved his wife with deq 
and burning affection, always put all lib 
work aside in order to prepare a broth will 
his own hands. One morning he bad placet 
on his laboratory table, close to an clcctrica 
machine, some dead skinned frogs, and ; 
line knife that he used in his anatomica 
researches rested on one of the little crea- 
tures. He left the room without noticing 
anything, but his wife entered, and \v;e 
surprised to see the limbs of one of tin 
frogs moving in a strange, convulsive 
manner. Instead of being frightened, sin 
tried to find out the cause of this apparem 
miraculous return to life of a dead frog 
With great sagacity she traced it to tin 
current produced by the electrical machine 
She ran and told her husband, and be ai 
once verified her brilliant idea. He luit 
the point of the knife on the nerves of urn 
irog after another, while the clectrica 
machine was not working, and the curioU' 
contraction of the muscles of the deal 
creatures did not occur. But as soon i 
current of electricity was generated in tin 
machine the current seemed to pass througl 
the surgical knife and affect the nerves o 
the dead frogs. 

Galvani wondered if a discharge 0 
lightning would produce the same effect 01 
the legs of a dead frog. Waiting till then 
was a feeling of thunder in the air, he ran '< 
copper skewer through the frog’s legs ant 
suspended them to an iron railing on tin 
balcony of his house. As soon as the copp el 
touched the iron, the strange convulsive 
twitchings of the tiny dead limbs agatf 
recurred. Much to his surprise, Galvan: 
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^covered that the extraordinary effect 
nuld be produced in any weather and at 
in v time of the day. As soon as the copper 
.kewer was fixed in the iron railings the 
[i, )s r’s legs seemed to come alive. 

He arrived at the conclusion that all 
ininials were endowed with a particular 
electricity which was secreted by the brain 
;ind distributed by the nervous system to 
l he body, where the muscles acted as 
reservoirs of the strange force. He was 
quite wrong in his theory of the matter. 
Hie electricity did not reside in the animal 
tissue, but was produced by the contact of 
the copper skewer and the iron railing. The 
famous anatomist merely created a primitive 
kind of electric battery out of copper and 
>n and moist animal tissue. But though 
^ ideas were incorrect, his experiments 
icncd up a large, new, and important field 
electrical science. The only way known 
his contemporaries of producing an elec- 
ic current was by friction, and it was a 
ction machine that the professor used in 
s laboratory. 

But his experiment with a frog’s leg, a 
ipper skewer, and an iron railing showed 
at electricity could be generated with 
sc and abundance through the chemical 
action of various forms of matter. Thus 
new source of energy was discovered; 
id we are not yet able to tell fully 
nit effect it may have on the destinies 
the human race. 

It is far more economical to use an 
jctric battery in exploiting the energy 
various substances than to attempt 
extract power from them by the appli- 
tion of heat. If sonic way were found 
using our coal in a battery instead 
in a lire or furnace, a mighty advance 
>nld be made in all kinds of industries, 
id though this has not yet been done 
an entirely practical way, yet the lucky 
perinient of Galvani may some day 
developed into an achievement of 
'mendous importance. 

Galvani lost his professorship at Bologna 
ien Napoleon invaded Italy. He was 
bed to swear allegiance to the new 
s alpinc Republic, and he would not do so. 

» great was his fame that a special edict 
ls published by the Government restoring 
in to his position without asking him to 
ko a p oath, but the edict appeared too 
Ihe death of his beloved wife, and the 
■v^rty and trouble into which he fell, 
Ppcd his vitality, and he died in his native 
wn, amid general regret, on December 4, 
9 N a broken-hearted man. 


JOSEPH LOUIS GAY-LUSSAC 
Discoverer of the ” Law of Volumes " 

Joseph Louis Gay-Lussac, one of the 
master-builders of modern science, was born 
on December 6, 1778, in the little town 
of Saint-Leonard-le-Noblat, in Limousin, 
France. His father was a judge, and but 
for the Great Revolution the son would no 
doubt have been in turn a well-to-do legal 
dignitary. But when the French people 
rose against their king the provincial 
judge was thrown into the prison into which 
he had sent many men, and in the days of 
the “ Terror ” an order was made for him 
to be brought to Paris to be tried and 
guillotined. The fact that he had been an 
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officer of the Crown was sufficient to con- 
demn him. But Joseph, then but a brilliant 
boy of fifteen, so worked upon the good 
feelings of the governor of the gaol that the 
judge, who had in the days -of his power 
made himself respected by his kindness, was 
allowed to remain in the prison of the little 
town, forgotten by the Terrorists of Paris. 

He was set free at last ; and though he had 
lost his position and his wealth he managed 
to send his son to school at Paris in 1795, 
and after the school was broken up young 
Gay-Lussac entered the famous Polytechnic 
.School. To diminish the sacrifice his father 
had to make to get money for his education, 
the lad worked at night on his own studies, 
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and spent all his leisure hours in the daytime he had brought up with him a . rather 
in giving lessons to younger boys. In this painful operation. No one before him had 
way he managed to save his impoverished reached so great a height, and no later 
family some expense, so that sufficient explorer of the air has been able to mount 
money remained for his brother to study for as high without great bodily trouble. The 
a medical career. Naturally, Joseph had to ease with which he made his record is still 
work very hard, and there was some danger a matter of wonder. He collected some air 
of his health giving way through want of at bis extraordinary elevation, and on 
rest and sleep. On the other hand, the analysing it after his descent he found it 
difficulties of his position gave him an was composed in the same manner as that 
impetus to study that few other boys collected at the surface of the earth. His 
possessed, and in three years he had become great discovery was in regard to the amount 
an excellent engineer, with a passion for of heat in the air. For he found that the 
chemistry. He left the school with the career temperature diminished rapidly and with 
of a bridge-builder open to him, but he had apparent regularity the higher he ascended, 
happily attracted the notice of the famous It is only lately that his law of the diminution 
chemist Berthollet, who offered him a of temperature above the earth has been 
position in his laboratory. Naturally, Gay- checked and extended by means of un- 
Lussac jumped at it, lor Berthollet was a manned balloons fitted with self-registering 
friend of Napoleon, and the leading chemist thermometers. Altogether his daring and 
of the age, and he had a splendid collection magnificent balloon ascent was a remarkable 
of chemical instruments. and valuable piece of work. 

Gay-Lussac at once showed a remarkable Returning to the study of gases, Gay- 
talent for chemistry, and Berthollet, glad to Lussac became one of the most famous of 
find that the lonely, hard-working young the master-builders of chemical science by 
man had more knowledge and skill than an apparently simple study of the way in 
even he had fancied, obtained for him the which oxygen and nitrogen combined to- 
position of assistant professor in the Poly- get her. It was related to the problem of 
technic School. In a few months the young weighing the atoms of compound substances; 
man had distinguished himself by his dis- and when Dalton's theory was altered and 
covcrics and by his gift for teaching others, simplified by the famous Italian chemist 
He look up the study of the law of gases, Professor Avogadro, the discovery of G av- 
ail d showed that the volume of a gas in Lussac's law of volumes became of extreme 
creases at an ascertained and .definite rate importance. It is only within the last 
with the rise in temperature. thirty years or so that the true meaning 

- Ilis work on gases attracted the notice of of the facts established by Gay-Lussac and 
other French men of science, and on April 2, the interpretation given by Avogadro have 
1804, they entrusted him with a very been generally recognised ; and much of the 
exciting and adventurous piece of research, modern advance in chemistry has been due 
Some Russian balloonists had taken observa- to that recognition. 

tions high in the air that seemed to show In 1809 Gay-Lussac was made Professor 
that the influence of the earth's magnetism of Chemistry at the Polytechnic School, 
rapidly diminished at a groat height above Seeing a girl in a milliner's shop with 
the ground. Gay-Lussac and another young a book of chemistry in her hand, he re- 
man were sent up in a balloon, provided solved to marry her, and he did so. In the 
with the necessary instruments for studying course of a long and happy life he further 
this curious problem. Ihcv ascended to a distinguished himself by discovering iodine 
height of 13,000 feet, and found that the and cyanogen and prussic acid. He was 
magnetic needle there behaved exactly as made a peer of France in 1839, and ,1C 
it did on the surface of the earth. But was generally recognised as one of tlifr 
Gay-Lussac was now carried away by the greatest of scientific authorities for many 
love of scientific adventure ; he wanted to years before his death, on May 9, 1850. 
explore the air at heights unreached by man. 

He set out alone on September 16, 1804, william gilbert 

on another balloon voyage. He rose over The Greatest Scientist of Elizabethan Times 

23,000 feet, .md though his breathing at William Gilbert, the father of the sciences 

this height was somewhat troubled he was of magnetism and electricity, was the son 
far fiom feeling any disagreeable sickness, of a Recorder of Colchester, at which town 
But he found the air so dry that it acted on he was born on May 24, 1544. Little i* 
his throat, and made the eating of the bread known of his boyhood, but at eighteen 
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matriculated at St. John's, Cambridge, 
where he remained for seven years. At 
i wvnty-one he was elected a Fellow of his 
, ,>llcge and examiner in mathematics. But 
,, quiet life of study and teaching did not 
attract him. He had the Elizabethan 
passion for freedom and excitement of life, 
and, taking up the study of medicine as 
a means of existence, he won his doctor’s 
degree in 1569, and then spent three years 
in foreign travel. Italy appealed most 
to him, for there he found groups of 
I a r- ranging, earnest inquirers into those 
mysteries of Nature on which it was the 
passion of his life to cast some new light. 

Returning to London in 1573, he showed 
himself an able physician, and soon worked 
up a good practice. He became President 
nf the College of Physicians, and both 
Otieen Elizabeth and King James appointed 
him their doctor. But, in spite of his 
success in the study and practice of medi- 
1 ine, (filbert only regarded his calling as a 
means to an end. It supplied him with the 
money he needed for other work, and the 
social position he won brought him into 
contact with Sir Francis Drake, the repre- 
sentative of the class of men who most 
interested him. Drake especially was able 
to help him by studying the curious be- 
ll, iviour of the compass when his ship was 
sailing through distant seas ; the observa- 
tions that the great English sailor made 
in the matter were of considerable assist- 
ance to the first great English man of science 
ol the modern school. 

At the time when Gilbert took up the 
s tudy of the mariner’s compass, the subject 
was more involved in mystery than it had 
ever been. Columbus had noticed, when 
two hundred leagues from Europe, the 
variation of the needle from the true 
north. And so had Cabot. Later on an 
knglishman, Robert Norman, discovered 
dial the needle had a tendency to dip 
according to the latitude in which the ship 
was that carried it. But nobody divined 
tlic reason for this strange behaviour of 
l,u ‘ compass. Some persons thought that 
die Pole star was an immense magnet that 
attracted the magnetic needle; others 
supposed there was an island or mountain 
() f magnetic ore in the Arctic regions, 
h 'wards which the needle pointed. It was 
? ai, l that when a ship approached this 
I'jcmd all the bolts and nails that held 
t,lr timbers together flew out, and the 
Vt M*1 fell in pieces. Some ancient doctors 
|i' ( d powdered magnets as a purge for 
1 '^ly, and even in Gilberts lifetime 


poultices were made out of ground lode- 
stones by Paracelsus. 

It was Gilbert who rescued the study of 
the magnet from the atmosphere of wild 
superstition and placed it on a scientific 
basis. From the observations that hi:= 
sailor friends made under his directions, 
he arrived at the grand fact that the 
behaviour of the compass was to be ex- 
plained on the theory that the earth itself 
was a great magnet. Then came the dis- 
covery by which he proved his theory. 
He placed a rod of iron pointing north and 
south, and hammered it so thal it became 
magnetised by the influence of the earth’s 
magnetism. After spending £500 on ex- 
periments of this kind, he sufficiently 
verified his theory to publish it in 1600 in 
his famous work 41 Dc Magnete." 

Besides solving the mystery of the 
magnet, this book contains a short digres- 
sion on the properties of amber. The 
Greek word for amber is 41 elektron,” and 
from it Gilbert derived his term for the 
strange property ‘ that amber possessed 
when it was rubbed— electricitas. It had 
been known for more than two thousand 
years that if a piece of amber were rubbed 
on a woollen cloth it would attract small 
pieces of straw or woody fibre. At a much 
later time it was found that jet, when 
rubbed, possessed the same power of 
attraction. That was all that was known 
about electricity when Gilbert was led to 
study it in connection with his experiments 
on magnetism. He jnade a light needle 
of metal, pivoted like a compass on a pin, 
and with this rough electroscope he tested 
the electrical properties of other substances, 
and found that many things besides amber 
and jet could be so electrified by friction 
as to make his needle move when brought 
close to it. He was the father of elec- 
tricity, but he left his child in its infancy. 

For he died on November 30, 1603, a few 
years after making his first experiments. 
He also founded a society for the pro- 
motion of science, but this unfortunately 
broke up on his death. As a man of science, 
working strictly on the inductive method, 
Gilbert was much superior to his famous 
contemporary and countryman, Bacon. 
Yet Bacon sneered at him as a man who had 
“ made a whole philosophy out of observa- 
tions on a loadstone.” He even accused 
Gilbert of creating fables. But there was one 
man in Europe who recognised at once the 
achievement and genius of the English 
doctor. “ I extremely admire and envy the 
author of * De Magnete,’ ” wrote Galileo. 
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GALILEO SHOWING TO JOHN MILTON THE MARKINGS ON THE MOON, AS SEEN THROUGH HIS NEW TELESCOPE 
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ASTRONOMERS 


KKANK WATSON DYSON— ASTRONOMER 
ROYAL AT GREENWICH 
JOHANN FRANZ ENCKE— A CALCULATOR 
OF PLANETARY ORBITS 
FUDOXUS— THE BRINGER OF ASTRONOMY 
FROM EGYPT TO GREECE 
JOHANN FABRICIUS— A STUDENT OF SUN- 
SPOTS 

JAMES FERGU1SON — THE SHEPHERD BOY 
WHO TAUGHT ASTRONOMY 
CAMILLE FLAMMARION — THE POPULAR 
ASTRONOMER OK FRANCE 

FRANK WATSON DYSON 
Astronomer Royal at Greenwich 

prank Watson Dyson, the present 
1* Astronomer Royal, was born at Ashby 
on January 8, 1868. His father was a 
Baptist minister of that town. Dyson was 
educated at Bradford Grammar School, and 
Trinity College, Cambridge. He graduated 
as Second Wrangler and Smith's Prizeman, 
and was made a Fellow of his college. In 
1894 he was appointed chief assistant at 
the Royal Observatory, Greenwich, where 
lie remained until his appointment, in 1905, 
as Astronomer Royal for Scotland. 

In 1901 a total eclipse of the sun in 
Sumatra drew many astronomical expedi- 
tions thither, the observers being posted at 
fifteen stations along the line of totality. 
Mr. Dyson was among these, his position 
being at Auer Gadang, and he was one of the 
lew who succeeded in securing photo- 
graphs of the corona, the meteorological 
conditions being extremely unfavourable. 
On his photographic plates the spectrum of 
the corona gave an impression continued 
farther into the ultra-violet than had 
ever before been obtained. Among other 
investigations carried out by Mr. Dyson 
may be mentioned those upon the sys- 
tematic motions of stars. 

After five years as Astronomer Royal for 
Scotland, Dyson was appointed to succeed 
Sir W. H. M. Christie, at Greenwich, as 
Astronomer Royal, in 1910. In the same 
vear he brought out a valuable text-book, 
“ Astronomy : A Handy Manual for 
Students and Others." w He has also 
written a large number of papers on 
mathematical and astronomical subjects. 

JOHANN FRANZ ENCKC 
A Calculator of Planetary Orbits 

Johann Franz Encke was born at 
damburg on September 23, 1791. His 
lather, a clergyman, died when the boy was. 
about five years old. His own leanings 


JOHN FLAMSTEED — THE FINDER OF 
TWENTY THOUSAND STARS 
OAL! LEO— DISCOVERER OF THE LAWS OF 
MOTION 

SIR DAVID GILL— THE SEARCHER OF THE 
SKIES FROM SOUTH AFRICA 
EDMUND HALLEY— PREDICTER OF COMETS 
AND MANAGER OF NEWTON 
SIR WILLIAM HAMILTON-WHO APPLIED 
MATHEMATICS TO ASTRONOMY 
SIR JOHN HERSCHEL— A TIRELESS 
‘•SWEEPER OF THE HEAVENS” 

were always towards mathematical studies, 
but, his mother becoming very ill in 1811, 
he decided to study medicine, as it offered a 
much better chance of remuneration. How- 
ever, his mother died the same year, and, 
reverting to his favourite mathematical 
studies, he proceeded to the University of 
Gottingen. Here, under Gauss, he became 
an enthusiastic astronomical computer. In 
1813 his studies were interrupted by the 
call for men to serve with the Hanseatic 
Legion in the war. Encke at once enrolled 
himself, and sprved at the front, becoming 
a lieutenant. He had returned in peace to 
Gauss and astronomy when Napoleon’s es- 
cape, in 1815, called all back to the standard, 
and he proceeded to Berlin. Here he met 
Bode, who remained his friend all his life. 

In 1816 Encke was appointed to the 
Seeborg Observatory as assistant to 
Lindenau, and from 1817 to 1818 was in 
charge of all the work of the observatory 
during Lindenau’s absence. In 1820 he 
was appointed vice-director, and in 1822 
director, at Seebcrg ; in 1825 he was made 
director of the Royal Observatory at 
Berlin as successor to Bode. 

Encke’s great work was the computation 
of cometary orbits, and other computations 
no less valuable to astronomical science. 
These were his delight, and in order to 
be free to devote himself to observation 
and calculation he refused three offered 
professorships —at Greifswald, Jena, and 
Marli. The most famous of his computa- 
tions was the orbit of the comet discovered 
by Pons in 1818, for which he determined 
an elliptical path occupying 3J years, and 
identified former appearances in 1805, *795* 
and 1786. These calculations made him 
famous, and the comet became known as 
Encke’s Comet. On each return after this, 
Encke predicted the time of perihelion 
passage, and found each time that the 
comet's pace had. accelerated somewhat, 
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from which fact he concluded the existence 
of a resisting medium in space. Many other 
cometary orbits were computed by him. 

Another important piece of work which 
Encke carried out was the computation of 
the sun’s distance much more exactly 
than it had been computed before. 

Greater accuracy lias since been obtained, 
but his results were of great value. They 
were derived from careful observation of 
the two transits of Venus in 1761 and 1769, 
and were published in a treatise, The 
Distance of the Sun.” He computed also 
the mass of Mercury and the movements 
of some of the asteroids. 

In 1864 Encke retired from the Berlin 
Observatory, his health being much im- 
paired. He lived a retired life at Span dan 
until August 26, 1865, when he died. 

EUDOXUS 

The Bringer of Astronomy from Egypt to Greece 

Eudoxus of Cnidus was born in that 
town about 400 n.c. He early imbibed 
the learning of his day in all its branches, 
including philosophy, medicine, astro- 
nomy, and mathematics. Astronomy he 
learnt from the priests of Heliopolis 
during a stay of about a ycai and a half in 
Egypt. On his return he founded in 
Cnidus a school and an observatory, and 
introduced to the Greeks the knowledge 
of the true length of the solar year, which 
had been known to the Egyptians for many 
hundreds of years. This length, 365} clays, 
was introduced into the Julian Calendar. 

Eudoxus is famous as the inventor of the 
theory of concentric spheres, by which he 
sought to reduce to harmony the compli- 
cated motions observed in sun, moon, and 
planets. This he did by ascribing to each 
body a set of concentric spheres, moving 
with uniform motions, the observed motion 
of the body being the resultant of these 
composites. To the sun he ascribed three, 
to the moon the same, and to each of the 
planets four of these spheres. His theory 
was adopted by Aristotle and many teachers, 
and more and more spheres were added as 
further complexities were discovered in 
the motions of the heavenly bodies. The 
resultant confusion of this imaginary ple- 
thora of spheres was swept away by the 
establishment of the Copernican system. 

Eudoxus is known to have made many 
observations of Canopus, and to have esti- 
mated the diameter of the sun in terms of 
the moon. This last he placed at the ridi- 
culously low estimate of nine times, but 
even that was an extraordinary advance on 
prevailing notions. 
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Eudoxus is credited with the invention 0 
an instrument for measuring time, whirl 
consisted of such a complicated network 0 
lines that it received the name of tin 
14 Spider.” He is known to have written f 
good many treatises on astronomical aiu 
other subjects ; two of these were cmbodu*< 
in poems by Aratus, and their substann 
has thus been preserved — the 44 Phenomena’ 
and the 44 Mirror,” the last dealing with tin 
constellations. Other fragments have beci 
preserved in the writings, of Hipparchus 
Attempts have been made to use tin 
writings thus transmitted secondhand t( 
compare the sky now with the sky then 
and there is no doubt that a remarkablt 
similarity is confirmed, though the indcli 
niteness of the early writers does not permr 
the comparison to be made in great detail. 

Aristotle has given us some idea of tin 
philosophical views of Eudoxus, whirl 
consisted chiefly in a belief in the supreme 
value of pleasure, without, however, au\ 
clear differentiation between pleasures 0 
higher and lower kind. Against this viev 
Aristotle argued, while paying a tribute U 
fhe sincerity with which Eudoxus advance! 
his opinions. Eudoxus is believed to havi 
died about 356 b.c. 

JOHANN FABRICIUS 
A Student of Sunspots 

Johann Fabricius was born at Osterla 
near Nor den, in East Frisia, his father 
David Fabricius, being pastor of that plan* 
David was himself an amateur astronoimi 
of considerable repute, and had spent sonu 
time as a young rnan at Uranienburg will 
Tycho Brahe. As a pastor, astronomy war 
still his recreation, and took up much of lm 
time ; and his son early imbibed this taste 
for observation. David Fabricius was too 
poor to buy astronomical instruments, but 
constructed several for himself, including a 
sextant and a quadrant ; and Johann as a 
young man learnt in Holland the art of 
telescope construction. In 1610 he turned 
his telescope upon the sun, and observed 
the phenomena of sunspots. The honour of 
their first discovery is claimed for him 
well as for Galileo ; it has also been claimed 
for Scheiner and Harriot. But, as Mr. 
Bryant points out, "the real credit lay wifh 
the telescope, so that the question of 
priority is of no importance.” Johann 
Fabricius, however, was the author of the 
first book dealing with sunspots. This \v;>* 
brought out in 1611. It was considered by 
Lalande of sufficient importance to be re- 
printed in a memoir of the French Academy 
of Sciences in 1778. 
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David Fabricius, the father, has no rival 
, the first discoverer of the famous and 
autiful variable star Mira Ceti, in 1596. 
The date of Johann’s death is not known, 
he only certain fact is that he was still 
ive in 16x7, the year of his father’s death, 
avid Fabricius was killed by a peasant 
horn lie had publicly rebuked as a thief. 

JAMES FERGUSON 
The Shepherd Lad who Taught Astronomy 

James Ferguson, the first successful 
)|)ular writer and lecturer upon astronomy, 
born on April 25, 1710, near Rothiemay, 
Banffshire. He was the son of a poor 
In mrer and small holder, taught himself to 
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mad, and had in all only three months* 
^booling. But from his earliest years he 
diowed extraordinary ingenuity in mechani- 
'al construction and in drawing. He served 
;is a shepherd boy and labourer in one place 
jdter another, but was always working in 
leisure hours at mechanical contrivances, 
and at night studied the stars with ever- 
increasing interest. This scientific bent, 
blether with his exceptional dexterity 
1,1 Rawing portraits with pen and ink, 
attracted the attention of his employers 
and their wealthy and fashionable friends ; 
and in 1734 Ferguson began to practise as 
j l } )( >rtrait-painter in Edinburgh. He fol- 
lowed that profession for twenty-six years. 
111 1 737 he moved to Inverness, married in 
x 7.19. and was again in Edinburgh in 1742,* 


constructing an orrery, or machine repre- 
senting the relative movements of the 
planets round the sun. The portraits were 
mere potboilers, and Ferguson*s chief 
interest was astronomy. 

Next year he went up to London, and 
soon established a large portrait connection. 
Having caught the attention of the Royal 
Society by a large diagram of the course of 
the moon, which he had discovered to be 
always concave to the sun, he read a paper 
to the society on the supposed seasons of 
Venus. His career as a popular lecturer in 
science began in 1748, and was pursued with 
unprecedented success for many years, not 
only in London, but also throughout the 
provinces. Astronomy was his principal 
though not his only subject, and he illus- 
trated the motions of celestial bodies, and 
the movements of the tides, by a great 
variety of machines which he had himself 
invented. His power as a scientific teacher 
was due not only to his ingenious apparatus, 
but also to a remarkable clearness of mind 
and language. 

Ferguson was the Sir Robert Ball, or the 
Camille Flammarion, of the eighteenth cen- 
tury. He was author of the first really 
popular astronomical book, entitled “ As- 
tronomy Explained on Sir Isaac Newton*s 
Principles,* * 1756. He wrote other works 
also, including “ A Plain Method of Deter- 
mining the Parallax of Venus by her Transit 
Over the Sun.** In 1761 he received a 
pension from George III., and died in 
London on November 16, 1776. 

CAMILLE FLAMMARION 
The Popular Astronomer of France 

Camille Flammarion was born at Mon- 
tigny-le-Roi, in the Department of Haute- 
Marne, on February 25, 1842. At first 
intended for the Church, he was educated 
at the Ecclesiastical Seminary at Langrcs, 
but the love of astronomy took hold of 
him, and he never seriously began his studies 
for the priesthood. At the age of sixteen he 
became assistant to Le Verrier, and re- 
mained four years at the Paris Observatory. 
He then qualified for a post in the Bureau 
des Longitudes by a year’s study in mathe- 
matics at the Sor bonne. From 1863 to 1 867 
he held this office, editing at the same 
time the journal “ Cosmos,” and from 1865 
the scientific section of the 11 Siecle.” 

In 1882 Flammarion founded the paper 
" L*Astronomie,” and in 1887 promoted 
the Soci6t6 Astronomique de France, of 
which he was the first president, and 
afterwards secretary. Since 1867 he has 
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delivered many lectures on astronomy, 
which are as interesting and popular as 
his books. His many writings are charac- 
terised by a fervid and highly coloured 
style. He is carried away by a kind of 
rapture in the contemplation of immensity, 
and of the insignificance of human destiny 
which that immensity conveys to him. 
His books owe their wide popularity partly 
to this literary quality, but also to their 
clear presentation of scientific facts. 

Camille Flammarion is an experienced 
practical astronomer. In 1883 he built his 
own observatory at Juvisy sur-Orge, where 
many observations of great value have 
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been made, llis most important work has 
been in connection with double stars, and 
with ‘‘star-drift," a phenomenon pointed 
out by Proctor, lit' has computed the 
periods of many binaries, and lias shown 
that many supposed double stars are merely 
optical pairs, lhese last formed a Jong 
list presented to the Trench Academy iii 
1878. Pet ween 1873 and 1S77 he' in- 
vestigated the motions of a great number 
of double stars in relation to the theory 
of star drift, or of systems formed by 
stars at a great distance apart, and the 
results were published, in 1878, in a" Cata- 
logue of .1 )ouble and Multiple Stars in 
( ertair Motion.” Other investigations have 
included variable stars, of which he coni- 


piled a comprehensive catalogue from the 
catalogues of all ages ; the planets Mars, 
Jupiter, and Saturn ; the moon ; and the 
aurora and other problems of terrestrial 
magnetism. His books include “Marvels 
of the Heavens,” “The Atmosphere,” 
“Omega, the Last Days of the World,” 
“Popular Astronomy,” “The Unknown,” 
and “Astronomy for Amateurs,” all <4 
which have been translated into English. 

JOHN FLAMSTEED 
Finder of Twenty Thousand Stars 

John Flamsteed, first British Astronomer 
Royal and author of a famous catalogue 
of the stars, was born at Denby, near 
Derby, on August 19, 1646. He was sent 
to school at Derby, but his education wun 
cut short at the age of sixteen bv severe 
rheumatism, for which many cures were 
tried in vain. Thus kept at home, lie 
took to the study of astronomy, poring 
over old books and making observations 
with a rude, home-made quadrant. Finding 
that the moment of an eclipse of the sun. 
which he observed in 1668, differed greatly 
from the time predicted, lie took up astro- 
nomical calculations, and in the following 
year a paper of his on that subject \va> 
published by the Royal Society in tlieii 
” Transactions.” In 167 o lie entered at 
Jesus College, Cambridge, and here came 
to know Newton. His observations of 
celestial bodies continued throughout lib 
undergraduate days, and were directed 
chiefly to the movements of the moon and 
the orbits of Jupiter’s satellites. 

Having graduated in 1674, be was placed 
on a commission to report upon a proposed 
method of finding the longitude at sea. 
and his work in this matter led to Jib 
appointment by . Charles IT., in 1675, as 
astronomical “ observator.” His instruc- 
tions were to study the motions of the 
heavens and the places of the fixed stars, 
with a view to perfecting the art of navi- 
gation. An observatory, designed by Sir 
Christopher Wren, was - built in Greenwich 
Park, and, having been ordained as a 
clergyman in 1675, Flamsteed took up hb 
work as Astronomer Royal in the following 
year, at tlic salary of £100 per annum. 

Flamsteed was a man of hot temper, 
and very difficult to get on with, but he 
was a scrupulous and hard worker. In 
the following thirteen years he determined 
the places of twenty thousand stars, work- 
ing with very poor instruments. His posi- 
tion was improved, however, in 1689, by 
the revenues of a living with which he had 
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been presented, and he was able to set up 
a mural arc of seven feet radius, with 
which more accurate work was possible. 

He was for long on very good terms 
with Halley, to whom he was of much 
assistance, but their relations were finally 
severed by a quarrel over the publication 
of Flamsteed’s observations. They were 
published in 1712, under the title of “ His- 
toria Coelestis,” and Flamsteed, who had not 
brought the work to the completeness 
which he desired, regarded this publication 
as an injustice to himself. An amended 
edition was printed later, part of it being 
finished before his death, on December 31, 
1719, and the rest being satisfactorily com- 
pleted afterwards by his assistant. 

GALILEO 

Discoverer of the Laws of Motion 

Galileo Galilei was horn at Pisa on 
February 18, 1564. He belonged to a noble 
family of Florence, whose original surname 
was Bona j ut i, but who took the name of 
Galilei in 1343. Members of this family 
had filled many honoured positions in the 
State, but Galileo’s father, Vincenzo de 
Bonajuti de Galilei, though a cultivated 
man, a musician, and mathematician, was 
very poor. He desired, therefore, that his 
son’s studies should be, unlike his own, in 
branches of learning which might prove 
materially remunerative, and Galileo, at 
seventeen years of age, was sent to the 
University of Pisa to study medicine. Up 
to this time he had been at school at the 
monastery of Vallombrosa, and had shown 
himself not only to be a quick and intel- 
ligent scholar, but also to have considerable 
taste aiid aptitude for poetry, music, and 
painting, liis advice, even as a youth of 
seventeen, was deemed by artists of con- 
siderable value. 

His father, knowing by experience that 
mat hematics were a peculiarly unremu- 
nerative form of study, endeavoured to 
prevent Galileo from becoming versed in 
them, for already, as a boy, his skill in 
devising mechanical toys showed that he 
had inherited considerable ability in this 
direction. However, early in 158 Galileo 
straying into a lecture on Euclid, became 
fascinated with the subject, and began to 
devote all his spare time to it. His own 
disinclination to pursue the study of medi- 
cine, #nd the difficulty which his father 
found m paying for his college education, 
added to the fact that his independent 
and argumentative disposition made him 
unpopular with the authorities, resulted in 
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his return, in 1585, to his father's house 
at Florence. Here Galileo pursued the 
study of mathematics with ardour, and. 
in 1589, after several vain attempts to 
secure a similar position, was appointed 
lecturer in mathematics at the University 
of Pisa. His salary was absurdly small- - 
sixty scudi a year, or about. £13 of om 
money. This he supplemented somewhat 
by giving private lessons. 

He was obliged to leave Pisa on account 
of the storm of hatred aroused by h\< 
discovery and teaching of the laws <>| 
falling bodies. Aristotle had taught that 
bodies fall in a time proportional to theii 
weight, but Galileo showed, by dropping 
various bodies from the Leaning Tower oi 
Pisa, how false this assumption was, and 
stated the real laws of falling bodies. This 
discovery is the most important of all 
Galileo’s contributions to science, for upon 
the laws of motion which he expounded 
the whole science of kinetics, as now 
understood, virtually rests. But it lost 
him favour and position, so unwilling were 
the mathematicians to be convinced b\ 
demonstration against accepted authority. 

The next year, 1592, Galileo was ap- 
pointed professor of mathematics at Padua 
University for six years, and this appoint- 
ment was twice renewed, so that he 
retained the position until 1610. In 1597 
he invented his proportional compasses, 
the earliest representative of the sextant. 

In 1604 the appearance of a brilliant 
new star in Serpent arius gave Galileo the 
opportunity of launching his shafts against 
the accepted astronomical theories. II.' 
attacked first of all the Aristotelian teaching, 
universally held at that time, as to the 
unchanging and incorruptible character 
of the heavens ; and proceeded, with all 
the fervour and probably much of the bold 
assumption of the new convert, to set forth 
the Copernican system of the heliocentric 
universe, and to repudiate the Ptolemaic 
or geocentric system. In 1609, hearing of tin* 
invention of a Dutch optician for bringing 
distant objects near, Galileo in one night 
succeeded in working out the principle, 
and at once set to work to construct a 
telescope, and, having produced a satisfac - 
tory one, turned it towards the heavens, 
with results which in his day were truly 
astonishing. For the first time sunspots 
came to sight, supplying Galileo with a 
powerful argument against the doctrine of 
immutability, and by their movement 
across the face of the sun indicating his 
rotatory motion. With it, too, Galileo 
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discovered Jupiter's satellites, and proved 
the truth of Copernicus's assertion that, if 
v Ve could but see them clearly, Venus and 
Mercury would be found to show phases 
similar to the phases of the moon. Galileo 
was triumphant. Overwhelming proof 
seemed to him to* be now provided both 
against the Ptolemaists and against the 
supporters of the theory of immutability. 

The telescope was Galileo’s most famous 
"ift to science, though, indeed, it was not 
really anything like so important as his 
discovery of the laws of motion, for the 
simple reason that the telescope would 
inevitably have been improved and turned 
upon the heavens — which was Galileo’s 
hare in its discovery — before long, even 
vithout him, whereas it is unlikely that 
he laws of motion would have been truly 
\pounded for some time to come. 

It is usually supposed that the Church 
kkI set her face utterly against scientific 
irogress, and in particular against Galileo’s 
liscoveries ; but, however that may be, in 
he year ifin Galileo visited Rome, and 
vas received with great honour by Pope, 
ardinals, and priests. His telescope was 
ct up in the Quirinal garden, the property 
>1 Cardinal Bandini, and crowds of curious 
iiid interested spectators were allowed to 
■nine there and look through it. Trouble cer- 
ainly, arose, however, when Galileo, always 
ssertive and dogmatic, rendered arrogant by 
lis fame and success, went beyond his own 
phere, and maintained that Scripture was 
m his side. In order to realise how danger- 
ms such an assertion appeared to cccle- 
in^tics to be to the faith of the people, we 
iml to remember the familiar association 
n*tween the Scriptural accounts and teach- 
ing and the accepted Ptolemaic system, 
vhirh, however scientifically false, still 
vmains descriptively true as a mere ex- 
amination of appearances. It is said in 
Hence of the Church that it was ready to 
Hen so long as Galileo confined himself 
<> teaching the Copernican system merely 
ls a hypothetical explanation, which it was 
nr future science carefully to determine 
)y observation and inquiry, but that when 
x ilileo asserted it as absolute truth, and 
1S the real teaching of Scripture, they 
r i‘pii(liated and condemned his teaching. 
11m proofs which were at that time adduced 
11 s upport of the Copernican system were 
h V no means eminently satisfying, and 
many of them are now known to be false. 
Y such inadequate grounds a theory of 
dm universe was boldly proclaimed to the 
P^>ple which was almost certain to result 


in undermining their faith, since to the 
ignorant, mind it impugned the authority of 
Scripture. The Church was not concerned 
with questions of science still manifestly 
theoretical ; she was deeply concerned in 
the faith of the people. Hence Galileo got 
into trouble with the Church. We are told 
by Dr. WhewelL that Galileo was accused 
before the Inquisition in 1615, but at that 
period the result was that he was merely 
recommended to confine himself to his 
mathematical reasonings upon tins sys- 
tem, and to abstain from meddling with 
Scripture. 

Galileo apparently submitted. He under- 
took to put forward the Copernican theory 
merely as hypothesis, and for some time he 
adhered in the letter to his promise. But 
the irony, clever and biting, with which 
he wrote showed that an unsubdued 
hostility chafed within him. He produced a 
paper on the tides, which for him supplied 
the strongest argument in favour of the 
Copernican system, now, of course, known 
to be quite false*. In 1618 three comets 
appeared, and in 1619 Galileo published 
his theory of comets, which he regarded as of 
similar nature with halos and rainbows. At 
the same time the Jesuit Grassi delivered a 
course of lectures on comets, explaining 
them as heavenly bodies, a theory which 
Galileo violently attacked. 

It has been noted by one of his biographers 
that Galileo never, throughout his whole 
career, put forward a theory which was not 
remorselessly and bitterly attacked. This 
fact is not so astonishing when we consider 
with what ridicule and violence Galileo 
himself attacked Kepler's lunar theory of 
tides and Grassi 's heavenly theory of 
comets, both of which were, in fact true, 
and with what animosity lie carried his 
war into the camp of his opponents, often 
without reason or justification. 

In 1624 Galileo again visited Rome, and 
was cordially received, but failed to obtain, 
as he wished, a reversal of the judgment 
of the Inquisition. The new Pope, Urban 
VIII., had, as Cardinal Barberini, been one 
of Galileo’s warmest friends, and the as- 
tronomer seems to have expected that all 
would now go as he wished. He published 
an ironical discussion of the various theories 
of the universe, “ II Saggiatore,” which the 
Pope enjoyed, and, rendered over-bold by 
this success, brought out, in 1632! his 
" Dialogues " on the systems of the world, 
in which, under the flimsiest veil, he boldly 
stated the case for the Copernican system. 
A supposed insult to the Pope, which 
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Galileo certainly never intended, told against 
him. He was tried by the Inquisition, made 
a formal abjuration, and retired to his villa 
near Florence, a broken and disappointed 
old man. He died on January 8, 1642. 

SIR DAVID GILL 

The Searcher of the Skies from South Africa 

David Gill was born in Aberdeen on June 
12, 1843, and was educated at Marischal 
College in that city. His devotion to the 
study of astronomy developed early, and 
he constructed an observatory in his father’s 
garden. In 1873 he was put in charge of the 
private observatory of Lord Lindsay at 
Dunecht, a post he held for three years. 
Here he was responsible for all the arrange- 
ments of Lord Lindsay’s expedition to 
Mauritius, in 1874, for the observation of 
the transit of Venus. In 1877 Gill organ- 
ised a similar expedition to Ascension to 
observe the opposition of Mars, and, from 
the measurements then obtained, determined 
the distance of the sun at 93,080,000 miles. 
For this valuable work he received the 
gold medal of the Royal Astronomical 
Society in 1882. 

In 1879 he was appointed Astronomer 
Royal at the Cape of Good Hope, and from 
188 r devoted a considerable amount of time 
to the investigation of stellar parallax, in 
which branch of astronomy he has secured 
more exact results than anyone else has 
yet succeeded in obtaining. 

In 1 88b I)r. Gill was responsible, jointly 
with M. Mouchez, of the Paris Observatory, 
for bringing about a congress of astronomers 
to arrange for the construction of a com- 
plete chart of the sky by international 
co-operation. He pointed out the value of 
photography in this work. 

Between 1880 and 189b Dr. Gill organised 
and brought to completion a geodetic 
survey of Natal and Cape Colony. He has 
also been engaged in several other surveys. 
In 1907, after occupying the position of 
Astronomer Royal at the Cape for twenty- 
eight years, Sir David Gill retired from it. 

Many honours have been conferred upon 
him in recognition of his services to astro- 
nomy. In 189b he was created a C.B.. and 
iu 1900 was knighted. He has received the 
recognition of many European and American 
learned societies. He took a considerable 
part in the foundation of the South African 
Association for the Advancement of Science, 
and was its first president, in 1903. He has 
published a number of books on astronomical 
subjects, written for serious astronomical 
students, and not tor the general public. 
4602 


EDMUND HALLEY 

Predictor of Comets and Manager of Newton 

Edmund Halley, the son of a rich soap- 
boiler, was born in Shoreditch on November 
8, 1656. At school he was a brilliant and 
ingenious student, taking all the honours 
both in mathematics and classics, and show- 
ing interest in astronomy. When he went 
up to Queen’s College, Oxford, in 1673, he 
took with him telescopes and other instru- 
ments, and in 1675 had already contributed 
to the Royal Society a most ingenious 
paper on the motions of the planets. 

At this time Flamsteed, with the patron- 
age of King Charles, was engaged in making 
a catalogue of stars, a work in which 
Hevclius was also occupied. Halley, as a 
young man of twenty, deeply concerned with 
planetary motions, was impressed with tin* 
value which a similar catalogue of stars in 
the southern hemisphere would have. Gain- 
ing the ear of the King, he procured the 
means for an expedition to St. Helena, and 
in 1676 set out to accomplish this design, 
He succeeded in cataloguing nearly 350 
stars, but his work suffered from difficulties 
of misty skies and an undue precipitancy in 
his own methods, which sometimes led him 
to publish results before thoroughly check- 
ing them. It was, however, a brilliant 
feat for a young man. Besides obtaining his 
catalogue, Halley secured on this journey 
observations of the variation of gravity 
in different latitudes, and witnessed ;i 
transit of Mercury. In T678, on his return, 
he was made a Fellow of the Royal Society, 
and received the M.A. degree of Oxford by 
special command. 

In 1680, travelling to the Continent with 
a friend, Halley saw the Great Comet, and, 
proceeding to Paris, made observations of 
its orbit with Cassini. This was not the 
comet associated permanently with Halley’s 
name ; that appeared in 1682. 

In 1681 Halley was in Italy. In 1682 lie 
settled in London. His time now was chiefly 
devoted to studying the moon’s orbit, and 
after two years of continual observation he 
was able to show a cycle of irregularities. la 
1685 he became assistant secretary to the 
Royal Society, and retained this position 
until 1692. During these seven years he 
edited the ,f Philosophical Transactions 01 
the society, and contributed papers dealing 
with a wide range of scientific subjects. A 
few examples will show the variety of In* 
interests : " Historical Account of riie 
Trade Winds and Monsoons ” ; “ An 

Account of the Circulation of the Watorv 
Vapours of the Sea, and of the Cause 01 
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Springs ” ; " Discourse Tending to Prove 
at What Time and Place Julius Caesar Made 
His First Descent upon Britain ” ; ” New 
and General Method of Finding the 
Roots of Equations/* 

Perhaps the greatest, and certainly one 
of the most admirable, of all Halley*s gifts 
to science was, paradoxically, the gift of 
Newton's “ Principia/* It is very doubtful 
whether, without him, this work would ever 
have been given to the public, for Newton 
himself was exceedingly diffident respecting 
his productions. It was Halley who presented 
to the Royal Society an account of Newton's 
work, and he was deputed by the society to 
" jog Newton's memory " to keep his 
promise of producing the book for publi- 
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ration; and, finally, it was from Halley’s 
pocket that the expenses of bringing it out 
were defrayed. As Dr. Glaisher said : “ He 
paid all the expenses, he corrected the 
proofs, he laid aside all his own work in 
')rdcr to press forward to the utmost the 
printing. All his letters show the most 
intense devotion to the work.” 

In 1698 Halley had become greatly 
interested in the variations of the compass, 
and lie obtained from William III. the 
command of a war-sloop, in which he cruised 
until 1700, and in 1701 published the results 
°f his investigations in a " General Chart ” 
showing these variations at a glance. 

In 1701 he cruised in the English Channel, * 
making a survey of the tides and the coasts. 


Then followed, in 1702, an exploration of the 
harbours of the Adriatic. He had the use 
of the same sloop on each occasion, the 
“ Paramour Pink/* 

In 1703 Halley was appointed Savilian 
Professor of Geometry at Oxford, a position 
which had been refused to him in 1691, on 
account of supposed atheism. He . now 
published editions of Apollonius and other 
ancient writers, and edited a repudiated 
edition of Flamsteed's “ Historia Coelcstis.” 

In 1705 Halley presented to the Royal 
Society a paper containing his famous pre- 
diction of the return of the Great Comet of 
1682 in a period of about seventy-six 
years. He had succeeded in identifying it 
with the comets of 1531. 1607, and 1682. 
This prediction was duly fulfilled in the 
return of “ Halley's Comet ** in 1758. 

In 1721 Halley was made Astronomer 
Royal, on the death of Flamsteed. Although 
then sixty-four years of age, he at once 
entered on a minute study of the moon's 
motion, which extended over a period of 
sixteen years. This work was valuable, but 
it has been suggested that so absorbed a 
devotion to observation of this particular 
kind is hardly consonant with the duties of 
an Astronomer Royal. However that may 
be, it is certain that Bradley, on his acces- 
sion to the office, found the instrumental 
department of the Royal Observatory in 
hopeless confusion. The lunar tables em- 
bodying the results of this protracted study 
were published in 1749, after Halley's death. 
Other subjects of his investigations were 
connected with the orbits of Jupiter and 
Saturn ; the proper motion of the stars ; the 
acceleration of the mean motion of the 
moon; and his prediction of the circum- 
stances of the total eclipse of the sun which 
took place on May 2, 1715. In the same 
year there was a splendid display of the 
great aurora, of which Halley took careful 
observations. 

In 1729 Ilalley was elected a member of the 
French Academy of Sciences. He died at 
Greenwich on January 14, 1742. 

SIR WILLIAM ROWAN HAMILTON 

Who Applied Mathematics to Astronomy 

William Rowan Hamilton, who became 
professor of astronomy in Dublin, director 
of the Observatory there, and Astronomer 
Royal for Ireland, was born in Dublin on 
August 4, 1805, the son of a Scotsman who 
had settled in Dublin early in life and prac- 
tised as a solicitor in that city. 

The child was one ot the most remarkable 
examples of precocity of whom there is any 
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record. He was early encouraged to study 
languages, with the result that at the age 
of seven years he could read Hebrew, and 
five years later his accomplishments in- 
cluded French, German, Italian, Spanish, 
Latin, Sanskrit, Arabic, Syrian, Persian, 
Hindustani, and Malay. But he early 
deserted these linguistic studies for mathe- 
matics, in which he showed an even more 
astonishing genius. Having entered 'Trinity 
College, Dublin, in 1823, he secured a 
strange variety of prizes, including that for 
English verse. In the following year his 
first mathematical essay, entitled “ A 
Memoir on Caustics,” read before the Royal 
Irish Academy, won high praise from Sir 
John Herschel. His appointment as pro- 
fessor of astronomy dated from 1827, and he 
was made Astronomer Royal shortly after- 
wards. He was knighted in 1835. 

Sir William Hamilton was an excellent 
astronomer, though he did little work in 
original observation of the stars. His lec- 
tures were clear, and were noted for their 
consummate eloquence, for Hamilton was 
a master of language, keenly interested in 
poetry, and a friend and correspondent 
of Wordsworth and Coleridge. His great 
reputation was gained by his work in the 
most abstruse departments of mathematics, 
and particularly in the subject of quarter- 
nions. His “ Lectures on Ouarternions ” 
were published in 1853. Sir William Hamil- 
ton, who was an extremely popular man, 
died on September 2, 1865. 

SIR JOHN HERSCHEL 
A Tireless “Sweeper of the Heavens*’ 

John Frederick William Herschel was 
bom at Slough, “ under the shadow of 
the great telescope,” on March 7, 1792. 
He was the only child of Sir William 
Herschel, and this fact may be said to have 
shaped his lite. Astronomy was not a 
natural bent with him, but he was born into 
an astronomical inheritance. His pursuit 
<>t this science was a realised devotion to his 
lather. Yet it not only became a joy to him 
but crowned his life with brilliant success, 
such as he could hardly have attained with- 
out it. His own interests and powers 
were very wide and great, but tended to 
become discursive. It was the strong moral 
purpose of this filial devotion which con- 
centrated them to such splendid issues. 

A genius for practical experiment marked 
him from early childhood, and as a small 
boy he was to be found among the carpenters 
in his father's workshop. But he was a sen- 
sitive and delicate child \ and his mother, 
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visiting him during his first term at Eton, 
saw that he was unfitted for public school 
life, and took him home. He was educated 
by a tutor until he went to Cambridge, where 
he entered St. John's College in 1809, and in 
1813 graduated as Senior Wrangler and first 
Smith’s Prizeman, and was made a Fellow 
of his college. 

At Cambridge, Herschel and his friends 
Babbage and Peacock, in furtherance of 
their compact to “ leave the world wiser 
than they found it,” started the Analytical 
Society of Cambridge, and undertook to 
reform the teaching of mathematics accord- 
ing to the system already introduced on the 
Continent. They succeeded, and Herschel 
pursued the study of pure mathematics so 
far as to contribute several brilliant papers 
on mathematical subjects to. the Royal 
Society, and for this work he received the 
Copley medal in 1821, but about that 
time he abandoned the subject. 

Sir William wished his son to enter the 
Church, but the lad had no inclination for 
it, and in 1814 was enrolled as a student at 
Lincoln’s Inn. But science soon reclaimed 
him from the study of law. Physics, and 
especially the science of light, had at all 
times a powerful attraction for him. 
“ Light,” he said in later years, “ was my 
first love,” and from time to time he wrote 
papers of great value upon this subject. 
In September, 1816, Herschel finally joined 
his father in his astronomical work at 
Slough, and set about .the task of revising 
Sir William’s catalogue of double stars. 
From 1821 to 1823 this work was carried 
on with Mr. (afterwards Sir James) South 
at Southwark, and the results obtained for 
the authors the Lalande prize of the French 
Academy and the gold medal of the Astro- 
nomical Society. 

On the death of his father, in T822, 
Herschel took upon himself as a sacred 
charge the special objects of Sir William s 
studies and observations. The double stars, 
the nebula, the “ sweeping ” of the heavens, 
were for him a labour of love. In 1825 he 
set i to work on a review of the 2500 nebula 1 
of Sir William Herschel’s catalogues, and 
pursued his task with so much energy that 
it was completed in about Jhalf the time 
that it was expected to take, and the 
results were presented to the Royal Societv 
j n 1833. This memoir was of immense 
importance, not only because Herschel 
possessed at that time the only instrument 
capable of showing many of these objects, 
and his observations included over 
hundred nebulae which had never been seen 
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before, but also because it contained much 
profound speculation upon the nature and 
relations of nebulae. It was illustrated by 
many careful drawings. While working 
,,t the nebulae, Herschel had also discovered 
over three thousand double stars, but many 
of these would now be rejected as too far 
apart to be true binaries. 

In 1829 Herschel married Margaret 
Brodie Stewart, daughter of a Ross-shire 
minister. Their life was extremely happy, 
and pervaded by the sunshine of success. 
There was an case and simplicity about 
|ohn Herschel’s life which reflected the ease 
and simplicity of his character and genius. 

Having verified and supplemented his 
father's observations of double stars and 
11c bills, Herschel took his instruments and 
lamily to the Cape, in 1833, in order that he 
might extend the “ sweepings " of the 
heavens to the southern hemisphere. For 
lour years he remained at Feldhauscn, six 
miles from Cape Town, in a most beautiful 
and advantageous position. It was the 
happiest time of his life. All his heart was 
in the work, and he accomplished an almost 
incredible amount. The survey of the 
southern heavens was completed, and many 
special detailed observations of great value 
were made. During this time Herschel 
observed 1202 double stars and 1708 
nebulae, most of them being new dis- 
coveries ; the Magellanic Clouds ; the Milky 
Wav ; Halley’s Comet ; sunspots, and other 
celestial phenomena. In every case he 
udded not only invaluable stores of observa- 
tion, but also very enlightening discussions. 
His catalogue of nearly, live hundred stars 
in order of brightness, according to the 
“ method of sequences ” suggested by his 
lather, linked together stars of the northern 
and southern hemispheres in a single chain, 
and introduced a definite ratio of magnitude. 
Herschel returned to England in 1838, but 
ne ver again took up observational work ; 
lie set himself instead to the task of arrang- 
ing and publishing the materials already 
collected. The results of the Cape visit 
were published in 1847. Honours of every 
kind were heaped upon him ; he was elected 
a member of many great foreign learned 
s *»cietics; he was created a baronet at 
Oueen Victoria's coronation ; in 1845 he 
presided over the meeting of the British 
Association. But he disliked publicity and 
n, ily longed for seclusion and hard work. 

In 1840 Sir John Herschel removed from 
^'>ugh to Coilingwood. a country house 
Hawkhurst, in Kent. Here he remained 

i the rest of his life, with the exception of 


a period spent in London as Master of the 
Mint, between 1850 and 1855. The routine 
of official duties and London social life were 
equally uncongenial to Herschel, and he 
retired in 1855 to the country, his family 
and his garden, with great satisfaction. He 
devoted the regaining years to the revision 
of his own and. his father’s observations; 
published in 1864 the “ General Catalogue 
of Nebulae," a monumental work which still 
retains authority as a standard guide ; and 
in 1867 a general list of double stars. He 
did not live to give to the latter the com- 
prehensive and descriptive character which 
lie had desired. He died at Coilingwood 
on May ir, 1871, and was buried near 
Newton in Westminster Abbey. 
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Sir John Herschcl’s services to science 
were by no means limited to his astro- 
nomical observations and deductions, valu- 
able though these are. His studies in 
optics led the way to great advances in 
photographic processes and in spectro- 
scopy. He was the first to use sensitised 
glass plates, and the first to attempt 
spectral photography. As early as 1827 he 
ardently supported the undulatory theory 
of light put forward by Young and Fresnel, 
and secured for it general acceptance by 
an article in the “ Encyclopaedia Metro- 
politana." We have already referred to 
his work in pure mathematics. His “ Out- 
lines of Astronomy," a book at once popular 
and of scientific value, was published in 
1849, and has been widely translated. 
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A! FRED HARKER-AN INVESTIGATOR OF 
FI RE-FORMED ROCKS 
JAMES HUTTON— THE TRUE FATHER OF 
MODERN GEOLOGY 

JOHN JOLY— AN ORIGINAL STUDENT OF 
RADIO-ACTIVE ENERGY 
JOHN WESLEY JUDD— SCHOOLMASTER, IN- 
SPECTOR, AND PROFESSOR 
ALFRED JOHN JUKES-BROWNE-A BUIL- 
DER UP OF GEOLOGICAL KNOWLEDGE 
SIR CHARLES LYELL — THE REVEALER 
OE THE POWER OF SLOW CHANGE 

ALFRED HARKER 
An Investigator of Fire-Formed RocKs 

M k. Alfred IIarker was born at Hull, on 
February 19, 1859, and graduated at 
St. John's College, Cambridge, of which he 
is a Fellow. He is also Lecturer in Petrology 
in the University of Cambridge. He was for 
ten years on the Scottish Geological Survey, 
and during that time made a searching 
investigation of the Western Highlands, and 
drew geological maps of the islands of 
Skye and Ruin, which present some of the 
most complicated and interesting volcanic 
structures in the world. In 1907 he was 
awarded the Murchison medal lor his con- 
tributions to the studies of petrography and 
structural geology, and especially for his 
work on cleavage, and for his investigations 
of igneous rocks in North Wales and the 
Lake District. 

Mr. Harker has long been advocating a 
more historical or evolutionary method of 
studying the details of petrography. To 
quote his own words, " Instead of applying 
tin* knowledge of processes now going on 
around us to elucidate the record of past 
ages, we must seek rather to use the history 
of the past to explain the phenomena of 
the present." But this method of study- 
ing petrography has, in fact, only become 
possible within very recent years. 

Mr. Harker's work on igneous rocks has 
>iven a profounder meaning to the whole 
-dudy of igneous action. He has emphasised 
the fact that superficial outbursts of igne- 
ous material are not the most important 
phenomena. “ Igneous action," he says, 
“ in its dynamic aspect, consists in the 
moving of a body of magma from one situa- 
tion to another, in response to differences 
°f fluid pressure ; but whether or not some 
Part of the magma is forced out of the sur- 
face depends upon conditions of the second 
order of importance." 

„ His most important publications are 
lVtrology for Students," 1895 ; “ The* 


SIR HENRY ALEXANDER MIERS-A STU- 
DENT OF MINERALS 

HUGH MILLER— THE IMAGINATIVE EX- 
PLORER OF THE OLD RED SANDSTONE 

JOHN MILNE— RECORDER OF THE QUAK- 
INGS OF THE EARTH 

SIR RODERICK MURCHISON — ONE OF 

THE MASTER-FORCES IN GEOLOGICAL 
ADVANCE 

SIR JOHN MURRAY— A READER OF THE 
LF:SSONS OF THE SEA 

Tertiary Igneous Rocks of Skye," 1904 ; 
and, more recently and generally, “ The 
Natural History of Igneous Rocks." 

JAMES HUTTON 
The True Father of Modern Geology 

James Hutton, one of the greatest of 
geologists, was born in Edinburgh on June 
3, 1726, and, after passing through the 
Royal High .School and Edinburgh Univer- 
sity, proceeded to study medicine in Paris 
and Leyden, graduating in the latter city 
in 1749. He was the son of a prosperous 
Scottish merchant and landowner, and, 
having by his father's death succeeded to 
a considerable independence, settled down 
as a Berwickshire laird, and devoted him- 
self to the study of agriculture, geology, 
and chemistry. Edinburgh was in the 
eighteenth century actually a metropolis, 
with a keen intellectual and social life of 
its own ; and Hutton, who took up his 
residence there in 1768, became one of its 
most illustrious figures. 

His geological investigations were made 
chiefly in Scotland, and, indeed, in the 
vicinity of Edinburgh, but included also 
journeys throughout England, France, and 
the Low Countries. By close study of 
detail and incessant meditation he arrived 
at profound conclusions which transformed 
geology from a mere description of the 
rocks and their relations into a historical 
study of vast secular processes. That is 
to say, he introduced the conception of 
world-evolution into geology, and is there- 
fore rightly regarded as the founder of 
the modern science. He was also remark- 
able among his contemporaries, who were 
too easily swayed by controversy, for a 
patient and modest attention to the actual 
facts. Indeed, his greatness probably de- 
pends much upon the fact that he neglected 
controversy, was in no hurry to publish, 
and was indifferent to fame. 

It was not until 1785, when he was 
nearly sixty years old, that Hutton read 
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before the Royal Society of Edinburgh his 
essay entitled “ The Theory of the Earth/’ 
and the paper was not published until 
three years later, when it appeared in the 
“ Transactions ” of the Society. Indeed, 
it was only at the repeated request of his 
friends, who had wandered with him 
throughout the Lothians, that he took the 
trouble to give his conclusions to the 
world. Even when it was published “ The 
Theory of the Earth ” failed to receive 
attention until an Irish geologist slated 
it in the ruthless fashion characteristic of 
the period, and stung Hutton into literary 
activity. He worked up the’ “ Theory” 
into readable form, adding his more recent 
corrections and observations, and pub- 
lished it as a separate work in Edinburgh, 
two years before his death there, in 1797. 

“ The Theory of the Earth ” traces the 
supposed history of our planet from an 
epoch when waters covered the present 
continents, and the clays, limestones, and 
sandstones of our now visible rocks were 
being laid down upon the ocean floor. 
Below these secondary or sedimentary rocks 
were primary rocks such as granite, which 
in places also rose 1 above the ocean to 
form islands. Hutton seeks to discover 
what forces can have compacted these soft 
sediments into hard rocks, and then have 
rmust them above the surface of the 
waters so as to constitute the land as 
we know it ; and finds that the great 
internal heat below, and the enormous 
pressure of the ocean from above, have 
melted and compressed the loose sediment 
into rocks. It was the expanding power 
of heat, also, which drove these rocks 
upward to form now continents, rending 
them and tilting them to all angles 
in the process, while molten material 
was forced into their fissures from below, 
or escaped in volcanic eruptions. He 
discusses also the animals and plants of 
the earlier continents, of which abundant 
remains are preserved in fossil form, 
regarding them as representing the species 
from which our extant forms of life 
must have originated. Moreover, he ex- 
plains the work of frost and sunshine, 
wind, rain, and stream in weathering and 
wearing down the elevated rocks, and in 
thus modelling the surface features of the 
land. It will thus be evident that James 
Hutton was a prodigious pioneer. Many 
of his conclusions have been revised by 
later knowledge. That was inevitable. 
Blit the fact remains that he was the 
sole founder of modern dynamical geology. 
4608 


POPULAR SCIENCE 

From being a static science, it became ir. 
his hands a science of change and of pro- 
cess. “ We find no signs of a beginning,” 
he said ; “ no prospect of an end.” 

It is fitting that the work of John 
Playfair should be mentioned here rather 
than separately, for Playfair's work as a 
geologist- -he was an excellent mathema- 
tician also —was chiefly summed up in his 
brilliant exposition and defence of Hutton’s 
great constructive synthesis. He was far 
from being a mere exponent at second 
hand ; he had great powers of observation 
and speculative insight, and as the intimate 
companion of Hutton’s rambles had learned 
himself to use the master’s method. For 
example, it was Playfair who originally 
suggested that isolated boulders, of con- 
stitution differing from the rocks where 
they are found, have been transported and 
deposited by moving ice ; and again, 
publishing seven years after the date of 
“ The Theory of the Earth,’’ and five 
years after the death of his friend, he 
was able in many respects to develop 
Hutton’s principles. John Playfair, whose 
“ Illustration of the Huttonian Theory ” 
appeared in 1802, was a son of the manse, 
born at Ben vie, a village west of Dundee, 
in 1748, and, having entered the Church 
of Scotland, became minister, in 1 773, of his 
native place. He was appointed Professor 
of Mathematics in Edinburgh University 
in 1785, holding the chair jointly with 
Adam Ferguson, and, twenty years later, 
exchanged that position for the Chair of 
Natural Philosophy. His annual vacations, 
which in Scottish universities until quite 
recently extended over the best six months 
of the year, were devoted to geological 
travels in the British Isles, and occasionally 
throughout various parts of Europe. He 
died in Edinburgh in 1819. 

JOHN JOLY 

An Original Student of Radio-Active Energy 

Professor Joly was born in Ireland in 1857, 
his father being the late Rev. P. S. Joly. 
of Hollywood, King’s County, and hi* 
mother Julia, daughter of Frederick, 
Count de Lusi. He graduated at Trinity 
College, Dublin, to which he returned 
in 1897 as Professor of Geology and 
Mineralogy. Between 1882 and 1891. 
Mr. Joly was Demonstrator in Civil En- 
gineering in Dublin, and from 1893 to 1897 
Demonstrator in Experimental Physics. 

Professor Joly has devoted much time to 
the study of radium, and has investigated 
its distribution in igneous rocks, in 
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sediments of different kinds, and in various shortly afterwards the victim of a railway 
waters. In a work which has attracted a accident, from which he barely escaped 
Great deal of attention, entitled "Radio- with his life. Under medical orders to five 
Activity and Geology : an account of the out of doors and avoid any fixed employ- 
influence of radio-active energy on terres- ment, Mr. Judd returned to Lincolnshire 
trial history, Professor Joly deduces most to continue his geological investigation of 
important consequences from the distribu- the country, taking occasional journeys to 
timi of radium. He believes the influence of the Continent to study strata similar to 
radio-activity to be very great in the pro- those at home. 

ccsscs of sedimentation, upheaval, erosion, It was at this time that Mr. Judd laid 
and the like ; it is the energy which " deter- the foundation of his great geological reputa- 
inim's the place of yielding and upheaval, tion, by demonstrating the relations of 
and ordains that the mountain ranges shall certain Lincolnshire strata with those of the 
stand around the continental borders.” Continent, and by discovering that the belt 

Professor Joly estimates the age of the of the Oolitic limestones which passes south- 
earth at far less than is generally accepted ; ward from Yorkshire to the Midlands is not 
and in two or three other points his con- of the Great Oolite age, but Inferior Oolite, 
elusions arc questioned by many geologists. 

His work opens up questions of great interest 
which point to new fields of investigation. 

Professor Joly is the author of many 
papers contributed to the Royal and other 
learned societies. He is a Fellow of the 
Royal Society and of the Geological Society, 

Vice-President of the Royal Dublin Society, 
and a Commissioner of Irish Lights. 

JOHN WESLEY JUDD 

From the Schoolmaster’s DesK to the 
Professorial Chair 

Professor Judd was born in Portsmouth 
on February 18, 1840, and at the age of 
seven years was brought to London, where 
his father had been appointed to official 
work at Somerset House. From his earliest 
years the boy delighted in the study of 
Nature, and even in childhood contrived to 
make a telescope with which he observed 
the stars. After attending school at 
C aniherwell, he decided to become a teacher, 
und entered a training college for that 
purpose in 1858. In the following year he 
went up. for an examination, held by the 
Department of Science and Art, in the 
sciences of geology and mineralogy, and the In consequence of this work he received, in 
excellence of his work brought him an 1867, a post on the Geological Survey, and 
invitation from the examiners to enter the his researches in that service threw much. 
Doyal School of Mines for further studies, new light on the Midland strata. Having 
but he was forced to earn his living, and left the Survey in 1871, he worked for about 
became master of an elementary school a year with Matthew Arnold as inspector 
al Horncastle, in Lincolnshire, where he of schools, and then returned to geology, 
remained three years, and made a geological taking up this time the Jurassic strata in the 
study of the surrounding country. north-east of Scotland, and the volcanic 

lu 1863, however, we find him attending rocks of the Western Isles. His studies 
the lectures at the Royal School of Mines, showed the close relationship of many 
where he won an Exhibition ; in 1864, as igneous rocks which were before supposed 
analytical chemist to a steel foundry in . to be sharply distinct from one another, and 
Sheffield, where he was introduced by his also revealed the existence of five great 
Fiend Dr. Sorby to the microscopical study ’ sites of Tertiary volcanoes in Scotland. 

°t rocks — then a novel method ; and Mr. Judd's researches in the islands of the 
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Western Scottish coast brought him the 
friendship of Darwin, Lyell, and others ; 
and in 1876,*^ the retirement of Sir 
Andrew Ramsay to become Director of 
the Geological Survey, Mr. Judd was 
appointed Professor of Geology in the Royal 
School of Mines. The geological department 
of the school was transferred a year later to 
South Kensington, where Professor Judd 
inaugurated a thorough system of practical 
teaching in the science, and continued to 
lecture until his retirement in 1905. 

His contributions to the literature of 
geology are very numerous, and cover 
practically every department of geological 
inquiry ; and he is revered as a teacher by 
hundreds of students all over the world. 

ALFRED JOHN JUKES-BROWNE 
A Builder Up of Geological Knowledge 

Mr. Jukes-Browne, a nephew of J. B. 
Jukes, formerly Director of the Geological 
Survey of Ireland, was born in April, 1851, 
at Penn Fields, near Wolverhampton, where 
his father then practised as a solicitor, 
afterwards removing to Highgate, London. 
From early boyhood he had marked 
scientific* interests, and collected shells, 
fossils, and minerals. After a classical 
education at Cholmondeley School, at 
Highgate, and later attending lectures in 
London, lie went up to St. John’s College, 
Cambridge, where his tutor was the Rev. 
T. G. Bouncy. Having graduated in 1873, 
he was in the following year appointed to 
the Geological Survey of England, and from 
this time until 1883 was chiefly employed 
in mapping parts of Suffolk, Cambridge, 
Rutland, and Lincoln, contributing to 
memoirs published by the Survey, and 
writing papers, some of which were pub- 
lished in the “ Geological Magazine,” and 
others by the Geological Society. During 
this time he spent the winter of 1876-7 in 
Egypt, whence he brought back a collection 
of small flint implements from Helwan, and 
gave it to the British Museum. 

In 1884 he was entrusted with the pre- 
paration of a monograph on the Upper 
Cretaceous rocks ot England, and for this 
work examined the Cretaceous districts of 
Herts, Bedford, Buckingham, Oxford, 
Berks, Wilts, Dorset, and Devon. The 
results were published in three volumes by 
the Geological Survey. Owing to impaired 
health, Mr. Jukes-Browne spent the winter 
of 1888-9 * n Barbados, where, with the 
assistance of Professor J. B. Harrison, he 
collected much information about the 
geology of the island, resulting in the joint 
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production of a map and memoir for the 
island Government, and two joint papers 
in the " Journal ” of the Geological Society. 

Mr. Jukes-Browne retired from the 
Geological Survey in 1902, and has since 
resided at Torquay, devoting himself to 
local geology and conchology. He was 
awarded the Murchison medal by the 
Geological Society in 1901, and was 
elected F.R.S. in 1909. He is author of 
the following books : “ Students* Hand- 
book of Physical Geology ** (two editions) ; 
“Students* Handbook of Historical Geo- 
logy,** 1889 ; “ The Building of the British 
Isles,’* third edition, 1911 ; “ Strati- 

graphical Geology,** second edition, 1912 ; 
" Geology,** in Whitaker’s Series, 1893 ; 
and “ Hills and Valleys of Torquay,** 1907. 

SIR CHARLES LYELL 

The Champion of Slow Change aa the Cause 
of Stupendous Results 

Charles Lyell, eldest son of a wealthy 
and cultivated man, who had some reput a- 
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tion as a botanist, and was also a translator 
of Dante, was born at Kinnordy, in Forfar- 
shire, on November 14, 179 7. While he was 
quite an infant the family came south to 
settle at Bartley Lodge, between South- 
ampton and the New Forest, and here, 
except for occasional summer visits t° 
Kinnordy, the ten children were reared. 
Charles was sent to school at Ringwood, 
then at Salisbury, and later at Midhurst 
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in Sussex, and during these years showed 
n o remarkable attraction to geology, 
although, like many boys, he was fond of 
natural history. .But almost as soon as he 
had entered at Exeter College, Oxford, and 
began to attend lectures upon geology, the 
interest which was to dominate his life 
developed. It soon became all-absorbing. 
In his first Long Vacation he crossed Scot- 
land from Forfarshire to Oban, and visited 
Staffa and Iona ; and in the following year 
travelled with his parents through France, 
Switzerland, and the North of Italy, his 
journal showing everywhere close observa- 
tion. Graduating in 1819, he began to 
study for the Bar, but after a few months 
a weakness of the eyes caused considerable 
interruption of his legal training, and he was 
thrown back upon outdoor life and geology. 

Having ample means and an indulgent 
and sympathetic father, he was able to 
follow wherever his inquiries led. In 1820 
and the following years he studied chiefly 
the South Coast of England, and in 1823 
read two papers to the Geological Society, 
of which he was elected a secretary. In the 
same year he was received in Paris by some 
of the leading scientific men, such as Cuvier 
and Humboldt. In 1824 be travelled 
widely in the West of England and in 
Scotland; and was called to the Bar in 
1825, and for the next two years went on 
the Western Circuit and held a few briefs. 
There his connection with legal practice 
ended. He was now writing for the 
“Quarterly Review," and the design of a 
great work on geology was already clearly 
in his mind. In 1828, together with 
Murchison, he travelled to the wonderful 
plateau of the ancient volcanoes of 
Auvergne ; and thence they worked their 
way through the Riviera down to Milan 
and Padua, and Lyell went on alone to 
Naples and Sicily. 

At every step Lyell found confirmation 
of the principle which was to be the subject 
°f his famous book. He proposed to show, 
hy amassing and setting in order a great 
volume of evidence of the most various 
hinds, that the same agencies which are 
seen at work at present are those which 
produced the great geological features of 
the past. His leading idea was that all 
geological processes are gradual and con- 
tinuous, and not catastrophic. He an- 
nounced in a letter to his father that he 
yid not despair of proving “ the positive* 
identity of the causes now operating with 
those of former times." The theory, with 
the overwhelming evidence which he had 


gathered, was discussed with friends in 
Paris, and warmly debated in the Geological 
Society of London, and opinion was sharply 
divided upon the matter. 

In 1829 and 1830 we find him hard at 
work on his book " Principles of Geology : 
being an attempt to explain the former 
changes of the earth’s surface by reference 
to causes now in operation." The first 
volume appeared in 1830, the second in 
1832, and the third in 1833. The book had 
extraordinary success ; it went through 
many editions ; and to the end of his life 
Lyell was engaged in amplifying and cor- 
recting it, often rewriting whole sections. 
Freeing himself from the tedious obscurity 
with which scientific writers were and are 
too often content, Lyell had written a truly 
popular work, with immense advantage to 
the future of the science. Indeed, though 
Lyell was himself no great discoverer, 
Charles Darwin was able to say that “ the 
science of geology is enormously indebted 
to Lyell — more so, as I believe, than to any 
other man who ever lived." His contribu- 
tion to science is thus summed up by 
Professor Bonney, his biographer : “ Lyell 
did not claim to have discovered the 
principle of uniformity. He tells us him- 
self what had been done by his predecessors 
in Italy and in Scotland, but he scattered 
the mists of error and illusion, and placed 
the idea upon a firm and logical basis." 

As the leader of the modern science 
against the unscientific catastrophal 
geology, which depended partly upon the 
stupendous magnitude of the phenomena, 
but still more upon a falsely devout ad- 
herence to the Mosaic cosmogony, Lyell 
must be regarded as the true follower of 
James Huttbn. The idea of uniformity 
of processes was known already, but it 
had not made its great challenge. "The 
Huttonians," says Sir Archibald Geikie, 
“ held that the geological record does not 
go back to the beginning, and that there- 
fore any attempt to trace that beginning 
from geological evidence was vain. Most 
strongly, too, did they protest against the 
introduction of causes which could not be 
shown to be a part of the present economy. 
They never wearied of insisting that to the 
everyday workings of air, earth, and sea 
must be our appeal for an explanation of 
the older revolutions of the globe. The 
fall of rain, the flow of rivers, the slowly 
crumbling decay of mountain, valley, and 
shore, were one by one summoned as wit- 
nesses to bear testimony to the manner in 
which the most stupendous geological 
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changes are slowly and silently brought 
about.’ \ Lyell’s work was to elevate that 
principle from being the theory of a school 
of geologists, to become the unquestioned 
and fundamental principle of the science. 

In 1831 Lyell had been appointed Pro- 
fessor of Geology at King’s College, London, 
but soon gave up that position in order that 
he might devote himself entirely to re- 
search. His marriage, in 1832, to Mary, 
daughter of Leonard Horner and niece of 
Francis Horner, both of whom were en- 
thusiastic geologists, was an exceedingly 
happy one, although no children were, born 
of it. Lady Lyell for her husband was 
knighted in 1848, and later received a 
baronetcy- - was deeply .interested in his 
work, and accompanied him 011 many of 
his travels. These were numerous and 
extensive. In 1834 he was in Denmark and 
Sweden, and visited Norway in 1837. His 
11 Travels in North America,” published 
in 1845, contains an account of twelve 
months spent in Canada and the Eastern 
States in 1841 ; and his journey to the 
Southern States in 1845 was chronicled in 
” A Second Visit to the United States of 
North America,” published in 1849. He 
was twice again in America in later years, 
and voyaged also, in 1834, f° Madeira and 
the Canary Isles. Together with his wife he 
travelled often in various parts of Europe. 

Sir Charles Lyell was a friend and corre- 
spondent of Charles Darwin, and was one of 
the first to accept with enthusiasm the 
doctrines published in “ The Origin of 
Species.” He died on February 22, 1875, 
and was buried in Westminster Abbey. 

SIR HENRY ALEXANDER MIERS 
A Student of Minerals 

Sir Henry Miers, Principal of the Uni- 
versity of London, was born at Rio de 
Janeiro on May 25, 1S58, the son of 
Francis Miers, C.E. He was educated at 
Eton and Trinity College, Oxford. In 1882 
lie became an assistant at the British 
Museum ; in iSSb instructor in crystal- 
lography at South Kensington Technical 
College ; and held both ot these positions 
until 1895, when he was appointed Wayn- 
fletc Professor of Mineralogy at Oxford. 
His inaugural address was on the subject 
of Individuality in the Mineral Kingdom. 
Professor Miers soon rose to a leading 
position in Oxford, and was secretary to the 
Delegates of the Universitv Museum, and a 
member of the Hebdomadal Council. 

Til 1901 Professor Miers undertook a 
journey to the Yukon goldfields to studv 
the mining conditions at Klondike, and the 
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auriferous deposits of that region, and 
investigated the various methods cqjploycd 
for thawing the permanently frozen ground, 
as well as the social conditions of the rapidly 
developing mining centre. In 1901 he pub 
fished ” A Visit to the Yukon Goldfields.” 

The most important work which Professor 
Miers has written is a book entitled 
“ Mineralogy : an Introduction to the 
Scientific Study of Minerals,” published in 
1902, extremely well illustrated. The sub- 
ject of crystallography is one to which 
Professor Miers has made valuable contri- 
butions. A paper read before the Royal 
Society, in 1903, describes a new method 
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which he had devised for observing the 
growth of crystals. 

Appointed in 1908 Principal of the 
University of London, Professor Miers has 
been Vice-President of the Chemical Society, 
and of the Geological Society, President 
of the Mineralogical Society, and of the 
Geological and Educational Sections of Ihe 
British Association, and a member of the 
Council of the Royal Society. 

HUGH MILLER 

The Imaginative Explorer of the Old Red 
Sandstone 

Hugh Miller was born at Cromarty on 
October 10, 1802. His father, a hanlv. 
resolute sailor, died when Hugh ' vaS 
five years old. The boy was put to school, 
but played truant continually, wanderin? 
over the country ; or at school he would 
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refract his companions from their lessons 
by telling them stories in a spirited manner, 
w hich made him early a leader among them. 
]{i^ feeling for Nature was even in early 
boyhood strong and picturesque. Miller’s 
real teachers were two fine, simple men of 
middle age, Uncle James and Uncle Sandy, 
brothers of Hugh’s mother. They in- 
structed him in his catechism, and inspired 
him with a deep devotion to his country, 
and a love of adventure. 

In 1820 Miller apprenticed himself to a 
mason, “ old David Wright.” The exposure 
and the heavy labour told upon him severely 
the first year, and resulted in long attacks 
of depression. But his love of Nature 
rescued him. From a child Miller had 
delighted in observing the rocks and vegeta- 
tion, and the small creatures found on the 
shore at low tide. His first work as a 
mason’s apprentice was in a quarry of 
sandstone, which showed “ a bar of deep 
red stone beneath, and a bar of pale red 
day above. Both deposits,” wrote Miller, 
“ belonged to formations equally unknown, 
at the time, to the geologist.” This deep 
red stone was later to place Miller’s name 
among the eminent geologists of all times. 
He was at this time drawn to examine it by 
observing upon its face ripple-marks like 
those upon the sands at low tide. Still 
more fascinating was the discovery, about 
the same time, of the fossil treasures in the 
Lias beds of the Hill of Eat hie. “ Who,” 
he writes, “ after once spending even a few 
hours in such a school, could avoid being 
a geologist ? I had formerly found much, 
pleasure among rocks and in caves, but 
it was the wonders of the Eathie Lias that 
first gave direction and aim to my curiosity. 
From being a mere child, that had sought 
amusement in looking over the pictures of 
the stony volume of Nature, I henceforth 
became a sober student, desirous of reading 
and knowing it as a book.” 

In 1823 Miller completed his apprentice- 
ship, and the next eleven years were spent 
as a journeyman mason in various parts of 
the Highlands and Lowlands. All the time 
he was observing and pondering. In 1824 
and 1825 he was at Edinburgh, employed 
111 stone-cutting at the village of Niddrie, 
and it was in his evening walks around this 
district that he first came across and studied 
the Carboniferous system. “The stone at 
^hich I wrought was intercalated among 
the working coal-seams, and abounded in 
^lFmarked impressions of the more robust 
vegetables of the period ; and as they 
^atly excited my curiosity I spent many 


an evening hour in the quarry in which they 
occurred, in tracing their forms in the rock.” 
Groping his way with no scientific training, 
and even “ wholly unfurnished with a 
vocabulary,” Miller pursued the study of 
these formations until “ the vegetation* of 
the coal measures began gradually to form 
within my mind’s eye, where all had been 
blank before, as I had seen the spires and 
columns of Edinburgh forming amid the 
fog on the morning of my arrival.” 

In 1825 Miller had to return to Cromarty, 
suffering from the stone-cutters’ disease ; 
and, though he recovered his health, his 
lungs were injured for life. He continued 
his rambles, observing and writing, and 
recurred to a long-cherished desire for a 



HUGH miller 


literary career. Hugh Miller was, indeed, a 
born writer ; and geology owes as much to 
his pen as to his observations. The power 
and picturesqueness of his writings had the 
effect of popularising the science. In 1829 
he visited Inverness, and formed a lifelong 
friendship with Carruthers, editor of the 
“ Inverness Courier,” who brought out his 
“ Poems Written in the Leisure Hours of a 
Journeyman Mason,” and, Li the same year, 
the interesting “ Letters on the Herring 
Fishery.” 

In 1832 Miller became engaged to Lydia 
Mackenzie Fraser, but was resolved not to 
marry her so long as he continued to earn 
his living by manual labour. He determined 
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to join the ranks of brain-workers, that he 
might offer her the position of a lady. 
After much difficulty, great anxiety, and 
occasional hopelessness, he obtained a posi- 
tion as accountant in a bank at Cromarty, 
in 1834, and relinquished the mason's life, 
which had been so “ soothing and inspir- 
ing." The evenings were devoted to literary 
work, and in 1835 the results of many years 
of wandering were published in “ Scenes 
and Legends in the North of Scotland." 
Geology forms the subject of a chapter ; 
scenery, legends, and character-sketches 
make up the rest. 

As a relaxation from the weary routine 
of bank business. Miller spent his spare 
time in exploring the Old Red Sandstone of 
Cromarty, in which he discovered a wealth 
of fossil fishes. Ilis studies of Pterichtliys 
were of great importance, and one new 
member of this family was named after 
him. At this time he began to correspond 
with the illustrious Agassiz, and to gather 
the material which went to form his “ Old 
Red Sandstone." This book, by far his 
most famous and important, appeared first 
in serial form in the “ Witness," a pape’r 
which Miller edited from 1840 to 185 b. It 
was republished in book form in 1841. 
Before the appearance of this work the 
fossil remains of Old Red Sandstone were 
practically unknown ; the importance of 
this formation was at once recognised, and 
it became the subject of eager investigation. 
The book is in the style of Hugh Miller at 
his best. Professor Huxley said of it : “ The 
more I study the fishes of the * old red * 
the more I am struck with the patience and 
sagacity manifested in Hugh Miller’s re- 
searches, and by the natural insight, which 
in his case seems to have supplied the place 
of special anatomical knowledge." 

In 1846 Miller published his “ First Im- 
pressions of England and its People," the 
results of a holiday necessitated by a break- 
down in health. In 1847 came "The 
footprints of the Creator," a combination 
of geology and theology ; and in the same, 
year, the results of another necessary holi- 
day, " The Cruise of the 1 Betsey * Among 
the Inner Hebrides." In 1852 he pub- 
lished his autobiography, “ My Schools and 
Schoolmasters," which has become a classic. 
At the time of his death he was straining 
every nerve to get his last book, "The 
Testimony of the Rocks," through the 
press. Fatigue, strain, and a recurrence of 
lung trouble proved too much for him, and 
culminated in insanity. In the night of 
December 23, 1856, be shot himself, 
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PROFESSOR JOHN MILNE 

The Recorder of EarthquaRe Tremor* 
Throughout the World ^ 

John Milne, the great student of seismo. 
logy, or the science of earthquakes, wa* 
born in Liverpool on December 30, 1850, 
and after school-days at Rochdale and 
Liverpool passed on to King's College, 
London, and thence to the Royal School of 
Mines, studying to become a mining engi- 
neer. After some practical experience in 
the mining districts of England and Central 
Europe, he was commissioned to investigate 
the mineral wealth of Newfoundland and 
Labrador. This inquiry occupied two years ; 
and then, in 1874, Milne was attached to 
Dr. Beke's expedition, which was sent out 
by the Rothschilds to determine the situa- 
tion of Mount Sinai. He was only twenty- 
four years of age when he was appointed by 
the Japanese Government to be consulting 
engineer to the Public Works Department 
which they had just founded. Milne con- 
ceived the adventurous idea of proceeding 
to his post by a solitary overland journey 
across Europe and Asia, and after eleven 
months of travel, and considerable hard- 
ships, arrived at Shanghai in February, 1876. 

The first night of his residence in Tokyo 
was marked by a considerable earthquake, 
and from that night the young engineer 
made earthquakes his chief study. They 
were and are extremely numerous in that 
country, and at that time resulted in enor- 
mous damage, though modifications in the 
practice of building, due chiefly to Professor 
Milne’s researches, have since greatly miti- 
gated their dangers. 

Four years after his arrival, on February 
22, 1880, the island was visited by an 
earthquake of great severity, and Milne 
made use of the public excitement to 
impress the claims of seismology upon the 
nation. His appeal was successful. It 
resulted in the establishment of the Seismo- 
logical Society of Japan, which has done a 
vast amount of good work. The Govern- 
ment appointed an Earthquake Committee, 
with large funds, to investigate every 
important shock ; and a Chair of Seismology, 
first occupied by Professor Milne, was 
founded in the Imperial University. 

Both the practical and the scientific 
results of the novel study which Professor 
Milne thus initiated have been of capital 
importance. It has saved an incalculable 
number of lives, and prevented an inestim- 
able amount of material damage. In the 
great earthquake which devastated Japan 
in 1891, nearly ten thousand were killed 
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and over one hundred thousand injured ; 
and though these numbers are quite excep- 
tional, *^he frequent shocks of that region 
are answerable for a considerable death-roll. 
Where that is so, the discovery of methods 
of building houses and bridges which make 
these structures comparatively immune 
from the effects of earth tremors is a vast 
benefit to' society. With the scientific 
results we have dealt fully elsewhere, but 
it will be remembered that they afford 
very interesting hints with regard to the 
constitution of the interior of our globe. 

Having spent twenty years in Japan, 
and visited, besides, many volcanic islands 
and the principal earthquake regions of the 
Pacific coast, Professor Milne returned to 
England in 1895, and settled at Shide, near 
Newport, in the Isle of Wight. He had 
married a Japanese lady, and received a 
distinguished Order and a pension from the 
Mikado. At Shide he established a highly 
equipped observatory for studying earth- 
quakes, and from this quiet situation, by 
means of the delicate instruments which 
he and other seismologists have perfected, 
his researches extend over the whole earth. 
He lias been able to promote the establish- 
ment of over sixty seismological observa- 
tories in various parts of the world, from 
which he receives regular reports, so that by 
the comparison of their records the source, 
the direction, the nature, and the extent 
of each earthquake may be fully determined. 
Twice in a year Professor Milne sends out 
to every seismological observatory a circular 
giving the registers of all recent earth- 
quakes. Professor Milne has published a 
great number of papers dealing with every 
aspect of the subject, as well as the volumes 
" Karthquakes ” (1883), “ Seismology ” 

(1898), and “ The Miner’s Handbook.” 

SIR RODERICK IMPEY MURCHISON 
A Master- Force in Geological Advance 

Sir Roderick Murchison was born at 
Tarradale, near the Beauly Firth, in Ross- 
diire, on February 19, 1792, was trained for 
the army, and saw active service in the 
Peninsula. He had been interested in 
geology from boyhood, and after his mar- 
riage, m 1815, gave his life to that pursuit. 
After making careful geological studies of 
Sussex, the island of Arran, and other 
districts, he travelled in 1828, with his wife 
and Charles Lyell, to Auvergne, the Riviera, 
and northern Italy. With Adam Sedgwick, 
Professor of Geology at Cambridge, Mur- 
rlnson made close investigations of the 
Bavarian Alps ; and in 1831 these two 
accomplished geologists began the study of 


the Palaeozoic deposits in Wales, which 
resulted in Murchison’s famous work “ The 
Silurian System,” published in 1839. A 
laborious examination of the fossils of 
Wales and the western English counties 
enabled him to separate clearly three main 
subdivisions of the Silurian system — namely. 
Upper Silurian, Lower Silurian, and Cam- 
brian — a distinction which has been accepted 
as the basis of all subsequent work on these 
strata. Murchison and Sedgwick also 
defined the “ Devonian System,” from their 
studies in Devonshire and Cornwall, in- 
cluding in this system the Scottish Old Red 
Sandstone, as well as many strata of the 
region of the Rhine. The ” Permian Sys- 
tem,” as a geological distinction, was a 
result of Murchison’s travels in Russia 
and the Ural Mountains. Unfortunately, 
Murchison and Sedgwick carried a difference 
of opinion with regard to the independent 
identity of the Cambrian system to such a 
point that their friendship was broken off. 
Sedgwick insisted that the Cambrian was a 
separate formation, while Murchison re- 
garded it, after further examination, as 
being the same as the Lower Silurian. It is 
now generally admitted that Murchison 
was in the wrong. 

Murchison was one of the pioneers of the 
“ drift ” theory, which explained the 
deposit of boulder-clay, and the transport 
of large erratic blocks, by the action of 
icebergs floating southward from Arctic 
seas. These heavy surface deposits had been 
formerly regarded, as by Buckland, as the 
result of the Deluge of the Book of Genesis, 
and were consequently known as diluvial 
detritus. In the interval, however, know- 
ledge of the nature and work of icebergs 
had greatly increased, with the result that 
the drift theory of Lyell, Murchison, 
Darwin, and others was for some time 
regarded as the true explanation of the 
boulder-clay/ But the drift theory has in 
its turn been long abandoned in favour of 
the glacial theory, which regards glaciers, 
and not floating icebergs, as responsible for 
these deposits, although a few geologists, 
and conspicuously Professor Bonney, con- 
tinue to maintain the older view of Murchi- 
son, Lyell, and Darwin. 

Murchison was a geologist of wide know- 
ledge, and great penetration of mind, and 
one of the ablest stratigraphers who ever 
lived. He was also a man of much force 
of character, whom no obstacles could deter. 
In 1855 he became Director of the Geological 
Survey of Great Britain, and a baronet in 
1866. He died on October 22, 1871. 
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SIR JOHN MURRAY 

A Reader of the Geologic Lessons of the Sea 

Sir John Murray was born in Coburg, 
Ontario, Canacla, on March 3, 1841, the son 
of a Scottish accountant who had emigrated 
a few years before, and who took a promi- 
nent part in Canadian politics. Educated 
at first in Canada, John Murray came, at 
seventeen years of age, to Scotland, and 
studied at Stirling High School and Edin- 
burgh University. His keen interest in 
Nature, from childhood, led him during 
these years to form a large natural history 
museum, of which many specimens are now at 
the Macfarlanc Institution, Bridge of Allan. 

Sir John Murray’s scientific work has 
covered a wide range of subjects, but it has 
been concerned, for the most part, with the 
problems of the sea. The structure, history, 
and deposits of the ocean floor, marine 
currents and temperatures, the chemistry of 
sea- water, the origin of coral islands, the 
movements of polar ice, and the nature and 
distribution of oceanic plants and animals, 
are subjects to which he has devoted himself 
in such a way that his reputation as an 
oceanographer is the first in the world. At 
twenty-seven years of age he went to the 
Arctic seas in a Scottish whaler, visiting 
Spitsbergen, and attaining the latitude of 
81 N., and brought back large biological 
collections and wide observations on the 
distribution of the Arctic ice, and on 
currents, temperatures, and the like. 

All this was the best possible preparation 
for his magnificent “ Challenger ” work. The 
expedition of H.M.S. “Challenger,” under 
Captain Nares, with Wyville Thomson as 
director of the civilian staff, extended from 
1872 to 1 <8 76 in a systematic exploration of 
the oceans of the world, which were studied 
in every scientific aspect. Murray had much 
to do with the preparati in of the expedition, 
and accompanied it throughout, making a 
special study of deep-sea deposits and of 
ocean launa, and taking charge of all the 
collections of every kind. When the ship 
returned to England the Government under- 
took to publish the results ; and in this 
work Murray was at first chief assistant, and 
on the death of Wyville Thomson, in 1882, 
became sole director and editor of the huge 
work, which fills fifty large volumes. It is a 
matter of common knowledge that this 
monument of science would never have been 
carried to completion except for Sir John 
Murray s determination, and for large sub- 
sidies from his private fortune. Besides 
editing the whole work, Murray wrote the 
volumes containing the summary of the 
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scientific results of the expedition, and w* 
joint author of the narrative of the cruise 
and of the work on the deposits on the ocear 
floor. For twenty-four years Sir Join 
Murray continued to hold an official con 
nection with the “Challenger” Expedition 
and since the completion of that grcai 
enterprise has maintained an oceano- 
graphical laboratory and museum in Edin- 
burgh, where much good work has beei 
dorie. He has founded also marine bio 
logical laboratories at Granton, on the Firtl 
of Forth, and at Millport, on the island 0 
Cumbrae, in the Clyde; and by means of his 
steam yacht " Medusa ” has made dost 
scientific investigation of the Scottish coasts 
He took part also in explorations of th( 
Faroe Channel, which were made in Govern- 
ment vessels in the years 1880 and 1882 
and in 1910 undertook a scientific cruise, o: 
which he bore the cost, in the North Atlantic 
together with Dr. Hjort, on the Norwegiar 
fishery steamer, “ Michael Sars.” The results 
of the latter expedition were published undei 
the title of “ The Depths of the Ocean.” 

In 1898 Sir John Murray began, togethei 
with the late Mr. Fred Pullar, a systematic 
bathymetrical survey of the Scottish fresh- 
water lochs. On the death of Mr. Pullar, ii 
1901, his father provided the means for the 
completion of the survey, under Sir Join 
Murray’s direction. Five hundred and sixty 
two lochs were systematically sounded, tlu 
conformation of their floors being ascertained 
by as many as sixty thousand soundings 
and the results were published in a largi 
work in 1910. It was largely owing to Sir 
John Murray’s scientific enthusiasm that 
the Ben Nevis Meteorological Observatory, 
at the summit of the mountain, was opened 
in 1883, and he remained one of its directors 
until the observatory was closed in 1904. 

Of the honours which have fallen to Sir 
John Murray we have not space to write ; 
they are numerous and distinguished. He is 
well known as an ardent educational re- 
former, regarding personal practical effi- 
ciency, and not culture or social amenity, 
as the true end of education. In this respect 
he has seen the principles which he advocates 
coming more and more to the front. He is 
himself supremely practical. For example, 
in Christmas Island, in the Indian Ocean, 
he found a real treasure island, procured its 
annexation by Britain in 1888, and formed a 
successful company to work its phosphates. 
The fact that the Treasury has received 
more from this island than it spent on tfie 
“ Challenger ” Expedition is, he thinks, an 
argument for subsidies to scientific work. 
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PAUL EHRLICH— A GREAT INVENTOR OF 
CURATIVE POISONS 

HAVELOCK ELLIS— A MASTER-STUDENT 
OF SEX 

GUSTAV THEODOR FECHNER— A PIONEER 
OF EXPERIMENTAL PSYCHOLOGY 
SIR DAVID FERR1ER— THE MAN WHO 
MAPPED OUT THE BRAIN 
NIELS FINSEN— DISCOVERER OF THE 
HEALING POWER OF LIGHT 
AUGUST FOREL— A SWISS SCIENTIST PLAY- 
ING MANY PARTS 

SIR MICHAEL FOSTER— THE REPRESENTA- 
TIVE ENGLISH PHYSIOLOGIST 

PAUL ERHLICH 

A Great Inventor of Curative Poisons 

P aul Ehrlich was born at Strehlen, in 
Silesia, on March 14, 1854, and took his 
doctorate in medicine at the University of 
Leipsic in 1878. In the course of the 
present century he lias been the recipient 
of many international honours, to say 
nothing of the fact that he lives in a street 
in Frankfort which is called the “ Paul 
Khrlichstrasse.” Since he won the Nobel 
Prize of Medicine, in 1908, he has made his 
greatest discovery in practical medicine. 

The chemistry of disease, or, as it may 
well be called, pathological chemistry, is 
and has always been the- subject of the life- 
work of Paul Ehrlich, who is now Director 
of the Royal Institute for Experimental 
Therapeutics at Frankfort. There he has 
a magnificent institution, specially provided 
for him, where his astonishing genius and 
devotion have adequate opportunities. 

The essential part of the work of Pasteur 
had been done when young Ehrlich began 
his researches. He saw clearly from the 
first, as indeed all serious students did, 
that the problems of susceptibility and 
immunity, of death or of recovery, in 
cases of attacks of the minute parasites 
which Pasteur had proved to cause disease 
were essentially chemical. They involved 
reactions between the tissues of the host 
and the substances produced by the in- 
vading organisms ; and if our under- 
standing of disease was ever to be intimate, 
and effective for the cure of infections, we 
must attack the details of these immeasur- 
ably complex chemical reactions. The 
simpler theories, such as that of Pasteur 
himself, were clearly inadequate to explain 
the production of immunity. That state is 
not brought about by the exhaustion of a* 
special diet which any species of parasite 
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SIGMUND FREUD— THE ACTION OF THE 
MIND IN DREAMS 

GALEN— A PHYSIOLOGIST AT THE DAWN 
OF CHRISTIANITY 

FRANZ JOSEPH GALL— THE FOUNDER OF 
PHRENOLOGY 

SIR FRANCIS GALTON— THE FOUNDER 
OF THE SCIENCE OF EUGENICS 
PATRICK GEDDES — EDUCATOR AND 
SOCIOLOGIST 

SIR WILLIAM GOWERS— THE GREATEST 
LIVING NEUROLOGIST 
ERNST HAECKEL— THE GERMAN POPU- 
LA RISER OF DARWIN 

finds in the tissues. It is a positive, not a 
negative, state ; and the key to its pro- 
duction, under “ natural ” conditions of 
disease, should enable us to control disease. 

This subject of immunity has chiefly 
engaged Ehrlich's attention, and his col- 
lected papers thereon, published in 1903, 
are the most notable of all contributions 
to the subject. By dint of much experi- 
ment and his chemical genius, Ehrlich was 
enabled to devise his celebrated “ side- 
chain ” theory of immunity, in which he 
attempted to express, in terms of chemical 
molecules, the processes by which im- 
munity is gained, and the conditions under 
which susceptibility, or lack of immunity, 
exists. More than a decade has now passed 
since this famous theory was elaborated, 
and it holds the field. It needs, and has 
received, further elaboration, but it has 
proved its value in that it has led investi- 
gators — above all, its own author — along 
lines of inquiry that have proved fruitful. 

Paul Ehrlich’s work has always been 
directed to definite therapeutic ends. He 
did important service, when the antitoxin 
for diphtheria was first obtained, in de- 
vising means for estimating its value, and 
standardising it so that it could be safely 
used by the practitioner. Then, several 
years later, came the discovery by Schau- 
dinn of the minute wavy translucent 
organism belonging to the “ spirilla, ” 
which causes syphilis. This offered a new 
opportunity for Ehrlich’s priceless genius. 
Almost his first research had dealt with the 
fashion in which living nerve-cells react 
to the chemical dye known as methylene 
blue. To the ordinary student of medicine, 
the microscopist or "neurologist, the fact 
that a given tissue “ stains ” with a given 
substance means no more nor less than that 
that is the substance he uses when he wishes 
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to study the tissue in question. Such 
knowledge is, of course, invaluable, as 
when a particular combination of stains or 
dyes enables the investigator to pick out 
and discover the tubercle bacillus, or some 
other microbe of almost equal importance. 

But to a student essentially chemical, 
like Ehrlich, the fact that a tissue stains 
with a dye is a chemical phenomenon. It 
means that the tissue has certain chemical 
constituents which are capable of holding 
on to that dye. Indeed, in such an every- 
day fact as the dropping of a stain upon a 
section or culture, Ehrlich saw chemical 
processes which were closely allied to those 
of immunity, as he had studied it for many 
years. The tissue in question was “ sus- 
ceptible,” so to say, to the dye that stained 
it. But this, which was convenient for the 
microscopist who wished to study the 
architecture of the tissue, might conceivably 
hive large consequences in another connec- 
tion. Let us suppose that the tissue in 
question is that of some deadly disease- 
parasite. Let us further suppose that 
we have available some deadly poison, 
such as arsenic, which should quickly kill 
this parasite, as it will indeed kill any form 
of protoplasm whatever. If we introduce 
arsenic into the body of a person in whom 
the parasites dwell, we find that the 
parasites are unaffected, though the person 
may be himself gravely poisoned. The 
parasites are immune to the poison, not 
because it is not a poison to them, but 
because it does not enter their bodies. 

Let us now contrive an amboceptor,” 
to use the name and the idea introduced by 
Ehrlich many years ago. Let this two- 
handed substance be such that with one 
hand it can hold the parasite or some 
chemical constituent of the parasite, while 
with the other it can hold the poison. 
This amboceptor will thus serve as a 
poisoner, introducing the poison to the 
parasite, which will forthwith die— and the 
host or patient will live. 

To find or make this hypothetical sub- 
stance was Ehrlich’s task. The ambo- 
ceptor would probably be some dye 
which was known to "stain — because it 
entered — the bodies of the spirilla ; and 
perhaps this dye, or its essential ingredient, 
might somehow be made, to combine 
chemically with arsenic. Then this com- 
pound might be given to a patient, so as 
to kill all the parasites in his body, while he 
himself would be uninjured, for the arsenic 
would not injure him, but would be all 
taken up by the parasites, owing to the 


action of the amboceptor with which it had 
been intentionally linked. 

Such is an account — too simple, for the 
facts are excessively complex, but still 
indicative of the principles involved — of 
Ehrlich’s research. Hundreds of com- 
pounds were constructed and tried, un- 
successfully, and the six hundred and sixth 
substance tried was successful. Its chemical 
name, indicating its construction and 
constitution, is “ dioxy-diamido-arseno- 
benzol,” and it is usually called “606,” or 
“salvarsan.” 

Ehrlich hoped that salvarsan, or the 
substance he sought, would effect a “ thera- 
peutic sterilisation ” at a single dose, so 
that the victim of syphilis, acquired or 
“ inherited,” might be cured in a few 
hours, as compared with the two or three 
years of treatment by mercury. The effects 
of salvarsan, properly used, have indeed been 
almost magical in hosts of instances, but 
this absolute extermination of the parasites 
seems to fail of completeness in many 
cases. Professor Ehrlich is not satisfied. 
He is at present experimenting with another 
substance of the same type, “ No. 914.” 

HAVELOCK ELLIS 
A Master-Student of Sex 

Henry Havelock Ellis was born at 
Croydon on February 2, 1859, and studied 
medicine at St. Thomas’s Hospital, but 
interrupted his medical curriculum for some 
years by a period in New South Wales. He 
took a medical qualification at the age of 
thirty, and then also began to edit the 
Contemporary Science Series, one of the 
most valuable of its kind in any language. 
He soon abandoned medical practice, and 
devoted himself to research and writing. 

Havelock Ellis is essentially a psychologist 
of the new type — one who does not attempt 
to define mind in general from the data of 
his own consciousness, but one who studies 
and records the facts of behaviour in as 
many types of people as possible. His first 
important work dealt with the criminal 
from this point of view, and this volume, 
“ The Criminal,” was reissued in 1910. 

In 1904 he published a valuable volume, 
called “ A Study of British Genius,” in 
which a laborious and discerning attempt 
was made in the direction of what might 
be called a natural history of genius in the 
British Islands. Each of these volumes is 
invaluable for the modern student of man. 

Familiar and indispensable to all students 
of such subjects is also his book “ Man and 
Woman,” in which all the available 
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literature of the subject is digested and 
analysed. This comparatively small book 
is to be looked upon as an addendum to the 
chief work of the author’s life — his “ Studies 
i,i the Psychology of Sex.” This great 
work, of which the last portion appeared 
in 1910, consists of six large volumes, the 
t, r st of which appeared in 1899. The last 
volume, “Sex in Relation to Society,” 

up the substance of the whole. 

Lllis saw that sex, though it plays an 
immeasurable part in our lives, though it 
matters immensely for nearly all, or all, 
individuals, and for society as a whole, 
had never been subjected to serious study 
bv scientific methods and by a student 
fitted for the purpose. We have many 
studies of sex, written, for the most part, 
by literary degenerates describing their own 
rases, but there had been made no attempt 
to state, as facts of natural history and 
psychology, the phenomena of sex and 
their consequences, their development in the 
individual, and their anomalies, with all 
the influence which these have upon the 
lives of individuals and society. Ellis set 
himself the immense task of filling this gap 
in “ the proper study of mankind.” 

To I)r. Ellis and his wife the English- 
speaking world is indebted for their intro- 
duction to the writings of the interesting 
Swedish Eugenist Ellen Key. 

GUSTAV THEODOR FECHNER 
A Pioneer of Experimental Psychology 

Gustav Thcor’or Fechncr was born in 
I.usatia on April 19, 1801, and studied 
at Leipsic, where, at the age of thirty- 
three, he became professor of physics. 
There, for several years, he worked at 
galvanism and the relations between 
electricity and chemistry. Then, owing to 
trouble with his sight, he was compelled to 
abandon physical research, and he devoted 
himself for the rest of his life to psychology, 
ft we are to understand him we must 
remember that he came to the study of the 
mind as a physicist, with the training and the 
mental habits which that involves. 

Fechner was an extremely prolific writer, 
?ml was publishing fresh volumes well on 
in his seventies, but his principal work 
is his “ Elements of Psycho-Physics,” which 
"’as published in i860. The researches 
embodied in this book constitute him the 
tru(‘ pioneer in that experimental study of 
psychology by physical methods which is 
characteristic of Germany, and has been 
pursued with unflagging and increasing 
energy for the last half-century. 


The great principle of psycho-physics is, 
or was, that we can reduce the facts of 
psychology to mathematical statements 
as we can reduce the facts of physics. It 
is, in short, an attempt to contrive "a physics 
of the non-phvsical, which is of the nature of 
an absurdity” It was based upon a so- 
called law which is still often known by 
Fechner’s name — or, more often, as the 
Wcber-Fcchner law — but which he himself 
called the law of intensity. It asserts that 
the intensity of a sensation increases as the 
logarithm of the stimulus ; or, in other 
words, that “ in order that the intensity of a 
sensation may increase in arithmetical pro- 
gression. the stimulus must increase in 
geometrical progression.” But, on further 
inquiry, it has been shown that this law 
is not absolutely true, and breaks down 
altogether in a large number of instances. 

Its author was, however, persuaded 
into the belief that a mathematics of the 
mind could now be achieved. He declared 
that there must be a unit of sensation, as 
there are units of - matter, and that any 
sensation whatsoever must consist of a 
certain number of such units. Since 
sensations are at the basis of psychological 
analysis, it would seem to follow that, by 
patient application, we should be able to 
measure all mental processes and, in the long 
run, write the formula for the production of 
“ Hamlet,” for the heroism of a Jeanne 
d’Arc, or the tenderness of a St. Francis. 

But, of course, such hopes were destined 
to disappointment. Stimuli are phj'sical 
things, and can be measured, like all other 
physical things, but sensations are 
psychical things, and cannot be measured. 
Each sensation is not a mere aggregation 
of a certain number of sensory units. 
Indeed, there are no such sensory units as 
Fechner postulated. 

It would be very natural to suppose that 
an author whose view of the mind was so 
astonishingly mechanical should be, in his 
view of the world, a materialist, but this 
was far from the case with Fechner. On 
the contrary, he was a follower of Spinoza, 
who argued that matter and mind are 
different aspects of the one reality ; and 
hence he supposed that our measurements 
of the physical world ought to suffice as 
measurements for the. psychical world. 
Fechner is therefore certainly not to be 
ranked as a materialist, and, indeed, he 
definitely wrote against materialism and 
its hopelessness. He died in Leipsic, where 
he had lived for more than half a century, 
on November 16, 1887, 
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SIR DAVID FERRIER 
Thft Min who Mappai Out the Brain 

David Ferrier was born at Aberdeen in 
1843, and studied medicine first in the 
university of his native town, and later in 
Edinburgh, where he took his doctorate in 
medicine in 1870, with a gold medal for 
his thesis on the comparative anatomy of 
the brain. He was appointed to the Chair 
of Nervous Pathology at King’s College, 
London, and shortly afterwards, in 1876, 
became a Fellow of the Royal Society. 
Since that date he has. been the recipient of 
numerous honours at home and abroad, 
and was knighted in 1911. He was the 
founder and editor of the valuable scientific 
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journal “ Brain.” His two principal books 
are “ Fund ions of the Brain,” published 
in 187(1, and “ Localisation of Cerebral 
Disease,” published in 1878. 

Sir David’s name will be remembered 
as that of one of the founders of “ cerebral 
localisation.” Paul Broca showed that 
such localisation was possible in at least 
one instance, and young Ferrier began his 
career of research just at the time when the 
key seemed to hand for the identification of 
the functions of the various parts of the 
brain. This was a problem of equal interest 
for psychology and metaphysics on the 
one hand, and for remedial medicine and 
surgery on the other hand. 
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Ferrier set himself to the examination o| 
the facts as they appear in the lower 
animals. In man they could only be 
guessed at, very simply, by the comparison 
of symptoms observed during life with 
the particular site and extent of the lesions, 
or pathological states, found in the brain 
after death. But there was every reason 
to suppose that such animals as the monkey 
and the dog would reveal facts closely 
parallel to those of man ; and at a later 
date, thanks to the developments of anti- 
septic and aseptic surgery, it was possible 
to observe, in the course of operations upon 
the human brain, that stimulation at such 
and such points produced contraction of 
such and such muscles or muscular groups. 

Fcrrier’s results are now classical, for they 
laid, in the ’seventies of last century, the 
foundations for all subsequent study of the 
functions of the brain. Broca had found 
a motor area for speech. Hughlings 
J ackson had identified the relation between 
a certain part of the brain and what wc 
now call Jacksonian epilepsy. Ferrier then 
set to work, studying the brain of the ape. 
After the animal had been rendered un- 
conscious and insensible to pain by means 
of an anesthetic, the skull was trephined 
in exactly the same fashion as is daily em- 
ployed in operations upon human patients ; 
the brain was exposed, and then Dr. Ferrier 
observed the results of stimulation at 
various points by means of a couple of 
blunted platinum wires conveying a small 
current of faradic electricity. The elec- 
trodes. or blunted wires, were applied to the 
brain at a distance of only one-eighth of an 
inch apart, and the feeblest possible current 
was used, so that as minute an area of the 
cortex as possible should be stimulated at a 
time. By subtly contrived electrical indi- 
cators of nervous currents it could be shown 
that the stimulation acted upon the cortex 
itself, and not upon the white matter of the 
brain. In this fashion it became possible to 
map out the various areas upon the outer 
and inner surface of the cortex in the ape ; 
and the clinical application of these results 
in man has been eminently trustworthy. 

The early results, obtained nearly forty 
years ago, are now obsolete, so much further 
work having been done in the interval. 
The surgeons especially have had oppor- 
tunities of observing the facts in man 
himself. Also, other methods of inquiry 
have been employed, such as the observa- 
tion of the order of development of different 
parts of the brain. But Sir David Ferrier s 
pioneer work was indispensable, and non? 
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the less so because he and his successors 
found such large areas of the brain where 
no stimulation produced any effect what- 
ever. These “ silent areas ” are particularly 
characteristic of the human brain. 

Sir David has lived to see the practical 
limit of the “ new phrenology,” of which 
he was the experimental founder. Centres 
for motion and sensation can now be ac- 
curately defined ; but no tests employed or 
imaginable will discern centres for any of 
the higher functions of the mind, which 
elude electrodes and the microscope alike. 

NIELS FINSEN 

Discoverer of the Healing Power of Light 

Niels R. Finsen, the discoverer of the 
medical powers of the chemical rays of 
light, was born in the Faroe Isles in x86i, 
and after a brilliant career at the University 
of Copenhagen became teacher of anatomy 
there. Crippled by a painful and chronic 
illness that carried him off in the flower of 
his genius, Professor Finsen had to light 
against many difficulties even to get his 
ordinary work done. When he was thirty- 
two he began to explore the effects of light 
on the human body, with results that have 
become more valuable with the lapse of 
time. He set out from the fact that there 
are three principal kinds of rays in ordinary 
sunlight — the red rays are heat-rays ; the 
yellow rays are light-rays ; the violet and 
ultra-violet rays have a chemical action 
which makes them a most important part 
of light lrom a medical point of view. 
It was these chemical rays that he studied 
deeply in his short and heroic life. 

He found, in July, 1893, that the chemical 
rays of sunlight had a bad effect upon 
patients suffering from small-pox. It has 
long been a custom in China to put small- 
pox patients in a room so heavily draped 
with red hangings that all light is prac- 
tically excluded. In Roumania it is an old 
popular practice to use red surroundings 
in the treatment of this illness, and in many 
Parts of Europe in the Middle Ages red 
bedcovers were wrapped over the sufferers, 
and red globes were placed in their beds. 
All this was looked upon as a wild and fan- 
ciful superstition until Professor Finsen 
began to study the effect of daylight upon 
suiferers in the hospital at Copenhagen. 

He found that in many cases he could 
prevent the disfiguring and dangerous 
eruption from breaking out on the patients 
b v hanging two or three thick curtains of 
r ed flannel before all the windows. His 
object was only to admit the red heat-rays- 


of light into the room, and entirely keep 
out the blue and violet and ultra-violet 
rays. In other words, he had to turn a 
room into a photographer's dark-room. 
The same kind of rays that spoilt the de- 
velopment of a photographic plate seemed 
also to have the power of inducing the 
small-pox eruption in the exposed skin of 
patients. In the end he found the most 
convenient way of preventing the trouble 
was to set aside certain rooms in isolation 
hospitals, and fill the windows of these 
rooms with dark red glass. The globes and 
lamp-glasses used in artificial lighting had 
also to be made of very dark red glass. The 
treatment, as Finsen pointed out in 1894, 
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did not cure small-pox, but it did much to 
prevent the eruption and the dangerous 
fever and the horrible scars which often are 
a consequence of an attack of small-pox. 

Finsen then went on to study the physio- 
logical effect of the violet and ultra-violet 
rays, and came to the conclusion that they 
possessed a great stimulating force. Though 
prevented by illness and the pressure of 
other work from carrying his researches 
out completely, Professor Finsen managed 
at last to build a big clectric-Jight bath, in 
which cold blue-violet rays were used to 
stimulate the blood-vessels and thereby 
promote a better nutrition of the skin 
and a greater functional activity. 
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In the meantime, he had made the great 
discovery on which his lame chiefly depends. 
There is a common and very disfiguring 
disease of the skin caused by the same 
microbe that sets up consumption when it 
attacks. the lungs. For this disease, known 
as lupus vulgaris, no remedy was known. 
Having found by experiment that the 
tubercle microbe was killed by the action of 
concentrated chemical rays, it struck Finsen 
that the ultra-violet radiance might prove 
to have a curative effect on patients suf- 
fering from lupus. At first he had a great 
deal of trouble with the blood of his patients, 
for this protected both them and the deadly 
microbe from the action of the rays from 
the Finsen lamp. However, he got over 
the difficulty by putting a photographic 
plate behind his own ear, and bringing the 
radiance of the lamp to bear in front. He 
found that, if he kept his ear tightly pressed 
between two transparent plates, he drove 
all the blood out, and the chemical ray left 
a clear impression of its action upon the 
photographic plate. This was practically 
the crowning experiment of this sick and 
suffering hero of medical research. It 
enabled him to complete the main parts of 
his instrument for applying ultra-violet rays 
of light to the cure of lupus. 

The affected part of the patient’s skin 
has a small water-cell firmly pressed against 
it. This compressor serves a double pur- 
pose. The circulating water absorbs any 
heat-rays passing out of the lamp, and the 
pressure of the water-cell keeps the blood 
out of the tissues, so that the blood cor- 
puscles are not there to obstruct the 
passage of the curative rays. The rays 
are usually produced by a powerful electric 
arc-lamp, and then focussed by means of a 
telescope tube in which are fitted quartz 
lenses, and the apparatus is cooled by 
water circulating through it. It is still 
doubtful which view held by Finsen is 
correct- -that in which he attributes a 
stimulating curative effect on the human 
tissues to the chemical rays, or that in 
which he traces the effect to the destruction 
of the m'erobes by the ray. 

However this may be, the Finsen light- 
cure has become an important branch of 
medicine, and in some malignant diseases the 
Ron t gen rays ore also employed. Finsen 
ranks as the founder of the science of 
Phototherapy; in which various kinds of 
rays are used for medicinal purposes. 
In true lupus the rays are so curative that 
the malady has been called " Finsen’s 
Disease.” Finsen died in 1904. 
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AUGUST FOREL 

A Swiss Scientist Playing Many Parts 

August Forcl was born at Morgos, 
Switzerland, on September 1, 1848, and 
educated at Zurich and Vienna. For many 
years he occupied the Chair of Morbid 
Psychology in the University of Zurich, 
and was medical superintendent of a 
great asylum. Recently he has retired 
from these official positions, but he works 
as hard as ever in other ways. Thus, while 
he published valuable observations upon 
insect life as early as 1874, as recently as 
1906 he was making fresh observations upon 
the memory of time in bees. 

Dr. Forel’s work has ranged over so wide 
a field that at first sight its various parts 
seem to be disconnected, but they are one 
and all concerned with mind in its various 
aspects. To him, as to all great students- 
compare Darwin’s work on the emotions- 
it is in a sense indifferent whether the mind 
he studies be that of a man or that of a 
bee ; and he has always realised that the 
study of mental disease is, in large measure, 
not only useful for the mental physician, 
but also gives us the key to many facts ot 
the normal mind. 

It is only within the last few years that 
the work of this great student has become 
known at all to the English reader, even 
though, among his copious technical writ- 
ings, he lias found time to write much for the 
educated public. The English reader has, 
however, since 1907, been able to gain 
access to certain of Dr. Forel’s works, as 
follows : “ The Hygiene of Nerves and 

Mind in Health and Disease,” in the Pro- 
gressive Science Series ; “ The Senses of 
Insects,” collated and translated by Mr. 
Macleod Yearsley, the distinguished aurist; 
and also a large and somewhat technical 
but valuable volume, “ The Sexual Ques- 
tion ” ; and a small treatise, “ Sexual 
Ethics,” with an introduction by Dr. 
Saleeby. Dr. Forcl has also written on 
hypnotism, and very largely upon the 
action of alcohol in relation to mental 
processes, and as a cause of racial degenera- 
tion by the process of what he calls “ blast- 
ophthoria,” or germ-spoiling. From these 
varied works we may obtain a fair idea oi 
the philosophy and practical contributions 
of this indefatigable worker, who actuallv 
found time to write his largest book it- 
German, and rewrite it himself in French. 

Dr. Forel describes himself as a monkt. 
and is perhaps not entirely without anti- 
theological bias, but his researches m 
comparative psychology have led him 
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definitely to repudiate the popular view, 
so easily stated, and shared by so many 
students of life at second-hand, that the 
living organism is a machine. He wholly 
condemns the error “ which at all costs 
doircs to see in every living organism a 
‘ machine/ forgetting that a ‘ machine ’ 
which continually reconstructs itself is not 
a ‘ machine/ but something entirely 
dilferent. It is, in fact, a problem to which 
we have not the key, and of which we can 
but study the form and function without 
comprehending the intimate connections of 
their causality, which are those of proto- 
plasmic life.” In short, Dr. Forel recognises 
purposeful adaptation as a primitive fact of 
life. In one of his larger works, also, the 
student will find a brilliant and suggestive 
discussion of heredity, on which subject 
Forel is a follower of the English writer 
Samuel Butler, and others who argue that 
Life remembers, and that heredity com- 
prises, or indeed ultimately consists in, a 
process of the transmission of what is 
remembered, through the germ-plasm. To 
many readers this doctrine sounds mystical 
and noil-scientific, but it is accepted by so 
very practical and concrete a thinker as 
Forel, and exactly consorts with the 
teaching of Bergson. 

Forel’s work on mental hygiene is mas- 
terly, and its translation into English, in a 
well-known series, was a public service. 
Every page testifies to the authority 
and sincerity of the author, one of those 
ardent investigators who arc never satis- 
fied until the facts at which they have 
arrived are shared and acted upon by 
other people. 

In his contributions to the study of sex, 
Prolessor Forel shows himself to be an 
ardent Eugenis t. Many foreign alienists, in 
recent years, have written large volumes on 
and especially upon its pathology. 
Dr. Forel’s stands alone in its consistent 
recognition of the essential sanctity of sex, 
a,1 d in his no less consistent application 
(, I the great criterion of true sexual 
morality — the effects of our acts upon 
ourselves, and upon the natural endowment 
"hich they transmit to posterity. 

Lastly, Professor Forel is and always has 
been a most uncompromising opponent of 
alcohol, like the other great alienists of the 
tune. But none of them are quite so ardent 
as Professor Forel. He has made numerous 
and important contributions to the litera- 
turc of the subject, none of which, un- 
mrtunately, have yet been translated into 
English. It was owing to his persistence and 


influence that a few years ago the Swiss 
people abolished by a referendum the sale, 
import, export, or manufacture of absinthe. 

SIR MICHAEL FOSTER 
The Representative English Physiologist 

Michael Foster was born on March 8, 1836 
his father being a doctor in Huntingdon. The 
boy was prepared for the medical profession 
at University College, London, but soon 
found that the proper business of his life 
was the study, and perhaps specially the 
teaching, of physiology. In 1883 he be- 
came Professor of Physiology at Cambridge, 
and retained that post for tw enty years. He 
was made a K.C.B. in 1899, and entered 
Parliament, as representative of the Uni- 
versity of London, in 1900, but later lost his 
seat, oddly enough, in connection with the 
discussion on Tariff Reform. 

Foster’s “Textbook of Physiology” was 
first published in 1876, and was, for a quarter 
of a century, the standard treatise on the 
subject in the English language. He was a 
masterly writer; and the very model of 
what such an article should be is his famous 
contribution, “ Physiology,” to the “ En- 
cyclopcedia Britannica,” first published in 
1885, and containing in its fifteen pages the 
most admirable summary of and introduc- 
tion to the great subject of vital functions 
that it is possible to imagine. 

We are much indebted to Sir Michael 
Foster for his introduction of the term 
“ metabolism,” to signify the chemical pro- 
cesses of the organism ; and of the further 
terms " anabolism ” (or constructive meta- 
bolism. as he calls it in the article above 
referred to), to indicate the processes of 
chemical synthesis, seen chiefly in the green 
plant ; and “ katabolism,” or destructive 
metabolism, to indicate the processes of 
chemical simplification, usually oxidations, 
whereby the animal organism especially 
obtains the kinetic energy which its life 
continually displays. 

Sir Michael Foster died January 29, 1907. 

SIGMUND FREUD 
The Action of the Mind in Dreams 

Sigmund Freud was born in 1856, at 
Freiberg, Moravia, and took his doctorate 
of medicine in the University of Vienna in 
1882. Three years later he began to teach 
nervous pathology, and since 1902 has held 
the title of Extraordinary Professor on that 
•subject in bis alma mater. He edits various 
journals of psychiatry. Hitherto the im- 
portance and remarkable originality of 
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Freud's work have received little recogni- 
tion except among experts. 

It was in 1900 that Professor Freud 
published the first volume in which his own 
contributions to knowledge appear. This 
was his “ Interpretation of Dreams,” an 
English translation of which is shortly to 
be expected. The title of this remarkable 
book has a quaint and familiar sound, for 
men have undertaken the interpretation of 
dreams since the dawn of history, but 
Professor Freud’s interpretation of dreams 
is scarcely of the same order as those to 
which wc are accustomed. He recognises 
that the facts of consciousness, whether 
waking or dreaming, express and largely 
depend upon deeper facts of the subcon- 
sciousness. In the ordinary waking life he 
recognises a potent and unceasing factor of 
inhibition, which controls the suggestions 
made by the subconscious mind, and wills 
the course of the “ stream of consciousness.” 
Many deep and potent emotions may be 
present, but they and their consequences are 
suppressed. Professor Freud thus speaks 
of “ strangulated emotions.” But in sleep 
the inhibition exercised during the waking 
life is removed, and the emotions, suppressed 
during the day, can assert themselves. 

Professor Freud thus finds a psychological 
interpretation of dreams. The physiological 
.interpretation, as wc may call it, held the 
ground until his time. Thus, lobster and 
cheese, taken at supper, disturbed the 
stomach and the “ solar plexus ” of 
nervous matter which lies behind the 
stomach, and dreams resulted. There is a 
part-truth, of little moment, in this explana- 
tion, but it does not tell us at all why the 
dreamer dreams the dream he does, and not 
another. Here, indeed, until Freud’s time, 
was a realm of natural phenomena where 
men of science were practically content to 
assume the existence of a causeless chaos. 
But it is not so, and Freud has gone very far 
to show how the dreams we dream can be 
interpreted in general and in detail. More 
than this, he has been repeatedly able to 
relieve his mental patients by the analysis 
of their dreams, especially with the aid of 
the facts of the subconscious mind which he 
has been able to obtain from them while 
they have been in the hypnotic state. 

-or Freud’s analysis of dreams is really 
only a part of his general theory of the 
mind and its behaviour. Quite apart from 
dreams, many of us have in our minds 
subconsciously preserved emotional effects 
which we are not aware of, and vet which 
injure our mental health and happiness. 
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They may be called psychical lesions 01 
wounds ; and the reader will observe how 
far we are wandering from the idea that 
insanity is “ a disease of the brain.” With 
patients in whom such strangulated emo- 
tions are suspected, Dr. Freud and his 
followers— who are now arising in large 
numbers in all the great centres of medicine 
— endeavour by hypnotic suggestion to get 
back the memory of the original situation 
which produced the trouble in the first 
place, and which the conscious mind of the 
patient has often forgotten. Then by ap- 
propriate suggestions the pyschical wound 
can be treated and healed. In hosts of cases 
where all other means of treatment have 
failed this succeeds. 

If we briefly mention Dr. Freud’s “ Three 
Essayson Sex,” and his chief work, “ Psycho- 
Analysis,” we may proceed to state, in 
general, the new conceptions of the mind, 
in health and in disease, which his method 
of psycho-analysis has established. His 
special views on sex need only briefly he 
mentioned, though he has elaborated them 
quite lately, especially in relation to the so- 
called “ sexual life of childhood.” He seems 
to be not entirely immune towards the 
extraordinary obsession of sex which has 
afflicted Continental writers during the last 
decade, causing them to find sex in any and 
every manifestation of conduct, in health 
or disease, from religious devotion to biting 
one’s nails. Nevertheless, there can be no 
question that Freud’s remarkable genius for 
psychical interpretation has led him re- 
peatedly to the correct explanation, in the 
suppression of the emotions of sex, for 
many of the phenomena of our lives besides 
those which are sometimes summed up in 
one individual as “ celibate insanity.” 

At the time, only a few years ago, when 
the new ideas of Freud came upon the 
scene, medical science was entirely domi- 
nated by the second of the three successive 
views of insanity. The first, or demono- 
logical view, the view of insanity as pos- 
session by demons, had given place to the 
physiological view of insanity which is now 
the established view of orthodox medicine, 
and is to be found in its highest form in the 
most recent writings of such an authority 
as Sir Thomas Clouston. On this view, all 
insane manifestations have a physiological 
or anatomical basis, if only our chemical and 
microscopic methods were clever enough to 
detect it. Insanity is thus a symptom of 
physical disease of the physical collocation 
of molecules which we call the brain. If 
will be readily seen that this view is simply 
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tlx* medical counterpart of the materialism 
uliich had such a vogue in the latter part 
of the nineteenth century. The notion of 
tin* mind as an entity has disappeared. 
The mind is merely a consequence of the 
brain — healthy mind of healthy brain, 
diseased mind of diseased brain. YVe may 
not know the details, but that is the 
essence of this physiological view. 

The objection to such a view, in which 
a very large amount of truth is apparent, 
when we study the brains of the syphilitic or 
alcoholic, is that there are hosts of facts 
which it does not explain or even bear upon 
at all. Half a century and less ago it was 
supposed that the whole nature and causes 
of insanity, and all its symptoms, would 
soon be revealed. Cerebral localisation was 
expected to find * centres ” for all the facts 
of psychical life, and then we should find 
the centres diseased when the corresponding 
psychical facts were distorted. But every- 
one knows that these expectations have 
been disappointed. Freud and his followers 
teach us that wc require to make a fresh 
start with a purely psychological concep- 
tion of insanity, leaving out of account the 
brain and its appendages. We must now 
return afresh to the phenomena of insanity, 
and see whether we can by any means in- 
terpret them in terms of the mind — not of 
“ brain-cells ” and “ neurones,” and so 
forth. This is what Freud has done for us ; 
and the reader who desires a trustworthy 
introduction to his epoch-making work will 
find it in the volume “ The Psychology of 
Insanity,” by Dr. Bernard Hart. 

Freud has shown how psychical dissocia- 
tion is the great feature of insanity, and 
how this dissociation depends upon intra- 
psychical conflict between different instincts, 
and upon the forcible repression of one or 
another aspect of the personality, due to the 
circumstances of the individual’s life. He 
shows how all the processes of the insane 
mind, without exception, are variants or 
exaggerations of the processes of the sane 
mind ; he demonstrates that the irra- 
tionality of the lunatic is not due to the 
supposed “ loss of his reason,” but to the 
influence of repressed psychical facts of 
which we are unaware, but from which he 
js reasoning soundly. He shows how much 
rational than we suppose we all are, 
an d gives his students a new understanding 
°f a new sympathy with, and power of 
therapeutic relief for the lunatic. 

Above all, Freud and his followers are. 
teaching how. by a wiser education, and by 

deeper understanding of the mind and 


its developments, we may learn to obviate 
that dissociation of the personality which is 
the essential fact of insanity. 

GALEN 

A Physiologist at the Dawn of Christianity 

Galen, or Claudius Galenus, in the Latin 
form of his name, was born at PergamuS, in 
Mysia, of Greek parents, about 130 a.d. 
His father, a man of rare qualities, chose 
for his boy the profession of medicine, which 
he began to study when he was about 
sixteen. He learnt in Smyrna, Corinth, and 
Alexandria, and in 164 at length he reached 
Rome, where he spent a great part of the 
rest of his life. He was personal physician 
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to the noble Emperor Marcus Aurelius, and 
afterwards to his worthless son Commodus. 

This assiduous and ardent student became, 
in due course, first a pioneer in many 
points of medical theory and practice, and, 
second, the encyclopaedic mind of his age 
in medical matters. All that was taught, 
written, and supposed, from Hippocrates 
onwards, he endeavoured to reduce to order. 
He was an untiring writer ; indeed, the 
modern student marvels again and again at 
the sheer bulk of the written matter which 
Galen and so many of the ancients left 
behind them. He wrote numerous original 
treatises, and many commentaries upon the 
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writingsof his great predecessor Hippocrates. 
His writings were by no means all medical ; 
the practice of medicine had not, in those 
days, undergone its modern and most 
unnatural divorce from other studies which 
are involved in the health and sickness of 
the mind and body of man. As a boy, 
Galen had been nourished upon the stern 
fare of the Stoic philosophy. He was 
greatly interested in logic, and wrote a 
special treatise on the fallacies of language. 

Galen was not, however, a writer merely. 
In his day there was no science upon which 
medical practice could securely be based. 
He had great clinical success, and an 
unrivalled contemporary reputation, being 
called the “ Wonder Worker/ 1 but his 
results must largely have been due to his 
prestige, and to what we nowadays call 
common sense. None knew better than he 
— none knew so well -that the very 
foundations of his art did not exist, and he 
set to work to make them. This is why we 
must greatly honour him. To be the first 
physician of one’s age, the attendant of 
emperors, the pocketer of huge fees, would 
be enough for many men, but it was far 
from being enough (or Galen. 

Human anatomy scarcely existed in 
those days, but Galen devoted much time 
to the dissection of the bodies of animals, 
notably monkeys. He studied many of the 
higher vertebrates, including one elephant. 
Above all, he is to be ranked as an experi- 
mental physiologist. In his time the 
arteries— or air-carriers, to translate the 
Greek— were, supposed to carry air from 
the heart to the brain (where it was sup- 
posed to be cooled) and other parts of the 
body. Galen opened an artery in a living 
animal, and found that it contained not air 
but blood, though we call these blood- 
vessels arteries, or “ air-car riers,” to this 
day. In the corpse, an artery is found to 
be empty, the blood having accumulated 
in the venous part of the circulation as the 
heart failed at death ; hence the error of 
many centuries. 

Galen fully realised the wonder and 
significance of his physiological researches. 
He tells us that his treatise on the uses of 
the parts of the human body is really a 
hymn to the Deity. " I hold,” he says, 
“ that true piety is shown not in the 
sacrifice of hecatombs of bulls, or in 
raising clouds of fragrant incense, but in 
studying myself to know, and in making 
known to others, the wisdom, the power, 
and the goodness of God.” 

The heart, said his contemporaries, is the 
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seat of the soul — for a man lays his hand 01 
his heart when he is referring to himself 
Hence, also, as the propinquity of the wind 
pipe to the heart shows, the voice come; 
from the heart ! Galen, on the contrary 
correctly stated the functions of the chest 
wall, the larynx, and the nerves of thi 
chest-wall, in the production of the voia 
— a marvellous feat indeed. And Ik 
complains — “ When I tell them this, am 
add that all voluntary movement is pro 
duced by muscles controlled by nerves 
coming from the brain, they call me para 
doxologos — a teller of wonderful tales — ant 
have no argument beyond the assertior 
that the windpipe is near the heart.” 

Galen’s observation upon the so-called 
” arteries ” was extremely valuable, and 
led him, for instance, *to initiate the 
clinical study of disease by feeling the 
pulse. Rut his researches upon the func- 
tions of the nervous system were more 
valuable still. He discovered the relation 
between one side of the brain and the 
opposite side of the body ; he discovered 
what the function of the brain is, indeed; 
and he knew that paralysis of the lower part 
of the body is produced by section or 
damage of the spinal cord. He is, indeed, 
the founder of nervous physiology. After 
all this, it seems almost a trifle that he 
should have been the first to understand 
the function of the kidneys. 

But Galen was a physician, too. He 
not only studied function and methods of 
diagnosis, but also devoted much time to 
therapeutics by means of drugs. 

At this day we speak of " galena,” and 
describe certain pharmaceutical prepa- 
rations as ” galenical.” The methods of 
scientific inquiry, which we call modern, 
and which some suppose Bacon to have 
first devised, were practised consistently 
by this amazing genius —a kind of aftermath 
of the great age of the Greek mind — through- 
out the whole range of his inquiries. His 
successors had only so to proceed, and 
long before the year 1000 men would have 
known far more of health and disease than 
was known in 1850. But the “ thousand 
years of darkness,” of which we are the 
victims today, were to follow. 

Galen knew nothing of that. He went 
on with his work. Apparently he retired 
from practice, and he is said to have 
returned to his native town. It is uncertain 
whether he lived to the age of seventy or 
eighty, and opinion is divided as to whether 
or not he died in Sicily, but it is certain 
that he left an undving name. 
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FRANZ JOSEPH GALL 
The Founder of Phrenology 

Franz Joseph Gall was born near Pforz- 
lirim, in Baden, on March 9, 1758, and 
studied medicine in Strasburg and Vienna. 
In 1785 he qualified, and began to practise. 
}{(> was already inclined to believe in the 
correspondence between certain external 
traits of the face and certain characteristics 
of the mind. This was what today, follow- 
ing Lavater, we should call physiognomy, 
hut thence Gall proceeded to argue that 
cun the form and size of the skull (as 
indicating the form and size of the brain 
within) might correspond to psychical 
characteristics. Hence phrenology — the 
science of the phren, or mind. 

(ialen had shown, sixteen hundred years 
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before Gall, that the brain is concerned with 
menial functions, but the astounding fact, 
one of the most remarkable in history, is 
that, throughout all that long period, prac- 
tically nothing had been added to what 
Gnhn found. Physiological inquiry had 
•milk into a deep and dreamless sleep. 
Science had all but stopped, thanks to its 
natural enemy, dogma. 

beyond doubt, (jail had a great idea in 
this phrenology of his. There was in it 
nothing irrational or improbable ; and if he 
nad called it, as we now should, a “ working 
hypothesis,” and had proceeded to base 
u Pon it those lines of research which it 
Rested, he would have gone far indeed, 
however, he began to lecture on the subject 
as fl arly as 1796, and soon found that his 


views were not to the established taste. In 
fact, his lectures were suppressed, on the 
ground that they were opposed to the 
truths of religion. Meanwhile, Gall had 
obtained a capable disciple in the person of 
Johann Gaspar Spurzheim, and the two 
began to lecture in several countries of 
Europe, reaching Paris in 1807, and begin- 
ning to practise there. Six years later. Gall 
and Spurzheim quarrelled and parted, but 
meanwhile they had composed various large 
works, part of which were formally pre- 
sented to the scientific world in Paris, and 
by it they were received unfavourably. 

This was a very different matter from the 
original condemnation of phrenology — 
without which, so great was its effect as 
an advertisement, we should probably nevei 
have heard of phrenology at all. The French 
men of science judged Gall’s work on its 
merits as a contribution to natural truth, 
and they found it wanting. We now know, 
beyond all dispute, that they were right. 
Gall’s basal idea was reasonable enough, 
but he had no real knowledge, and ex- 
tremely inadequate notions as to the 
fashion in which knowledge of such matters 
can be obtained. The functions of the brain 
have since been localised, and we know that 
not one of the psychical characteristics which 
Gall professed to localise is represented at 
any point or area upon the brain. Muscle- 
groups, and sensations, are there repre- 
sented, but there is no brain-centre for love 
or hate, wisdom or folly, courage or coward- 
ice. Gall taught and practised in Paris until 
his death, on August 22, 1828. 

SIR FRANCIS GALTON 
The Founder of the Science of Eugenics 

Francis Galton was born, near Birming- 
ham, on February 16, 1822, of distinguished 
Quaker ancestry. One of his grandfathers 
was Erasmus Darwin. His other grand- 
father, Samuel John Galton, he describes 
as a “ scientific and statistical man of 
business.” His father had a passion for 
measuring things, and this “ decidedly 
statistical bent,” which was so very con- 
spicuous and useful in Galton himself, 
showed itself, as he tells us, in a useless and 
almost insane form in one of his aunts. 
Through one grandmother, Galton was 
descended from the seventeenth century 
Quaker apologist Robert Barclay, who 
taught and expanded the essential doctrine 
of the Society of Friends, that “ all true 
knowledge comes from Divine revelation to 
the heart of the individual.” 

Galton was born the youngest of a family 
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of seven, and owed much to his invalid 
sister, Adcle, who had spinal curvature, 
and devoted herself to his education. He 
says, “ I am enormously indebted to the 
influence of her pious, serene, and resolute 
disposition.” 

Then the little boy went to school at 
Boulogne, to learn French. He learnt 
nothing, and was miserable. At King 
Edward’s School, in Birmingham, under a 
famous classical teacher, he also learnt 
nothing, but at the age of sixteen he left 
school, and started to study medicine, 
which fascinated and awed him. He learnt 
much at the Birmingham General Hospital, 
and his alert, tireless, statistical mind began 
to work rapidly. He began to take small 
doses of every drug in the pharmacopeia, 
beginning with A, in order to study their 
effects, but stopped after a painful ex- 
perience with two drops of croton oil. He 
soon began “ vaguely to perceive that doctors 
had the fault, equally with parsons, of being 
much too positive.” He saw and deplored 
the inadequacy of medical statistics, for 
which he was to do much in after years. 
Then he studied medicine further in Cam- 
bridge, and at St. George’s Hospital, but 
in 1840 he was taken with a passion for 
travel, and off lie went to the East. 

Francis Gal ton was many things, and 
among them lie was a traveller by nature. 
He could not help himself ; and the pos- 
session of ample means, which prevented 
him from ever qualifying in medicine and 
settling down to practise, enabled him to 
travel largely. He was the first, or among 
the first, to explore the White Nile and 
Damaraland. For this he received the gold 
medal of the Royal Geographical Society. 
His “ Art of Travel,” published in 1855, 
became extremely popular, and went into 
many editions. Those of today who only 
knew Sir Francis Galton as an asthmatic old 
gentleman arc apt to forget he had been 
one of the greatest explorers of his day. 

Perhaps the greatest lesson he learnt 
was his tolerance for, and sympathy with, 
all sorts and conditions of men, though 
doubtless his own nature and the early 
influence of his sister were largely account- 
able also. No words can avail to contrast the 
gentle, wide, calm tolerance of this founder 
of eugenics with the crude nationalism, the 
race prejudice, and the class prejudice which 
abound in the statements of some of his 
contemporary interpreters. Galton had in 
him no vestige of any of these evil things, and 
the student of his lite may begin to under- 
stand why. Ihus, he tells us how, on a 
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visit to Egypt, " the Sheikh was sent for, 
and I shall never forget his entrance. The 
cabin reeked with the smells of a recent 
carouse, when the door opened, and there 
stood the tall Sheikh, marked with sand on 
his forehead that indicated recent prostra- 
tion in prayer. The pure moonlight flooded 
the cabin, and the clear, cool, desert air 
poured in. I felt swinish in the presence 
of his Moslem purity and imposing mien.” 

The foregoing is quoted from the 
" Memoirs of My Life,” which Galton 
published in iqo8, and which must always 
rank as a model of autobiography. The 
ardour, the candour, the humour, the 
delight in life, the humility, the humanity, 
the richness of mind, which were the natural 
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attributes of this illustrious man, arc 
stamped upon successive pages in a fashion 
which reveals the man himself to the life. 
This was the last of his many books ; for 
though he once conditionally promised to 
undertake a volume upon eugenics, lie 
fought shy of the task later. 

In 1853 Galton married a member of the 
brilliant Butler family, but this foumlci 
of eugenics left no children for posterity. 
His marriage introduced him to social life* 
which he enjoyed, though if ever the saying 
was true, if A chiel amang ye taking notes,” 
it was true where he was. He used to count 
people’s fidgets to measure their interest, 
using his own pulse, furtively felt, as a watch- 
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Soon he became connected with the British 
Association, which he served faithfully in 
many capacities, though he twice refused 
its presidency. The special branch of science 
to which he now turned his attention was 
meteorology, upon which he left his mark 
no less definitely than upon geography. His 
passion for recording and comparing obser- 
vations led him to undertake the huge task 
of charting the weather on a really sub- 
stantial scale; and in the course of these 
studies he discovered, named, and defined 
the characters of the meteorogical condition 
which he called the anticyclone, and for 
which, owing to its pleasing character, the 
name of halcyon has recently been proposed. 
At Kew Observatory there was no stopping 
this remarkable man. He standardised the 
sextant. He contrived his apparatus for 
testing clinical thermometers— a most im- 
portant matter — and tens of thousands of 
such thermometers are now annually tested 
by this means. Then lie suggested and 
established the rating of watches and 
chronometers. 

Sooner or later such a man was plainly 
destined to start the measurement of living 
beings. As early as 1865 he had shown that 
talent may be inherited, and was devising 
schemes for measuring it and its inheritance. 
He measured boys at Marlborough, thanks 
to the then head - master, afterwards 
known as Dean Farrar. In 1882 he sug- 
gested the establishment of anthropometric 
laboratories, and he established one at his 
awn expense at the famous Health Exhibi- 
tion of 1884. In order to study the limits 
of hearing, he invented “ Galton’s whistle/* 
whereby the pitch of a note can be raised 
until it can be heard no more. This is in 
daily use by aurists. Here, in passing, he 
came across finger-prints, because he wanted 
a novelty for a lecture requested by the 
Royal Institution. He put his usual 
thoroughness into this subject ; and now, 
all the world over, criminals are identified, 
thanks to his work. Never yet has his 
method failed, and all others are superseded. 
Composite portraits, a fascinating subject, 
came in with the study of criminals, and 
stereoscopic maps “ happened ” in his mind 
by similar mental processes. 

A small fraction of the foregoing would 
suffice to make a great life-work for any 
man, but we have scarcely yet alluded to the 
most important matter of all. The following 
names of books indicate it : “ Hereditary 
Genius,” i860 ; “ English Men of Science/'. 
1874; 41 Human Faculty,” 1883; “Natural 
Inheritance,” 1889. The tragedy is that', 


before this series of books was begun, 
Mendel's work had been already published, 
but Galton knew no more of its existence 
than did his cousin, Charles Darwin. 

In 1883, in “ Human Faculty,” Galton 
introduced the word “eugenics”; and to 
this subject, after many years during which, 
for lack of encouragement, he left it alone, 
he devoted the last decade of his life. He 
had already experimentally disproved 
Darwin’s theory of pangenesis ; he had seen 
the fact of heredity in man; and finally, 
aided by an invitation from the newly 
formed Sociological Society in 1904, he 
initiated the present public interest in and 
importance of eugenics. 

The essential ideas were as old as 1865 in 
his mind, but now the time had come. 
He lived to see eugenic societies founded, 
and to address one of them, to contribute 
to a eugenics review, and to found a eugenics 
laboratory. Those who were honoured by 
his friendship in his later years, to whom he 
confided his dreams, and whom he humbly 
consulted in his plans for their realisation, 
will have an unfailing recollection of moral, 
intellectual, and physical grandeur such as 
it would need the pen of the Browning of the 
“ Grammarian’s Funeral ” to express. 

Francis Galton died on January 18, 1911, 
and by his will founded and endowed the 
Francis Galton Professorship of National 
Eugenics in the University of London, now 
held by his friend Professor Karl Pearson. 

PATRICK GEDDES 
Educator and Sociologist 

Patrick Geddes was born on October 2, 
1854, at Perth, and had a varied education, 
which comprised Perth Academy, University 
College, London, the Sorbonnc, and the 
University of Edinburgh. No less varied, 
and . characteristic of the man, were his 
earlier teaching experiences, which were 
concerned with botany, natural history in 
general, and physiology, in London, 
Aberdeen, and Edinburgh. In between 
these pieces of work, Geddes travelled 
widely, and thus developed his natural 
interest in geography, city-planning, and 
“ regional survey.” He is now, and has 
been for some years, Professor of Botany 
in the University of St. Andrews, but the 
duties of this Chair allow him ample time 
for his ceaseless activities as a teacher and 
student of life in the widest possible sense 
of the word. His work is not easy to 
summarise or define, on account of the very 
variety and originality which make it so 
interesting, but it all depends upon the 
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application of biological principles and 
ideas to the enhancement and exaltation 
of human life. 

His older and more conventional work is 
best represented by his articles on repro- 
duction, variation, morphology, etc., in the 
11 Encyclopaedia Britannica,” and especially 
by the famous volume ” The Evolution of 
Sex,” which he published in 1880, in col- 
laboration with Professor J. A. Thomson, 
of Aberdeen. This book was presented in a 
new edition in 1900; and the suggestion 
may here be made that yet another edition 
is needed in the light of the rediscovery 
of Mcndelism, made in that year. 

In the admirable preface to the edition 
ot 1900 the authors wrote these prophetic 
words: “Our hope is that the growing 
strength of the still young school of ex- 
perimental evolutionists may before many 
years yield results which will involve not 
merely a revision but a recasting of our 
book.” Those results have now been 
obtained, in the manner predicted; and it 
would be a public service for these dis- 
tinguished authors now to recast the famous 
volume which has sown the seeds of thought 
in the minds of so many students throughout 
the world for nearly a quarter of a century. 

The principal thesis of this book, trace- 
able, no doubt, to Professor Gedcles him- 
self, is that the essential difference between 
the sexes consists in the fact that the ratio 
of anabolism to katabolism is higher in the 
female than in the male. To quote exactly, 
“ hi one sex, the female, the balance of 
debtor and creditor is the more favourable 
one ; the anabolic processes tend to pre- 
ponderate, and this pro tit may be at first 
devoted to growths, but later towards 
offspring, of which she hence can afford 
to bear the larger share. . . . Phis for us 
is the fundamental, the physiological, the 
constitutional difference between the sexes. 
... In higher animals, it is true that the 
contrast shows itself rather in many little 
ways than in any one striking difference 
of habit, but even in the human species 
the difference is recognised. Everyone will 
admit that strenuous spasmodic bursts of 
activity characterise men, especially in 
youth, and among the less civilised races ; 
while patient continuance, with less violent 
expenditure of energy, is as generally 
associated with the work of women.” 

Latterly Professor Gcddes's writing has 
been fragmentary, though valuable. His 
mind is too alert and impatient, his prac- 
tical activities too numerous, for him to 
find time for the production of a treatise. 
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The most important of his recent con 
tributions to thought will be found in tin 
first volume (1904) of ” Sociological Papers,’ 
published by the Sociological Society, o; 
which P ofessor Geddes was one of tin 
founders and moving spirits. In the 
summer of 1904 Galt on introduced eugenio 
to the thinking world from the platform ol 
that society ; and Professor Geddes gave 
us the correlative need in his great con- 
ception of what he calls “ civics.” For him 
civics is “ applied sociology.” We must 
take our science of society, itself based 
upon the biology and psychology of the 
individual, and then wc must apply it to the 
making and maintaining of great cities and 
states, great in every true and profound 
sense of the word. That is civics, a new 
word for an idea which is as old, of course, 
as Aristotle, and to which the Greek 
thinker gave the name of “ politics,” now 
“ soiled with all ignoble use.” 

Let us now sec how Professor Geddes 
has sought and seeks to translate this civies 
of his, from the splendid pages above cited, 
to the life of our time. To begin with the 
oldest instance, he has always considered 
that the academic life of the students, 
even at universities of the modern type, 
should have a social and moral basis, 
conforming more or less to what Oxford and 
Cambridge are supposed to be and in part 
may once have been. Thus he set himself 
to establish a University Hall in Edinburgh, 
with splendid success. There he now has 
a summer meeting every year, and his 
famous Outlook Tower, which he describes 
as “ partly a regional and geographical type 
museum, partly also for undertakings of 
gcoteclmic and social purpose -e.g., city 
improvement (Old Edinburgh, etc), parks, 
gardens, etc.” Everyone north of the Tweed 
knows what this work of Geddes has done 
for Edinburgh. 

Then he determined to do the same for 
London. Thanks to him, University Hall, 
Chelsea, now exists ; Crosby Hall has been 
re-erected there, and a definite beginning 
is assured for what as yet has never existed 
in the largest city in the world, a social- 
academic life of students, the young 
” intellectuals ” of both sexes, who are to 
be the salt and salvation of the next 
generation. The University of London, till 
lately a mere examining body, will thus 
yet become worthy of the vastness of the 
city of its habitation. 

In Edinburgh in 1912 Professor Geddes 
expressed his educational fervour and ideas 
in a new and highly successful form. This 
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was his " Masque of Learning/’ divided 
into two parts, Ancient Learning and 
Mediaeval and Modern Learning. This 
masque was practically a pictorial and 
dramatic representation of the history of 
science, from the very discovery of fire until 
our own times. In the " Athens of the 
North ” this masque had the most remark- 
able success. Thousands of school children 
learnt from it, and its educational value was 
so great that in March, 1913, it was repeated 
at the Imperial Institute in London. 

SIR WILLIAM GOWERS 
The Greatest Living Neurologist 

Sir William Gowers was born in London 
on March 20, 1845, and was educated at 
Oxford and at University College, London, 
with which he has been associated all his 
life. He early devoted himself to the study 
of the nervous system, and in due course 
attained the rank of the greatest living 
neurologist, as he now admittedly is. He 
was knighted in 1897, and is a Fellow of 
many learned societies at home and abroad. 

fn 1879 he published his paper on the 
very remarkable malady which he called 
“pseudo-hypertrophic muscular paralysis,” 
find which is now generally known as 
“ Gowers’ disease.” This is a rare but 
extremely remarkable affection of certain 
parts of the nervous system, and, like many 
other diseases, is confined, or almost wholly 
confined, to the male sex. In consequence 
of the nervous degeneracy, the muscles, 
especially of the calves and shoulders, 
become paralysed, but they enlarge in 
bulk, owing to fibrous tissue, which is use- 
less. The mother is thus usually proud of 
her boy’s big muscles, but their size is a 
“ pseudo- hypertrophy.” Within the last 
few years Gowers’ disease has received 
special genetic study by those who are 
unravelling the laws of sex-limited inherit- 
ance, and we now know that this disease, 
like colour-blindness and many others, obeys 
the Mendclian law with a sex-limit. 

Sir William Gowers has also made valu- 
able contributions to the study of epilepsy, 
and of the various appalling forms of damage 
which are done by the poison of syphilis in 
the nervous system. He has been prevented 
by ill-health from doing very much original 
work in recent years. 

ERNST HAECKEL 
The German Popularlser of Darwin 

Ernst Heinrich Haeckel was born at 
Potsdam on February 16, 1834, and was 
educated at Berlin and Wurzburg under* 


such great men as Johann Muller and 
Rudolf Virchow. At the early age of twenty- 
eight he was made a Professor of Zoology 
at Jena, and he held that Chair until his 
retirement, in 1909. 

When the young Haeckel was appointed 
to his Chair, the “Origin of Species” had 
just been published. The ardent young 
German naturalist' became a disciple of 
Darwin, and he, more than all others put 
together, has been responsible for the 
sj e d of the idea of organic evolution in 
Germany, playing, with no less vigour of 
belief and phrase, the part which Huxley 
played in England. Never did gentle man 
have more hot-blooded disciples. 

Haeckel has always been a copious 
writer, and his writings on organic evolution 
and the ultimate problems of philosophy 
are very extensive. His “ General Mor- 
phology ” was published in 1866, and the 
“ History of Creation ” two years later. A 
recent and authoritative critic, Dr. Merz, 
says of these works that they “ represent 
ti e first brilliant attempt to fill up con- 
jccturally the broken lines of development 
and descent as the Darwinian conception 
of living Nature postulates them. As a 
first and daring approximation, they deserve 
to have assigned to them a prominent place 
in the history of the scientific thought of 
our age.” Darwin’s own verdict on these 
early works runs as follows : “ Professor 
Haeckel has brought his great knowledge 
and abilities to bear on what he calls 
phylogeny, or the lines of descent of all 
organic beings. In drawing up the several 
series he trusts chiefly to cmbryological 
characters, but receives aid from homo- 
logous and rudimentary organs, as well as 
from the successive periods at which the 
various forms of life are believed to have 
first appeared in our geological formations. 
He has thus boldly made a great beginning, 
and shows us how classification will in the 
future be treated.” Huxley, also, wrote as 
follows : “ Whatever hesitation may not 
unfrcquently be felt by less daring minds in 
following Haeckel in many of his specula- 
tions, his attempt to systematise the 
doctrine of evolution, and to exhibit its 
influence as the central thought of modern 
biology, cannot fail to have a far-reaching 
influence on the progress of science.” 

Haeckel's central idea is what he calls 
the “ law of biogenesis.” His readers may 
suppose it to be his, but it is much older. 
He, however, has used it for all that it is 
worth — and, as we now know, a great deal 
more. It asserted that the history of each 
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individual is a recapitulation of the history 
of the race, and thus Haeckel has con- 
structed, especially from the evidence of 
individual development, a genealogical tree- 
table of all living organisms, showing their 
descent as thus inferred. 

Our quotations from Darwin and Huxley 
suffice to suggest that Professor Haeckel is 
a bold writer. In fact, he is the advocate 
rather than the seeker for truth. His mind 
is filled with the splendour of the theory of 
organic evolution, and with the most 
unmitigated detestation of anyone who 
thinks otherwise, especially in the name of 
religion. He feels that he must prove the 
case in which he so earnestly believes as 
containing everything necessary for human 
salvation as he understands it ; and the 
ingenuous reader is apt to pass from the 
realm of fact to that of speculation, in this 
author's company, without any conscious- 
ness of the hazard incurred. 

No doubt the doctrine of organic cvolu- # 
tion needed all possible help. It was in a 
tiny minority, and all established things 
were against it. Haeckel was a magnificently 
endowed champion, and his services can 
never be forgotten. He saw the living 
world, animal and vegetable, as a whole, 
and tried to bring the history of .plants into 
line and order with that of animals. Every 
kind of argument was necessary for his 
purpose, and thus he never 'rejected the 
views of Lamarck in order to advocate those 
especially associated with the name of 
Darwin. He has thus avoided the errors 
of the neo-Darwinians, and his writings have 
gained in breadth proportionately. 

As Dr. Merz says, “ It is his undoubted 
merit to have attempted for the first time 
to carry out this general scheme on a large 
scale, and by means of detailed pedigrees, 
beginning with the undefined organisms 
in which as yet the peculiar characters 
of animal —and plant — life do not appear to 
be differentiated, and ascending in two 
great trunks into the vegetable and animal 
kingdom, and thence through many ramifi- 
cations into the several classes, families, 
genera, species, and varieties of living 
things, to construct the supposed real, 
natural system for which systematists had 
been unconsciously searching since the age 
of Ray and Linnaeus.”- * 

An author so enthusiastic, so bold, so 
confident of his view’s even where no 
evidence existed, could not fail to be in- 
valuable as a controversialist. Throughout 
the world for many years he has been the 
acknowledged champion not merelv of 
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organic evolution, but of a thoroughgoing 
naturalism which is typically and utterly 
materialistic in every particular. Darwin 
did not publish his views upon man until 
1871, and three years later Haeckel was 
ready with his large work “ Anthro- 
pogenie,” of which a revised edition has 
lately been translated into English. More 
important still, from its influence upon the 
popular thought of our time, has been the 
“ Weltrathsel,” or " Riddle of the Uni- 
verse,” which was published in 1899, and 
of which, in the original and in twenty-four 
translations, several hundreds of thousands 
of copies have been sold. 

In this extremely able and engrossing 
book the dogmatism and violence of the 
author’s mind have reached their height. 
The modest level of Huxley’s " agnosti- 
cism ” finds no counterpart here. This 
author does not assert himself to be one 
who does not know about the ultimate 
problems. On the contrary, he does know, 
and asserts the fact accordingly. Biology 
is left behind altogether — not merely the 
special departments of it which the author 
has studied at first-hand, but biology as a 
whole. The author passes into the realms 
of philosophy, and gives his conclusions there. 

This is, of course, a perfectly legitimate 
process. Philosophy must be in ajeord 
with the facts of science ; and the man of 
science ought not to be content until he 
has tried to make his “facts fit into or serve 
towards the construction of a system of 
philosophy. But the methods which serve 
when a first-hand student is stating the 
facts of the embryology of some animal 
for the reader who has not studied them 
for himself are not necessarily adequate 
when the author employs them for the 
solution of the problems of the ages. 

Professor Haeckel, as a philosopher, is 
not to be taken seriously, though he must 
have captured the minds of a vast host 
of young people throughout the world 
Just as, in the dawn of Darwinian specula- 
tion, the young Haeckel was sure and went 
gaily ahead, where Darwin ahd Huxley 
knew that they knew nothing, and where 
later research has not justified him, so in 
his old age this remarkable man is sure of 
his answers to all the ultimate problems 
of the nature of life and. matter, the origin 
and destiny of man and the universe. 
his strenuous life is a little prolonged, 
his eightieth birthday will find him the 
recipient of honour from all throughout the 
world who, whatever their own opinions 
value ability, sincerity, and devotion- 
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WILLIAM DAM PIER— A ROMANTIC VILLAIN 
WHO SAILED THE SEAS 

JOHN DAVIS— THE MAN WHO LED THE 
WAV TO THE NORTH-WEST PASSAGE 

LOUIS DE BOUGAINVILLE -THE FIRST 
FRENCHMAN ROUND THE WORLD 

JUAN DIAZ DE SOLIS— THE HAPLESS 
EXPLORER OF SOUTH AMERICA 

BARTOLOMEU DIAZ — A GREAT "EXPLORER 
WHO SAW, BUT DID NOT CONQUER 

SIR FRANCIS DRAKE— THE GREAT SEA- 
ROVER OF ELIZABETHAN DAYS 

WILLIAM DAM PIER 

The Most Romantic Villian who Ever Sailed 
the Seas 

W illiam DAMPiERwas born near Yeovil, 
and was baptised on June 8, 1652. 
Circumnavigator, pirate, privateer, hydro- 
grapher, diarist, author, Dampier stands 
out one of the fascinating yet unlovely 
figures of the spacious bad old days. He 
lived a hundred men's lives, faced death in 
as many forms, yet died in his bed, and 
remains as well known to our generation 
as if he had lived but a generation ago. 
His life is full of the wildest romance. 

His father, a small fa*jner, died when the 
boy was but ten; and his mother, who had 
given him as sound an education as was 
available at the Yeovil Grammar School, 
succumbed six years later, so that Dam- 
pier’s world- wide wanderings began when 
he was sixteen. After experiences of the 
sea which took him westward to New- 
foundland and eastward to the Dutch East 
Indies, he joined the Navy, and fought as 
an able seaman in the Dutch War of 1673, 
returning invalided. Then he went out to 
Jamaica, whence he drifted on to Cam- 
peachy, famous then, as now, for its woods. 

In his rough, wild way Dampier was 
always a student, and began a diary which, 
with certain omissions, he continued more 
or less to the end of his days. He had an 
inherent faculty for the calling of the pilot 
and the charting of unknown seaways ; he 
nad also the daring instinct of the man 
who today finds solace for his turbulent 
spirit in the semiisavagery of the mining 
settlement. He Jhrew in his lot with the 
l°g-cutters of Campeachy; then, after a 
couple of years of hard work, he returned 
1° England with his earnings, married, but 
was soon off again, this time to join a 
S ail g of pirates, whom he euphemistically 
described as privateers. But, as they 
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PAUL DU CHAILLU — A TRAVELLER IN 
THE HEART OF AFRICA 

EDWARD JOHN EYRE— A GREAT TRAVEL- 
LER IN AUSTRALIA , 

SIR JOHN FORREST — EXPLORER AND 
STATESMAN 

SIR JOHN FRANKLIN— THE HERO OF THE 
NORTH-WEST PASSAGE 

SIR MARTIN FROBISHER— A FOLLOWER 
OF THE LURE OF GOLD 

SIR HUMPHREY GILBERT— THE FIRST 
ENGLISH COLONY IN AMERICA 

themselves announced to their victims, 
they carried their commissions on the 
muzzles of their guns. With his lawless 
comrades he marched across the Isthmus 
of Darien, where today American engineers 
are putting the finishing touches to the 
Panama Canal. They sacked cities, were 
repelled with loss from others, fell out, as 
is the way of rogues, and divided their 
forces. Dampier and four others, joining 
a French piratical craft, exchanged into one 
commanded by an Englishman ; then, 
finding their oWn ship too small, helped 
themselves to a larger — a Danish ship 
which mounted thirty-six guns. In this 
they joined other freehooting vessels, and 
harried 'the coasts of Chili, Peru, and 
Mexico, sailing thence across the Pacific 
and touching at the Philippines, China, and 
Australia. On the way they ran short of 
provisions, and fetched land with only a 
day’s supply left, and when a majority 
had planned to eat, first their captain, who 
was a plump man, and such others as 
might be necessary to enable them to 
complete the voyage. Dampier was lean, 
but marked as edible. 

They left their captain and a number 
of the crew behind before reaching Aus- 
tralia, and afterwards Dampier with three 
companions were put ashore on Nicobar 
Island, whence they made their way in a 
native canoe, amid terrible perils, to 
Acheen. Dampier’s skill as a navigator 
brought them through, but the terrors of 
the voyage, the storms they encountered, 
and the privations they ensured seem to 
have shaken even his iron nerve, and to 
have caused him to reflect on his evil past. 

But it was the same impenitent Dampier 
who reached England to publish his almost 
incomparable “ Voyage Round the World.” 
’ Mainly on the strength of this, which had 
a remarkable sale for the time, and a later 
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volume, “A Discourse of Winds/ 1 which 
remains a classic even now, he was appointed 
to the command of a ship sent out by the 
Government to explore the great Southern 
Ocean. Dampier sailed in January, 1699, 
and explored the north-west, coast of 
Australia, and the coasts of New Guinea 
and New Britain, giving his name to the 
Dampier Archipelago and Strait. On the 
way home his ship, which had become 
utterly unseaworthy, had to be beached at 
Ascension Island, which was then un- 
inhabited. Happily the mariners found a 
spring of fresh water and abundance, of 
goats and turtles, and lived in relative 
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comfort for some four months, when a 
passing ship took them off. 

Dampier’s two visits to Australia were 
important in the history of exploration. 
His first sight of the island-continent, 
described in his volume, stimulated public 
curiosity and interest. It was a truly 
British act to send a ship so far on such an 
errand. The Dutch had established con- 
tacts with various points of the continent, 
but nothing serious was done beyond the 
bestowal of various names associating the 
land with the story of Dutch daring in their 
great days of sea-power. 

Dampier’s second visit was the first 
successful attempt to gain an accurate 
notion of the features of the land that lay 
out in the mysterious Southern Ocean From 
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Shark’s Bay he explored the coast-line for 
nine hundred miles, and made good and 
useful charts. But the curious thing is that 
the knowledge he gained served but to 
retard the colonisation of the island-conti- 
nent. He happened to touch Australia along 
a line where her most repulsive features are 
exhibited ; he saw nothing but grim savages 
and fabulous beasts, no sign of fertile 
land, only barren rocks and worthless waste 
expanses. And it fell out that while interest 
in the mystery never diminished, desire to 
possess was not kindled until Captain Cook 
descended upon the smiling east coast 
of the island-continent, and saw that the 
land was beautiful and of rich promise. 

In connection with this voyage Dampier 
was court-martialled for gross ill-treatment 
of his lieutenant, punished, and declared 
unfit to command a ship. Still, he was sent 
out again in command of two privateers to 
the South Seas, and met with nothing but 
failure. He was utterly unfitted to 
command. The master of his second ship 
was Alexander Selkirk, and him Dampier 
marooned on the island of Juan Fernandez. 
Selkirk lived there alone for four years and 
four months. At the end of that time there 
arrived a buccaneer in the person of Thomas 
Dover, M.I)., inventor of the “Dover’s 
powder ” still sold by the chemists. On 
board, as pilot, was the erstwhile Captain 
Dampier. He had remembered Selkirk, and 
they took him off. Dampier went round the 
world again with Dr. Dover, and on the way 
they sacked the city of Guayaquil, in Peru, 
stored their plunder in the church, and 
slept on it, to be “ annoyed ” by the smell 
of the recently buried bodies of persons who 
had died of plague. Within cight-and-forty 
hours, nine score of the men were struck 
down with the sickness, yet Dover saved 
all but eight of them. 

But the main, interest of this voyage for 
us today is the redemption of Alexander 
Selkirk. An account of the incident was 
written by Woodes-Rogers, Dover’s chief 
commander. Defoe read the story, and 
out of it created the imperishable “ Robinson 
Crusoe.” So indirectly we owe that match- 
less treasure to Dampier — first, for maroon- 
ing Selkirk ; secondly, for bringing him off. 
Dover and party returned to England in 
1711, bringing booty y^Jued at £200,0 00. 
But Dampier did not live to receive his 
share, the money not being apportioned until 
1719. He died in March 1715, and his will 
is still preserved. * The amount of his estate 
is not mentioned, but the will disproves the 
statement that he died in poverty. It 
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x strange and lurid career, abounding in evil, 
/r t productive of benefit to his generation. 
It? was a born navigator, a keen observer, a 
m^tworthy. hydrographer, and his writings 
ire u precious index to his times. 

JOHN DAVIS 

The Maa who Led the Way to the North- 
West Passage 

John Davis, who was born at Sandridge, 
icar Dartmouth, in or about 1550, was one 
>f the fathers of Arctic navigation. Like 
Frobisher, he dreamed of a North-West 
Passage, and succeeded in, enlisting for his 
project such substantial interest that in 
[585 he set out, after long experience of the 
,ea, to make his way where so many other 


We need not follow the intrepid seaman 
through all his perils and disappointments, 
either of this voyage or the two which 
followed. The third was the most productive 
of results, for this time he succeeded in 
reaching 73 degrees north latitude. Here he 
discovered Davis Strait, spelled with an “ i,” 
though its discoverer signed his name with 
a “y.” Davis Strait washes the western 
coast of Greenland and connects Baffin's Bay 
with the Atlantic Ocean. Baffin's Bay, 
discovered in 1562, was still regarded as one 
of the fables of the navigator ; it was not 
explored until 1612, when Davis had been 
seven years in his grave. Davis Strait was 
the greatest achievement of the gallant 
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men were valiantly but ineffectually to 
follow. To him we owe the rediscovery of 
Greenland. Drifting further and further 
from the cognisance of Europe, Greenland, 
After the Eskimo invasion had stamped out 
the last of the Norwegian colonies, had 
-eased to exist so far as the. rest of the world 
was concerned. Absolutely nothing had 
been heard of it for a century and a quarter 
Prior to the arrival of Davis in 1585. 
• jPproaching , frpm eastward, he searched 
die coast to the southward ; then, doubling 
f ape Farewell, turned again north, left the 
,ce behind, and saw. green isles and fair 
and thought himself past all danger. 
Uie way seemed open. to China 1 


fellow whose name it perpetuates, and with 
it ended his quest of the impossible path 
across the weary waters to Cathay. 

Davis made many subsequent voyages in 
different capacities, and was killed at last 
by Japanese pirates, who treacherously 
boarded his ship at Bintang. He was a 
daring navigator, skilful, bold, and original. 
He wrote of his voyages, arid published a 
volume of sea-craft which had a wonderful 
circulation. To the end he maintained that 
a North-West Passage must exist. The sea 
cannot freeze, he urged ; there is, and must 
be* a way round the climate is possible in 
the higher Arctic latitudes — nay, desirable ; 
and he pictured a race of people living at the 
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North Pole superior to the rest of mankind, 
through enjoying perpetual light “ by the 
benefit of twilight and full moons.” Davis 
died towards the end of December, 1605. 

LOUIS DE BOUGAINVILLE 
The First Frenchmen to Go Round the World 

Count Louis Antoine de Bougainville, 
born in Paris on November n, 1729, was a 
man of many careers. The son of a notary, 
he was destined for the Bar, and practised 
as an advocate, but, having no taste for 
law, he devoted himself to science, and 
published a mathematical treatise. Then, 
finding science too quiet, he obtained a 
commission in the Black Musqueteers. He 
afterwards threwupsoldicringfor diplomacy, 
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and came to London as secretary to the 
French Embassy; and at last he put out 
to sea, and sailed and fought his way to the 
position of an admiral. He afterwards 
entered the political world, and became 
a senator and a Count of the Empire under 
Napoleon. In his younger days he was 
aide-de-camp to Montcalm at Quebec, and, 
on the death of his leader, he directed the 
retreat of the French troops. 

The explanation of his widely varied 
career is that he was a born adventurer. 
He loved the race more than the prize, the 
struggle more than the victory ; to him a 
successful adventure was an adventure that 
had lost its zest. He was one of those wild, 
swift, brilliant spirits that usually flash 
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like a meteor and leave no trace. But he 
made his mark on the world by a mistake. 
The Peace of 1763 left him idle, and idleness 
was the one thing he could not bear. So 
•he brought before a powerful Minister a 
plan for colonising the Falkland Islands, 
nearly at the south of South America, with 
French settlers from Canada, now conquered 
by England. A man of fine presence and 
great persuasion, he had sufficient influence 
at Court to get his way. Two ships were 
built for him at St. Malo, and on these he 
took several Canadian families to the 
Falkland Islands, which really belonged 
to Spain. Spain claimed them, and made 
good her claim, so that Bougainville’s mad 
project at colonisation was exploded. But, 
in order to put to some use the last equip- 
ment prepared for him, he set out, in 
November, 1766, to circumnavigate the 
world and explore the South Seas. 

He left the mouth of the Loire on 
November 15, 1766, in “ La Boudeuse,” a 
frigate of twenty-six guns, with a crew of 217 
officers and men. Very leisurely he coasted 
down South America, gave an entertain- 
ment to the savages of Terra del Fuego, and 
went through the Straits of Magellan. On 
arriving in the South Seas, he touched at 
many of the islands, discovering some of 
the Samoa group, and surveying and fixing 
the position of other important lands. He 
then followed the coast of New Guinea 
and penetrated into the Indian Ocean, and, 
rounding the Cape of Good Hope, he arrived 
in France after a voyage of two years and 
four months. Being the first Frenchman to 
circumnavigate the world, he became very 
popular in his own country. He has the 
merit of discovering and reconnoitring some 
groups of islands little known before his 
time, but his fame is largely due to the 
charm and brilliance of his story of his 
voyage. In the American War he fought 
our ships off Martinique, was made vice- 
admiral in 1791, created a Count by 
Napoleon, and died, full of years and 
honours, on August 31, 1811. 

JUAN DIAZ DE SOLIS 
The Hapless Explorer of the South American 
Coast 

Juan Diaz de Solis was a Spanish navi- 
gator who, in 1509, discovered the vast 
province of Yucatan, on the American 
mainland. The expedition, undertaken m 
concert with Vincent Pinzon, was not re- 
markable in itself, but it led to discoveries 
of the utmost importance. Two years later, 
Juan Diaz de Solis and Vincent Pinzon 
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sailed southward, and entered the mouth 
of the Amazon. They landed several times, 
ami took formal possession of the territory, 
but on account of the small resources they 
had at hand they were unable to found any 
colony. The principal result of the voyage 
was the more exact knowledge it gave of 
tlu* extent of the American continent. 

])e Solis was a skilful map-maker ; it was 
by distinguishing himself in this respect 
that he emerged from obscurity. On re- 
turning from the Amazon, he was appointed 
the Royal Pilot, and afterwards entrusted 
with the supervision of naval charts. What 
he wanted, however, was to continue the 
exploration of South America in the hope of 
finding a passage to India. He thought it 
was impossible that the American mainland 
could extend far southward without a 
break. He expected the southernmost 
part would be a large island, with a quick 
and easy waterway to India and China. 

In 1512 he set out on a voyage of ex- 
ploration to South America from the point 
it which he had arrived with Pinzon. He 
anchored in the bay of Rio Janeiro, and, 
after exploring the coast of Brazil, dis- 
covered a vast arm of the sea, which he 
thought was the passage he sought. He 
took possession of the southern coast in the 
name of the King of Spain, and he called the 
water that stretched before him the Fresh 
Sea. Standing close to the land, he saw 
some Red Indians, who called the river 
Paranguaza, which means “ great water." 
The Spanish explorer saw some traces of 
gold in the river, and gave his own name to 
it. But at the present time the Rio de 
Solis is better known as the River Plate. 

Be Solis sailed back to Spain, and 
obtained from the king the right to con- 
quer the land he had just discovered. On 
October, 1515, he left the port of Lepe 
with three ships and sixty soldiers. Arriving 
at the River Plate, he set out to explore it 
more thoroughly, and ventured into the 
interior. The natives gave him a very 
friendly welcome, and offered him gifts, 
bull of confidence, he went on until he fell 
into an ambush, and was killed, with all 
the men that followed him. The scenes of 
cannibalism that ensued were dreadful, and, 
hearing of them, the Spaniards at once put 
°ut to sea, and sailed back to Spain. 

BARTOLOMEU DIAZ 
A Gr * at E *Plor«r who Saw, but Did Not Conquer 

Bartolomeu Diaz, the Portuguese navi- 
Kjftor who discovered the Cape of Good 
n ope, first appears definitely in history in 


i486, when he was entrusted by John II. 
of Portugal with the task of finding out 
where the West Coast of Africa led. There 
is some hazy evidence as to his residence at 
Court, and association there with men of 
light and leading, who were dreaming 
dreams of empire, in far-off lands, which 
lands must be reached by seaways not yet 
explored. Europe five centuries ago was 
in as complete ignorance as to what lay 
beyond a few days' sail of their own coast- 
line as we were in ignorance until a short 
while ago as to the nature of the country 
round about the Poles. The condition is not 
so inconceivable when we recollect that, 
such was the horror of ocean-travel enter- 
tained by Japanese of a Japan men now 
living remember, that they had ships of 
such build that if they .put out into the 
open sea, beyond the protection of their own 
shores, they must willy-nilly capsize. 

Europe had hugged her own coasts, and 
not ventured beyond well-marked points. 
What lay along the West Coast of Africa 
no man knew ; whether the coast led on 
indefinitely to that fabulous abyss, that gulf 
which the circumnavigator must " shoot " 
to reach the other side of the world, none 
could tell. The most southerly point known 
was what is now called Liideritz Bay, in 
Namaqualand. Diaz was chosen by John II. 
of Portugal to get to the back of the beyond 
of this point, and see what happened. He 
sailed, in 1486, in two small ships, reached 
the “ farthest south " known to his nation, 
and then for thirteen days ran before storms, 
out of sight of land. He might have turned 
sooner had he known, for he had outrun 
the continent. He turned east now, and 
was still on the wrong tack, so he steered 
north, and in 26 degrees southern latitude 
once more touched land. 

After his long southerly run he had, by 
turning east and north, touched the 
southernmost point of Africa. Although 
he did not realise it at first, he was more 
than half-way round the then truly Dark 
Continent. He got as far as the mouth of 
what is now named the Great Fish River, 
half-way between Port Elizabeth and East 
London, on the south-east coast of Cape 
Colon v, and then his crew, fearing that they 
were in peril of never seeing their homes 
again, insisted on his returning. Before he 
complied he clearly observed that the coast 
trended to the north and east ; he had 
.come down one side of Africa, and saw the 
corresponding coast running in the opposite 
direction before him, and he went home in 
triumph to tell the great news that the 
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way to the golden East lay open. On the 
way back he saw the Cape, past which 
violent gales had hurled him on the way 
down, and he called the spot the Cape of 
Storms, a name happily converted after- 
wards into the Cape of Good Hope. 

For reasons which are not at this time 
obvious, when the expedition to India was 
fitted out, not the worthy Diaz but Vasco 
da Gama was appointed to the com- 
mand. Diaz was responsible for fitting out 
the ships, and accompanied the expedition, 
under Da Gama, but was sent back by Da 
Gama to Portugal when they reached Cape 
Verde Isles. Again, when Pedro Alvarez 
Cabral was sent with a punitive fleet to 
: .:act vengeance for the massacre of Portu- 
guese settled in the new-found India, Diaz 
was of the company, and was present in the 
wonderful adventure in which Cabral, 
seeking to avoid becalming off the coast of 
Africa, took too westerly a course, fell into 
the South American current of the Atlantic, 
and was carried to the coast of Brazil ! 

Diaz had set out to see the new empire in 
the East ; lie had lived to see C abral proclaim 
i new one in the West, as he did without 
Hesitation, before resuming his voyage to 
India. But Diaz was fated never to reach 
India. Terrible storms beset the fleet, 
seven of the twenty vessels foundered off 
his Cape of Storms, and he was among the 
lost. He had opened the seaway to India, 
but he was never permitted to see the land ; 
he had explored nearly 1300 miles of coast 
unknown since the time of the ancients, but 
he died at sea, unrewarded, within a month 
of the taking of the westerly province which 
he had not set out to seek. His death 
occurred in May, 1500. 

SIR FRANCIS DRAKE 

The Great Sea-Rover of Elizabethan Days 

Francis Drake was born, of obscure parent- 
age, at Crowndale, near Tavistock, about 
1540. The only indisputable fact as to his 
youth is that he was apprenticed to the 
owner of a small coasting vessel, and that his 
master, being childless, left the vessel to his 
apprentice. After some adventures on his 
own account in the coasting trade, he sailed 
to Guinea and the Spanish Main, and at 
twenty-seven commanded a small vessel, one 
of a little fleet fitted out by his kinsman 
Sir John Hawkins, who had the inglorious 
distinction of being the first Englishman to 
traffic in slaves. The expedition ended 
disastrously, all the ships save Drake’s and 
another being destroyed by the Spaniards. 
At this time, and for many years afterwards, 
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England and Spain were at peace so far as 
the two Courts were concerned, but at sea, 
or in distant ports, English ship fought 
Spanish ship, and English freebooters, of 
whom Drake was the most illustrious 
example, sacked Spanish towns and seized 
Spanish treasure without the faintest sugges- 
tion of hesitation. 

All the Elizabethan sea warriors and navi- 
gators were neither more nor less than 
buccaneers ; they fought and beat and 
despoiled their like in Spanish seamen, who 
in turn were buccaneers. Yet the two 
nations were nominally at peace ! In the 
expedition noted, Drake got his first real 
taste of Spanish methods, and to his dying 
day lie was repaying, and more than repay- 
ing, his enemies. Following the disaster to 
his fleet, Drake was sent by Hawkins to 
Court to complain of the treatment received, 
and succeeded in getting letters despatched 
demanding compensation for the injury 
sustained. Possibly no one would have been 
more disappointed than Drake had he 
succeeded. He made two voyages to the 
West Indies, apparently to spy out the land, 
and then set forth with two small ships, 
seventy-three men, three collapsible pin- 
naces, and in due season arrived at 
Nombrc de Dios, the gathering-ground fm 
all the treasure brought from Mexico and 
Peru to Panama to await shipment for 
Spain.’ Here he was joined by a third vessel, 
but her crew were left to guard the Throe 
ships, while Drake and his men went off in 
their pinnaces. 

They attacked the city; they mastered 
the Spanish troops ; they marched to the 
governor’s house and found such stacks of 
silver, estimated to be worth a million 
pounds, that they could not carry it away ; 
marching then to the treasure-house in 
which were kept the gold and jewels, they 
again found more than the pinnaces could 
carry. His men, fearing an attack while 
engaged in making themselves masters of the 
treasure, hung back. Drake, who was on the 
point of fainting from a wound., told them 
that he had brought them to the mouth of 
the “ Treasure of the World ” ; if they 
would not have it, they must blame them- 
selves. With that he ordered the door to be 
broken open, but swooned as he did so. His 
men carried him back to the boats, and the 
Treasure of the World remained untouched. 

Upon recovering from his wound, Drake 
seized and burned Porto Bello, captured 
many Spanish ships, waylaid and seized vast 
treasure from overland caravans, and finally 
reached home with wealth enough to cstafr 
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lisli him for life. But before he set sail for 
England he induced friendly Indians to lead 
him to the highest point of the isthmus of 
Darien (now Panama). There they pointed 
out to him a tree, from the top of which, they 
told him, he could see the North Sea by 
which he had come, and the South Sea 
towards which he was going. Drake climbed 
the tree, and there beheld on the one hand 
the Atlantic, and on the other the Pacific, 
or, as it is called at that point. South Sea. 
He was the hrst Englishman ever to view 
the stirring picture; and with that touch of 
romantic enthusiasm which never forsook 
him, even in his most violent moods, he 
“ besought Almighty God of His goodness 
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to give him life and leave once to sail in an 
English ship in that sea.” 

He reached home in 1573, was engaged 
with Essex in the operations against Ireland, 
and in 1577 sailed on his memorable voyage 
round the world. He took with him one ship 
ol 100 tons, one of 80 tons, and three lesser 
cralt. Of these, two were burnt as useless, 
one was swamped, and the other returned 
home. Only Drake’s ship— which, setting 
forth as the “ Pelican,” was renamed ” The 
Golden Hind ” as she entered the Magellan 
Strait — only she compassed the voyage. 
Drake did not set out to circumnavigate the 
world ; none but himself knew his intended 
course. His real purpose was plunder. But 
it is the most dazzling piratical expedition 
ever undertaken. After the straits were 
passed, they were driven for nearly two 


months out ot their course by storms. Witl 
the advent of better weather they coaster 
along Chili and Peru, gathering enormous 
booty on the way. One ship alone, tin 
“ Cacafuego,” yielded them gems wortl 
£ 200,000 , in addition to twenty-six tom 
of silver and eighty pounds of gold 
Drake could now have returned home, anc: 
possibly would have gone back by th< 
course followed outward, but that hi 
feared another stormy passage. He decided 
therefore, to cross the Pacific, and foi 
sixty-eight days they sailed without sight 
of land. Passing the Moluccas and Java, 
and rounding the Cape of Good Hope, he 
reached Plymouth in safety, having in two 
years and ten months sailed round the 
world, the first Englishman to do so. 
He had been anticipated by Magellan’s 
lieutenant alone. 

Queen Elizabeth did not know whether 
she ought to honour him for having accom- 
plished his feat, or to clap him into gaol as 
a pirate—' the master-thief of the unknown 
world,” as honest critics named him. The 
Spanish ambassador clamoured for lm 
incarceration, and the return to Spain ol 
his booty. Finally, the Queen declared that 
Drake had but made reprisals for the 
damage done by Spaniards to English 
shipping ; that the Spanish had no right 
to claim the American continent, and tr 
debar other nations from colonising, or to 
warn the ships of other nations off the 
ocean. Moreover, if, as was reported, the 
treasure brought home by Drake was 
worth a million and a half, she had had to 
spend far more in suppressing rebellions 
in England and Ireland fomented by 
Spain. And then she went down to Dept- 
ford, whither the “ Golden Hind ” had been 
taken, dined with Drake, and knighted 
him, as the only man who had ever com- 
manded a ship throughout a voyage 
round the world. 

Afterwards Drake led other expeditions 
against the Spanish treasure-ships. His 
glorious share in the battle with the Armada 
is part of history known to every child. 
During his closing years he spent some 
few years on shore, acting as mayor of 
Plymouth, for which city he personally 
secured an .ample water-supply, besides 
representing it in parliament. His last 
expedition was to Porto Bello, which, 
nearly a quarter of a century earlier, he 
had burnt. He was seized with dysentery 
before he had achieved the object for 
which he had set out, and died, as was most 
fitting, on his ship on January 28, 1596 
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Croup 2-seeKer$ and finders of new lands 

Drake was incomparably the greatest and then at a mission station in the Gaboon, 
Hainan of his age. He was a benevolent a French colony on the West Coast of 
autocrat to his crews, and was regarded as a Africa, between the Atlantic and the 
model of chivalry, for the time, in his middle Congo. His father was the repre- 
ncatment of his prisoners, though he held sentative of a French trading house, and 
inh Spaniards to ransom. He was just the boy, before his twentieth year, had 
and generous in his private dealings, attained a reputation on the strength of 
Judged by the standards of our time articles contributed to the American Press 
in* was one of the greatest pirates that on travels he had achieved in the surround* 
rver lived, but it was an age of pirates ; ing country. The result was that he was 
and his fellow-countrymen regarded him despatched by a learned society of Pliila- 
]iot as a filibuster but as a champion of delphia on a mission of exploration, and 
i heir religion against the hated Spaniard, for four or five years he did admirable 
\\V must remember that there still lingered work, travelling into the heart of the 
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die memory of King Philip’s brief stay in 
England as consort of Mary Tudor, and 
in .my a household was still mourning the 
victims of that misguided Queen’s sanguin- 
ary methods of enforcing acceptance of the 
^ ligion of Spain. Drake’s mighty victories 
nvor the Spaniards were therefore balm to 
many a wounded heart ; and as for his 
booty — well, had not the Israelites, with 
no better warrant, spoiled the Egyptians ? 

PAUL DU CHAILLU 
A French Traveller In the Heart of A f rlca . 

Paul Belloni du Chaillu was born on 
J n ty 31, 1835, and educated first in Paris, 


land of mystery, as the French Congo then, 
was, describing the country, its people, and 
their habits. He covered about 8000 
miles on foot, and published his results in 
a volume, “ Explorations and Adventures 
in Equatorial Africa.” The work was one 
of considerable importance at the time as a 
contribution to the literature of a subject 
but little known. 

In the course of his book he dealt at 
length with the man-like ape now known 
to all the world as the gorilla. Although 
Andrew Battel, an English sailor who 
travelled in Guinea in 1590, had supplied 
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the world with an admirable account of 
the gorilla, which appeared in Samuel 
Purchas's " Pilgrimage/* Du Chaillu 
was not believed. Eliminate from Battel’s 
story his statement that gorillas beat and 
drive away elephants, and that “ they go 
in bodies to kill many negroes,” and his 
account of the gorilla might have been 
written yesterday. Scientists did not 
believe the admirable Andrew, and they 
did not believe Du Chaillu. A gorilla 
had never been seen in Europe ; a live 
adult had not yet arrived, and possibly 
never might. They had only seen skulls 
and other parts of the skeleton, and they 
would have none of the travellers’ tales 
concerning these terrible anthropoids. 

As a matter of fact, Du Chaillu was 
himself partly to blame. When he treated 
of the natural history of the gorilla, man’s 
savage likeness, he was absolutely accurate, 
but he adorned his story with “ adventures ” 
which to this day arc not wholly accepted. 
Moreover, he proved untruthful in conver- 
sation when dealing with the matter. Thus 
when he brought a skin of an adult gorilla to 
England, desiring that it might be stuffed, 
it was pointed out to him that the skin of 
the face had been removed. Du Chaillu 
declared that this was not the case. 14 But 
it has been removed, and the face has 
been painted black,” said the other. See- 
ing that he was trapped, the explorer ad- 
mitted that he himself had painted the 
face of the animal when exhibiting the 
skin in New York. 

Although the truth of all that he had 
written concerning the life of the gorilla 
was subsequently established by his own 
later travels, and the investigations of 
others, something of the original doubt 
concerning his work always remained, and 
the high value of his other contributions 
to learning, in their geographical, ethno- 
logical, and zoological aspects, was to some 
extent discounted. His fame never quite 
recovered the damaging criticisms of Huxley, 
who said, concerning Du Cliaillu’s work 
on the gorilla, 44 It may be truth, but it is 
not evidence.” In later life Du Chaillu, who 
spent the greater part of the time in 
America, wrote well upon unfamiliar tracks 
in Northern Europe. He died at St. Peters- 
burg on April 29, 1903. 

EDWARD JOHN EYRE 
A Great Traveller in Australia 

Edward John Eyre was born at Hornsea, 
Yorkshire, on August 5, 1815. Dike many 
other men famous in the story of the 
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Empire, he was a son of the parsonage, and, 
as is the way with many parsons* sons, he 
aspired to a military career. Vexatious 
delays in getting a commission caused 
him to alter his plans, and at seventeen he 
sailed for Australia, and settled down to 
sheep-farming, first in New South Wales, 
and later in South Australia. 

At this time Australia, to its settlers, did 
not represent an intelligible, comprehensible 
whole. They squatted on the margin, 
afraid to look at what lay inland. Access 
to the hinterland was difficult and arduous ; 
tlieir flocks and herds browsed upon the 
foreshore of the settlements, so to speak. 
A track through the Blue Mountains to the 
promised land of the pastoralist had indeed 
been found in New South Wales, but, for 
the rest, here was a continent with its coasts 
surveyed and mapped, but with its interior 
absolutely unknown land. 

Oxley had penetrated to the swamps of 
the Lachlan River, and Sturt had disproved 
the theory that the whole interior was 
occupied by an inland sea. He had, more- 
over, discovered the greatest river of the 
continent, the Darling. The bold spirit of 
Eyre suggested that the people of the new 
colony of South Australia might learn 
something of the hidden features of their 
unseen land, and when he was twenty-five 
he began a series of daring expeditions into 
the interior. He had at twenty-one suc- 
ceeded, like some patriarch of old, in driving 
his flocks by untrodden ways from New 
South Wales into South Australia, and he 
now sought a route by land from South 
Australia into Western Australia. With five 
white companions and three blacks he started 
from Adelaide to walk across half a conti- 
nent. In order to get to the west he had 
to march due north by the head of Spencer 
Gulf. He found Lake Torrens a desert of 
brackish mud, and was unable to cross. He 
still pressed north for the westward turn, 
and two hundred miles of stony desert 
brought him to a second lake, which is now 
marked on the map with his name. The 
lake proved salt ; a stream running into it 
was salt. The way to the west did not lie 
in this direction, and he could but return by 
the way he had gone. Setting out again, 
he took with him now only one Englishman, 
named Baxter, and three natives. His path 
this time lay dlong the head of the Great 
Australian Bight, a region so barren, 
waterless, and scorched by flaming heat 
as to appal all but the stoutest hearts. 
Thrice Eyre essayed a start, and thrice 
was beaten back by the conditions, but he 
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renewed his efforts a fourth time, and 
beat his handicap. 

The journey is enshrined among the 
classics of exploration, for the conditions 
were such as have scarcely ever been 
mastered before or since. In a trackless 
barren waste, under a sun which rendered 
the rocks almost red-hot, which blistered 
the flesh and split the nails, and prevented 
the hair from growing upon his head, lie 
battled his way westward, westward, west- 
ward. Water was always scarce, and found 
with vast difficulty, food ran short. Two of 
the three blacks turned traitor, and, seeking 
to rush the stores, were opposed by Baxter, 
whom they shot dead. And there in the 
wilderness was the traveller, with only one 
faithful black, and the other two constantly 
tracking him and seeking his life. So he 
struggled on until at last, to his infinite joy, 
he saw a ship lying off the coast, hailed 
her, and was taken off. He was carried 


early age Eyre was a magistrate and ail 
official, as well as private, protector of the 
aborigines. It was due very largely to his 
success with the natives that he was 
appointed, under the heroic Sir George 
Gray, Deputy-Governor of New Zealand, 
where the Maori question was the most 
difficult that our* fellow-countrymen had 
to handle. Other Colonial posts followed, 
and in 1864 he was appointed Governor of 
Jamaica. Here occurred the tragic events 
which embittered the whole of Eyre's after- 
life, and divided England into two camps, 
for and against him. 

In the critical days that followed the 
emancipation of the negro slaves, feeling 
ran high in the West Indies. The planters 
were sore at the reverse of fortune sustained 
by the restoration of human rights to their 
poor living chattels ; and the spirit of the 
negroes was expressed in one of the songs 
they sang before the day of freedom. 
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to Albany, in King George’s Sound, and 
thence back to Adelaide, a distance of 
JojO miles, having carried out one of the 
most arduous and terrible journeys ever 
accomplished by an explorer. His travels 
had taken him over a year ; and, though 
he had found no smiling land, he had 
marched valiantly out of South Australia 
into Western Australia. His record of the 
journey is among the works famous in the 
annals of exploration. 

This and other expeditious, enabling him 
clearly to demonstrate that Australia 
possesses no inland sea, brought him the 
bounder’s medal of the Royal Geographical 
Society. In view of that which was to 
follow, it is interesting to note that from an 


But ’mancipation come, ha, ha ! 

Den me wear massa’s coat, lia, ha 1 
Me kiss him wife ; 

Me steal him knife. 

And cut his ugly throat, ha, ha I 

In 1865 there occurred a negro uprising 
in Jamaica which undoubtedly had its rise 
in some such instinct as the old song 
implies. The Europeans in the island were 
few ; the negroes were many, and the 
setting up of a negro republic was much in 
the air. Moreover, the negroes were suffer- 
ing from certain real grievances which, in 
the circumstances, were unavoidable. Fol- 
lowing an outbreak in which twenty whites 
were killed and many wounded, disorder 
and bloodshed became widespread in the 
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island. The rising was suppressed with 
merciless severity under proclamation of 
martial law in defined areas. 

The figures are appalling even at this 
date. Upwards of 600 were killed in action 
or executed, and, in addition to many 
wounded, 600 negroes, including some 
women, were flogged, while over a thou- 
sand negro dwellings were destroyed. But 
the agitation against Eyre was focussed in 
the main upon one special incident. A 
wealthy mulatto named Gordon, a Baptist 
and a member of the local Legislature, was 
accused of having fomented the outbreak. 
He was seized in a district to which martial 
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law had not been extended, carried to one 
in which it had, was tried before the mili- 
tary authorities by court-martial, and sen- 
tenced to death. Eyre confirmed the sen- 
tence, and the execution was carried out. 
The case was at once taken up in England ; 
a Commission found that Gordon had been 
convicted on insufficient evidence, and, 
while commending the promptitude with 
which Eyre had at first dealt with the out- 
break, condemned the severity and illegality 
of certain other acts which had followed. 

Eyre was recalled, to find himself the 
centre 01 a bitter controversy. Public 
opinion was sharply divided on the question. 
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Against him were John Stuart Mill, Huxley, 
Thomas Hughes, Herbert Spencer, and 
Goldwin Smith ; while among his stoutest 
defenders were Carlyle, Ruskin, Tenny- 
son, Kingsley, and Sir Robert Murchison. 
Legal proceedings were taken, but Eyre 
was twice discharged, and finally the 
Government refunded the costs of his 
defence while Disraeli conferred a pension 
upon him. Eyre retired into private life, 
and was forgotten as a man of his time, 
being regarded, like Don Pacifico, as a mere 
name in history. But in private he kept in 
touch with the world ; and only a few months 
before his death, which occurred on 
November 30, 1901, wrote a letter to the 
editor of the present publication, demon- 
strating in poignant terms that he desired, 
if no longer of the world, at least to be 
remembered as still being in it. 

SIR JOHN FORREST 
Australian Explorer and Statesman 

Sir John Forrest was born at Bunbury, 
on August 22, 1847, the son of a Scottish 
civil engineer, who emigrated to Australia 
in 1842. Better known of late years as one 
of the foremost statesmen of the island- 
continent, Sir John Forrest, in earlier 
days, when the veil that hid the heart 
of Australia was being drawn aside, was 
famous among the most daring and success- 
ful of explorers. Trained from his youth 
to the wild, free life of the bush, for the 
primitive conditions of the old convict 
Swan River Settlement had not then 
departed, he was admirably fitted for 
the work that lay before him, while his 
experience in the Government Survey De- 
partment at Perth was in itself a scientific 
education of the highest value. His work 
as an explorer was inaugurated under 
tragic conditions. 

Twenty-one years earlier, Ludwig Leich- 
ardt had set out to explore the continent 
from east to west. Silence closed about him 
in April, 1848, and from that day to this no 
trace of his expedition has been found. 
Forrest, in 1869, when twenty-two years of 
age, was appointed to lead an expedition into 
the wilderness in search of any remains of 
the missing men. The quest was vain, but 
the young explorer marched with discerning 
eye through an unknown land, through 
almost impenetrable bush, through seem- 
ingly endless salt marshes, undaunted by 
heat and thirst and privatioh. He passed 
over one of the richest of Australian gold- 
fields, ignorant of the treasure that lay 
beneath his feet — over what is now the 
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foolgardie and Kalgoorly mining district, 
then an inhospitable waste, now a busy hive 
of industry, with a railway, a place to which 
one of the most surprising of artificial water- 
supplies has of late years been carried. 

Although he failed to attain the object 
of his enterprise, Forrest proved his 
fitness for more ambitious undertakings. 
There was work for many to do, but the 
men capable of undertaking it were all too 
few. He was gifted by Nature for the work ; 
and, within a year of his initial exploit, 
made the journey from Perth to Adelaide, 
following along the Great Bight, the cruel 
coast route that had so nearly brought 
Eyre to his death. He was not seeking sites 
for homes, or opportunities for making 
wealth ; he was surveying a savage wilder- 
ness in order that man might speak to man 
from colony to colony, though barren desert 
and waterless wastes stretched between 
them. And where he marched the tele- 
graph has, in consequence, followed. 

His third venture was his greatest. This 
was an expedition from Champion Bay 
(now Geraldton), on the west coast, to the 
overland telegraph which links the north of 
the continent, at Port Darwin, with the 
south of the continent at Adelaide. This 
journey amounted to 2000 miles. It was 
performed through country of the most 
inhospitable character, and under circum- 
stances of special disadvantage. Forrest 
had no camels, but was compelled to 
rely upon horses, whose watering was a 
matter of extreme difficulty in a country 
that was almost entirely desert. 

Forrest handled his expedition with con- 
summate skill, returned in safety, and 
presented admirable reports and maps. His 
success brought him the gold medal of 
the Royal Geographical Society, while 
Sir Frederick Weld, Governor at the time 
of West Australia, writing of the feat 
to Lord Carnarvon, said, “ Mr. Forrest's 
expedition has bridged the gap that 
separated Western Australia from the other 
colonies, has led to settlement on the 
shores of the Great Bight, and to the 
connection of this colony with the rest 
of the world by the electric telegraph. I 
never doubted of the future of Western 
Australia from the day when the news of 
Mr. Forrest's success reached Perth." 

Subsequently, Forrest carried out im- 
portant scientific surveys over the lands he 
had crossed in haste, was rewarded with a 
se 'it in the Legislature, and with a grant of 
5000 acres of land. Since then he has been. 
Premier of his native colony, and has held 


high office in the Commonwealth Govern- 
ment. His enterprising statesmanship is 
reflected in the development of his colony, 
where the fine harbour of Fremantle, and 
the colossal scheme of artificial waterworks 
for the Coolgardie goldfields, are monuments 
to his energy and acumen. 

The last-mentioned undertaking is speci- 
ally interesting in view of the hardships 
which he and other pioneers had suffered 
in the waterless ways of Australia. Residents 
in the Coolgardie goldfields found it im- 
possible to use even such scanty water as 
was available on the goldfields without first 
condensing it ; its alkaline properties made 
it useless either for drinking or for industrial 
uses without first undergoing this process. 
The consequence was that every gallon of 
water used on the goldfields cost twopence, 
or £2 per ton ; and Coolgardie was largely 
unwashed. Sir John Forrest's scheme gives 
the goldfields a supply of six million gallons 
a day, at 5 per cent, of the former cost. The 
water is carried, through thirty-inch pipes, 
325 miles. from the River Helena, and is 
raised, during its course, by eight sets of 
pumping-stations, to a height of 1400 feet 
above sea level, or eleven hundred feet 
above the level of the river at the spot 
whence the water is derived. Sir John 
Forrest has written of his travels, and his 
volumes are included in the classic records 
of Australian exploration and heroism. 

SIR JOHN FRANKLIN 
The Hero of the North-West Passage 

Sir John Franklin, who with his life 
forged the key to the North-West Passage, 
was born at Spilsby, Lincolnshire, on 
April 16, 1786. His family had been 
“ franklins," or yeomen, of Lincolnshire for 
many generations. He was the youngest of 
a family of twelve, and was intended for the 
Church, but there was in his blood that 
elixir which drives men forth from the 
serenity of peaceful homes to seek their 
bread amid the perils of the waters, or in the 
inhospitable wilds of distant lands. At 
fourteen, then, he was sent to sea, straight 
from the Grammar School of Louth, and as a 
boy of fifteen he was in the ship that 
led the van at the battle of Copenhagen, 
while at nineteen he passed scatheless 
through Nelson's crowning engagement. 
Meanwhile he had had a three years' sur- 
veying trip to Australia with his kinsman, 
that fine character Captain Flinders, and 
under the influence of Flinders, and of 
Robert Brown and Ferdinand Bauer, the 
botanists on board, imbibed a passion for 
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scientific inquiry and accurate observation 
which determined his after-career. 

With the restoration of peace, the 
thoughts of men were turned again to the 
age-old question of that magic passage, by 
the north-west of the American continent, 
to the riches of the East. From the day 
when Englishmen had cast off the cables 
that bound them to home waters, they had 
thought this passage was easily to be 
accomplished. The valiant Davis, who in 
the sixteenth century had discovered and 
christened the strait that bears his name, 
had written that the thing was practicable, 
and, indeed, not difficult. It was so simple 
a matter, in the minds of courageous men, 
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that Drake, after he had loaded his “ Golden 
Hind ” with Spanish treasure off the coast of 
South America, balanced in his mind two 
propositions : (i) To return home by way 
of the Straits of Magellan, and (2) to 
slip through that much-talkcd-of passage 
from the Pacific to the Atlantic, along the 
north of the continent. He thought so little 
of the difficulties of the latter that he 
would have preferred it to the dangers of the 
stormy ways by which he had come, had 
not the crew shown a decided distaste for 
high northern latitudes. 

The popular belief was that land ended in 
the north on the one side at Cape Wolsten- 
holme, the promontory that guards the 
easterly entrance to Hudson's Bay, and, 
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on the other side of the continent, some- 
where about the latitude of Vancouver. 
They had only to find the way round, they 
thought, to sail from ocean to ocean without 
a care. Cook’s voyage along the west coast 
of North America for ever settled that 
point, for he coasted hundreds of miles past 
the point at which land has been supposed 
to cease. Forty years after Cook’s exploit 
the search for the opening began again, and 
Franklin was given command of one of the 
ships sent out to try what the waters of 
vSpitzbergen offered. The voyage revealed 
Franklin’s high abilities for such work, and 
in 1819 he was placed in command of an 
expedition whose duty was not to attempt 
the actual Passage, but to survey the 
mysterious coast-line of farthest North 
America. The task was accomplished in 
three and a half years, during which the 
party endured terrible hardships. 

Franklin thoroughly surveyed the banks 
of the Coppermine River, and explored the 
coast from Coronation Gulf, six hundred 
miles to the eastward. He returned to 
England with a record of over 5500 miles of 
land and water mapped, was made a post- 
captain, and electee! F.k.S. The second 
expedition under his command explored 
the Mackenzie River, and traced the coast 
to near the 150th meridian. It is interesting 
to note that on this occasion Captain 
Beeching was sent round by the north-east 
to join hands with Franklin, and got within 
fifty miles of him before being laid up by 
ice. By that tiny margin was the Passage 
missed. Franklin upon his return was 
knighted, and, already a widower, married 
as his second wife Miss Jane Griffin, of whom 
the world was afterwards to hear much. 

Sixteen years passed away, in which time 
Franklin was engaged in the Greek war of 
independence, and afterwards acted with 
signal success as Lieutenant-Governor of 
Van Dicman’s Land. Then, in 1845, came 
another proposal to -find the North-West 
Passage, and the command was offered him. 
While negotiations were proceeding the 
First Lord remarked upon his age. “ Mv 
lord, I am only fifty-nine,” answered the 
dauntless hero. Franklin’s previous experi- 
ence and instinct for direction told him 
that the secret way lay westward from the 
mouth of Fish River to Behring Strait, and 
his instructions, bade him follow that route. 
He did,, and died a few miles to the west of 
the point reached by the most successful 
of the voyagers who had essayed the North- 
East Passage. By proving the existence 
of a waterway fie discovered the long* 
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sought North-West Passage, though whether 
he knew it we shall never know. 

Of the 134 chosen officers and men who 
manned the " Erebus ” and " Terror/' not 
one came back alive. The ships were spoken 
by a whaler on July 26, 1845— nine weeks 
after they had said good-bye to England at 
Greenhithe. They were then in Melville 
Bay, on the west coast of Greenland. 
The men who sailed there were never again 
seen alive, save by Eskimos, who found 
them staggering along, dropping dead as 
they walked. But all this took years to 
learn. Three years of waiting brought no 
tidings, and the public mind, agitated by 
Lady Franklin, became alarmed. Ten 


Franklin's ships were imprisoned in th( 
ice bearing down from the west, through the 
then unknown M'Clintock Channel, upor 
King William Land. They remained beset 
drifting thirty miles with the ice in tw< 
years. How Franklin died will never be 
known. A record was found in a cairn al 
Point Victory bringing the dismal stor) 
down to April 25, 1848, in which it wa^ 
stated — 11 The 1 Erebus ’ and 1 Terror 
were deserted 22nd April, 1848, 5 leagues 
N.N.W. of this, having been tjeset since 
12th September, 1846 ; officers and crews 
105 souls, under Captain Crozier, landed 
here ... Sir J. Franklin died ntl: 
June, 1847.” The crews apparently set out 
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expeditions were sent out without dis- 
covering a trace. Then the Government 
offered £20,000 for the rescue, and £10,000 
for definite tidings as to the fate of the 
hapless explorers. Year after year the 
search went on. Ship after ship went out, 
and lives were lost and ships wrecked. Ten 
years the search lasted, and in that time 
thirty-five expeditions, English and Ameri- 
can, at a cost of upwards of a million ster- 
ling, sought to elucidate the sorrowful 
mystery. Little by little the story was 
pieced together, and MClintock, in the 
41 Fox," fitted out practically at her own 
expense by Lady Franklin, finally cleared up 
the tragedv 
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on foot to reach help at a fort on Hudson's 
Bay. Some went on to die, others returned 
to die ; many expired by the wayside 
Franklin died without knowing the. worst 
He was spared sight of the agonies am 
madness whose evidences were found b) 
I)r. Rae. " From the mutilated state 01 
many of the corpses, and the contents of tlu 
kettles, it was evident that our wretchec 
countrymen had been driven to canni- 
balism as a means of prolonging existence/ 
Many relics and bodies were found, but 
not the body of Franklin, who, with thost 
who died in the early stages, were buried 
by their comrades. Others were found lyinp 
where they had fallen, in their tents, undci 
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upturned boats, with guns in their hands 
ready loaded for the game that never came. 
Tin* very prints of their snowshoes were 
clearly discernible in places ; stacks of 
US ek*ss impedimenta carried from the ships 
W cro found where men, approaching death, 
had dropped them ; a pair of gloves, still 
weighted by stones to prevent their blowing 
away, were discovered where they had 
been placed after being washed. 

This discovery of the North-West Pas- 
>ag<\ finally achieved in this search for the 
dead, was our greatest triumph in the 
Arctic, but it was purchased at the 
heaviest price we have ever paid in such 
work. When, with the passage of time, 
grief for the dead was somewhat assuaged, 
tlic Royal Geographical Society bestowed 
the Founder’s gold medal upon Lady 
Franklin as a testimony of 14 the gallant 
services rendered to science by her late 
husband, and also as a token of respect 
and admiration for the devotedness with 
which she has pursued those inquiries which 
have resulted in clearing up the fate of the 
news of the 1 Erebus ’ and ‘Terror,* and 
at the same time in making many important 
cont libations to our geographical know- 
ledge of the Arctic regions.” Franklin’s 
monument, erected in Westminster Abbey, 
is pathetically inscribed: “Erected by his 
widow, who, after long waiting and sending 
many in search of him, herself departed 
to find him in the realms of life.” 

SIR MARTIN FROBISHER 
A Follower of the Lure of Gold 

Sir Martin Frobisher was born at Altofts, 
Xormanton, in the West Riding of York- 
shire, some time between 1530 and 1535. 
f eft fatherless at an early age, he was com- 
mitted to the care of a kinsman in London, 
"'ho. in 1554, sent him to sea. During the 
next few years Frobisher made many 
voyages, and we hear of his being called 
upon to answer a charge of having fitted 
•ml a ship as a pirate. He becomes a 
national figure with the launching of a 
^clieme for the discovery of the North-West 
Passage to Cathay and the Indies. This 
not a new scheme, but the famous 
discourse ” by Sir Humphrey Gilbert 
tfave the project a definite character. It 
"as taken up by some of the wealthy 
London merchants, by the Earls of War- 
\\r C i ■ Bicester, and Sussex, by Burleigh, 
ULingham, and Sir Philip Sidney, who 
Kjtwocn them managed to get together 
75. which in our present currency would 
u ‘ present about £ 7000 . 

T( >bisher was appointed to command, 
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and with two little barques, each of about 
twenty-four tons, he sailed in June, 1576. 
Off the northern coast of Labrador a great 
storm arose, and separated the ships. 
One, thinking that Frobisher had been 
wrecked, returned home, while Frobisher, 
with only eighteen men, continued his way 
to the south of what we now know as Baltin 
Land, but which he, or Queen Elizabeth for 
him, named Meta Incognita. He discovered 
the bay that bears his name ; and as it is 
twenty miles in breadth and 200 miles in 
length, it is not surprising that he should 
regard it as a strait. Beyond its northern 
limit, he thought, lay the real way out. 
But ice and contrary winds barred his path ; 
and as he lost his pinnace with five men, and 
so was reduced to a crew of thirteen, he 
deemed it expedient to return. 

Probably we should have heard nothing 
more of him in this connection but for a 
specimen of black ore brought back as 
a memento. This .was declared by a 
London alchemist to be gold. The fruit- 
less voyage, 1 when this became known, 
was at once exalted into a triumph. The 
piece of “ black earth ” and a live Eskimo 
were the sole products of the expedition, 
but when the story got abroad Frobisher 
was “ joyfully received with great ad- 
miration of the people, and their strange 
man and his boat as such a wonder to 
the whole city, and to the rest of the 
realm that heard of it, as seemed never 
to have happened the like great matter 
to any man’s knowledge.” 

All turned, now, upon the piece of ore. 
A Company of Cathay was formed, with 
Frobisher as captain-general and admiral. 
The Queen furnished a ship and money, 
expecting a rich return in gold, for, though 
the second expedition was nominally for the 
purpose of forcing a passage to old Cathay, 
Frobisher’s real instructions were “ for the 
searching more of this gold ore than for the 
searching any further discovery of the 
Passage ’ Was Frobisher deceived by the 
alchemist’s report as to the nature of the 
ore ? The London goldsmiths pronounced 
unequivocally against the worth of the 
“ black earth.” Was Frobisher himself 
deceived when he told Sir Philip Sidney 
that “ the island is so productive in metals 
as far to surpass Peru ” ? Or was he a 
party to, or originator of, the deception, in 
order that he might obliquely stimulate 
support for the scheme of exploration on 
which his valiant heart was set ? Be that 
as it may, although on returning to his 
Meta Incognita he did take up a consider- 
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able quantity of ore, he explored the coast- 
line, took possession of the land in the name 
of the Queen, and made a survey of Jack- 
son's Sound. Not much for a Frobisher, but 
still enough to suggest that he was out for 
more than gold. 

The ore taken back was declared to be 
" poor in respect of that brought last year, 
and of that which we know may be brought 
next year." There is a masterly touch in 
the last phrase, for it induced confidence in 
the new expedition then preparing. The 
Queen received Frobisher at Greenwich, 
put a chain of gold about his neck, and 
believed with all her heart that gold un- 
limited would be derived from the new 
lands. Preparations were made for the 
fitting out of fifteen ships; and although 
the 200 tons of ore brought back at the 
second attempt had by this time proved 
worthless, the great Lord Burghley desired 
that full 5000 tons should at the next 
venture be secured. Nay, more ; the land 
was to be colonised ; a hundred people 
were <0 be established under the English 
flag in Meta Incognita. The project seems 
utterly mad today, for Baffin Land, of 
which Meta Incognita is the southern 
extremity, is barren, and gripped, for 
the greater part of the year, by ice-locked 
seas. But gold was the lure- gold, and 
the chance* of "annoying" the Spaniards 
and the Pope who had taken upon himself 
to give, them all the Western world. 

Sidney, who was again a shareholder, 
as was his sister, the Countess of Pembroke, 
saw in the venture not merely potential 
wealth but the probability that " at some 
time or other it may be of use to the pro- 
fessors of 1 he true religion." So on May 31, 
1578, iortli sailed Frobisher with his 
lit teen vessels, and his 100 colonists, leaving 
envious hearts behind him, so that a valued 
correspondent of Sidney wrote him at the 
time, tearful of the effect in unsettling 
tlu* popular mind and starting a general 
stampede to the Arctic, “ In old' times, 
when some Carthaginians, on a voyage in 
the Atlantic, had been carried by a storm 
to land of some sort, and liad come back 
with wonderful reports of its wealth, the 
Senate, fearing the people would be tempted 
to go thither, put to death the men who had 
brought the report, so that if any wished 
to emigrate they should have none who 
could guide them." 

Frobisher touched on the south-west 
coast of Greenland and effected a landing. 
'I he Vikings had colonised part of the land 
while England was still Saxon, but the 
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history and memory of it had vanished, 
and Frobisher, finding the place a sterile 
wilderness, contented himself with naming 
the whole West England and a conspicuous 
headland Charing Cross. Then he pushed 
out westwards. The ships became scattered, 
and Frobisher sailed before a storm sixly 
miles up a waterway new to him, which was 
later to be named Hudson Strait. He was 
on the track of a North-West Passage. 

He turned back with some reluctance, 
exploring the coastline as far as Meta 
Incognita, and seeking in vain for a 
habitation for his colonists. Having ex- 
plored the upper reaches of Frobisher Bay, 
he loaded up with ore, and returned. 
Before doing so he landed a quantity of 
stoics, which he intended to use in the fol- 
lowing year. Those stores lay untouched 
for nearly three centuries, when Captain 
C. F. Hall, of the United States, who spent 
live years among 
the Eskimos 
searching for Sir 
John Franklin, 
found them where 
they had been 
left by the tough 
old sea-dog 
long before. That 
cndedFTobisliefs 
Arctic work. His 
vast load of ore 
proved too value- 
I c s s even to 
smelt ; the vision 
of an Arctic Peru 
faded. 

All that Queen Bess got out her venture 
was the horn, or spiral tooth, of a narwhal, 
but it was compensation enough, perhaps, 
for her. for the narwhal’s “horn" was 
regarded then as the horn of the veri- 
table sea unicorn, and possessed of magic. 
properties inestimable. It was “ reserved 
as a jewel by the Queen's majestie's com- 
mandment in her wardrobe of robes," but 
the value of the “ jewel " lay, , we know, 
in its fancied occult virtues. Frobisher 
turned from exploration now to fighting, 
and for his part in the defeat of the Annaila 
was knighted. His value for us, however, 
is linked with the Arctic. He did qptable 
work under difficulties. He made geo- 
graphical mistakes, like all his successors. 
He mistook bays for open seas, open seas 
for bays, and islands for the mainland- 
But so did they all. The map of northern" 
most America is a record of multitudinous 
blunders, paid for with many precious 
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!,vi‘s. Frobisher sailed by the charts of 
\ntonio and Nicol Zeno — two Venetians 
a 1jo, out for the North-West Passage, 
v isited Greenland, Newfoundland, and the 
lorthern part of America in the fourteenth 
viitury, and made their maps and left 
hem to posterity. The Vikings made no 
naps ; the actual sea with its gods and 
lemons of a rich and varied mythology 
v \ as all the ehart they knew. Frobisher 
md those that came after had bad charts 
>r no charts, and he, like his Viking fore- 
runners, was of the school that marked the 
v\av of travel with dead men’s bones. 

Ho is not to be compared with Franklin, 
)Y with some of the lesser men who sailed 
undaunted into those terrible seas of death, 
[mt a glamour and romance attach to his 
Miterprises which can never fail to fascinate 

long as the records of our Elizabethan 
giants are read. Frobisher, who was twice 
narried, and was to the last as ardent a 
pirate as he was a Protestant, died on 
November 22, 1594, from wounds received 
n a light with the hated Spaniard off the 
port of Crozon, near Brest. 

SIR HUMPHREY GILBERT 
Who Planted the First English Colony in America 

Sir Humphrey Gilbert, the first of our 
lnpire-builders, was born at Compton, 
mar Dartmouth, about 1539. Sir Walter 
Raleigh was his half-brother, Mrs. Gilbert 
marrying again on the death of Hum- 
phrey's father. Humphrey was thirteen 
years older than Walter ; and it was from 
the older boy, who showed in youth a 
passion for the study of navigation, that 
tlu' founder of Virginia and the discoverer 
of (iuiana received the inspiration for his 
si'cat achievements. The early part of 
Sir Humphrey’s career was spent in fight- 
ing in France, Ireland, and the Netherlands, 
and lie won the honour of knighthood and 
die governorship of Munster. 

Rut his interest in maritime discovery 
was greater than his taste for land warfare. 
He studied map-making, and invented a 
spherical instrument with a compass of 
variation, as a more exact means of naviga- 
don than the ordinary sea cards then used 
hy sailors ; and at twenty-seven he pre- 
sented to Queen Elizabeth a plan- for ex- 
plorijig the North-West Passage to China. 
He was then too useful in Ireland for the 
Dn< on to spare him, but the publication of 
^ plan some time afterwards led to 
jobisher^ undertaking the adventure. 
I'robisher's first successful voyage inspired' 
l,u ‘ , Queen and her Ministers with more 
^nhdence in Sir Humphrey Gilbert's skill 


in maritime discovery, and in 1578 he was 
granted letters patent for planting an 
English colony in America. Sir Humphrey 
sank all his fortune in the enterprise, and 
induced a large number of gentlemen 
adventurers to join him. But when -the 
fleet put to sea, in 1578, quarrels broke out 
among the volunteers, each ambitious of 
power, and the unordcrly crews were struck 
by a tempest in the midst of their dis- 
sensions, and attacked by the Spaniards. 
A fine ship was lost, and everybody dis- 
heartened, and Gilbert returned to Devon 
a ruined man. 

His letters patent only ran for six years. 
He was resolved to found an American 
colony before his powers expired. He 
raised some money by assigning some of 
his colonising rights in Canada, and col- 
lected another body of adventurers, and 
even emptied some gaols in order to get 
settlers for his new land. At last, on 
June 11, 1583, he. sailed from Plymouth 
with 260 men and five ships — the “ Delight,” 
“Golden Hinde,” “Swallow,” “Squirrel,” 
and the barque “ Raleigh.” The last vessel 
was provided by Sir Walter Raleigh, and be 
was on board ; but after going some way 
he pleaded that sickness had broken out on 
his ship, and returned with her to England. 
Perhaps he did not like playing a sub- 
ordinate part in the enterprise, for the next 
year he fitted out a fleet himself, and took 
possession of Virginia. 

At the end of seven weeks, Sir Humphrey, 
with the other four ships, arrived at New- 
foundland, and, finding the soil of the 
country fertile and well wooded, he decided 
to plant his first colony there. The English 
cod-fishers were already the strongest power 
at the Banks, and they welcomed the col- 
onists and feasted them continually. But 
the gaolbirds that Gilbert had brought with 
him soon began to misconduct themselves. 
They plundered a fishing-barque, and then 
fled to the woods and plotted to steal some 
of the ships. In the meantime, Gilbert set 
out with three of the ships on a voyage of 
exploration to Nova Scotia, but his largest 
ship was wrecked off Cape Breton. Bad 
weather and troubles with the criminal 
party of his men were more than he at last 
could cope with. ” Be content ; we have 
seen enough ! ” he exclaimed. “ I will set 
you forth royally next spring, if God sends 
us safe home ! ” But he never reached 
home. Sailing with two of his ships back 
to England, he was caught in a storm off the 
Azores on September 9, 1583, and his small 
vessel went down with all hands. 
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DESCARTES— THE TIMID MAN WHO RE- 
VIVED THE DIGNITY OF THINKING 

HENRY DRUMMOND-AN EVOLUTIONIST 
IN THE WORLD OF MORALS 

LMPEDOCLES— A SCIENTIFIC POET AND 
PHILOSOPHER 

EPICTETUS — THE SLAVE WHO RELIEVED 
IN STOICISM 

DESCARTES 

The Timid Man who Re-established the Dignity 
of Thinking 

R ene Descartes (or Des Cartes), the 
champion of reason, was born in 
Tourainc, of Breton parents, on March 31, 
1596. His consumptive mother died of con- 
sumption a few days after his birth, and the 
feeble boy’s life was continually despaired 
of. But he survived, and “ in his eighth 
year had gained the title of the young 
philosopher, from his avidity to learn and 
liis constant questioning." The Jesuits 
(aught him, and took natural delight in 
their astonishing young pupil. But when 
lie left their college he declared that he 
" had derived no other benefit from his 
studies than that of a conviction of his 
utter ignorance, and a profound contempt 
for the systems of philosophy in vogue." 
Hence, he tells us — and this is all the 
thanks his instructors got for their pains — 
" as soon as iny age permitted me to quit 
my preceptors, I entirely gave up the 
study of letters ; and, resolving to seek no 
other science than that which I could find 
in myself, or else in the great book of the 
world, I employed the remainder of my 
youth in travel." 

But lie did not waste his time, even 
though he did some soldiering, and talked 
ami lived with all sorts and conditions of 
ni( ‘]T He was steadily thinking all the 
while. At thirty-three he secluded himself 
m Holland, not allowing even his friends 
to know where he was, and after eight 
years he produced, in 1637, his world- 
famous book the " Discourse on Method." 
Ihis and its successor, the “ Meditations," 
jipon which he asked for criticism, made 
his name famous throughout Europe. The 
Hutch theologians were aroused against 
hio, and he went to Sweden, at the invita- . 
non of Queen Christina, in 1649. 

Descartes was perhaps the most illus- 
ions champion in our era of the claims 
icason, and of its power to solve the 
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EPICURUS— WHO TAUGHT THAT WISE 
PLEASURE IS THE GREATEST GOOD 
RUDOLF EUCKEN — A HARMONISER OF 
PHILOSOPHY AND RELIGION 
EUC LI D— THE MAN WHO TAT TG HT M A N K I N D 
EXACTNESS IN REASONING 
JOHANN GOTTLIEB FICHTE— A RELIEVER 
IN MASTERY THROUGH EDUCATION 
BENJAMIN FRANKLIN— THE FIRST ALL- 
ROUND AMERICAN 

problems which had usually been left to 
faith. Authority declares that we must 
believe in the existence of God ; Descartes 
declared that reason could prove it. He 
is the father of modern philosophy ; the 
modern master of deduction, as Bacon 
was the master of induction. He was not 
an observer, but a deducer. He left to 
others the erection of general truths upon 
detailed facts,- which we call induction. 
His mind was essentially mathematical. 
He was, in fact, a mathematical genius of 
the first order, and may be said to have 
founded analytical geometry. He would 
be one of the greatest mathematicians of 
all time even if he had never written at 
all upon philosophy. 

The certainty and potency of mental 
processes in mathematics explain the con- 
fidence felt by Descartes in the method 
of deduction, and his native endowment 
explains the mastery with which he used 
his method, so that Cartesianism has 
become recognised as one of the few 
greatest products of the human mind. 

He rejected, as we have seen, the teach- 
ing of the schools. A fresh start was 
required, and Descartes determined to 
make it. The only possible beginning, he 
said, was with the thinker's own only 
certainty — “ Cogito, ergo sum ; " I think, 
therefore I am. We must begin with what 
our own consciousness clearly affirms, and 
we must trust what it thus affirms. Hence 
the second great assertion or principle of 
Cartesianism, that all clear and distinct 
ideas are true — an axiom which its author 
calls " the foundation of all science, the 
rule and measure of truth." From this 
proceeded his famous demonstration of the 
existence of God, which is, indeed, none 
other than the assertion that he found in 
his mind a clear and distinct idea of God, 
from which it followed that God must 
exist. We may doubt whether these argu- 
ments are worth quoting now, except for 
their historical interest, but they made a 
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profound impression upon the thinking 
world in the time of Descartes, and have 
been discussed by philosophers ever since. 

In’ some ways more important are the 
speculations of Descartes in matters of 
physics and physiology. His application 
of algebra to geometry, which made an 
epoch in mathematics, need not here 
concern us, but we must look at the re- 
sults which In 1 obtained when he began to 
reason upon the functions of the animal 
body in terms of his mathematico- 
mechanica! ideas. We owe much to 
Huxley as a recent commentator upon 
Descartes in this respect, writing with 
physiological knowledge upon the specula- 
tions of the thinker who wrote before 
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physiology can be said to have come into 
existence. A great contemporary of Huxley, 
Professor Tyndall, reviewing' "Huxley's 
admirable Essay on Descartes,” writes’ of 
the breach philosopher - 

He was ihe lir>t to reduce, in a manner 
eminently capable ut bearing the test of 
mental presentation, vital phenomena to 
purely mechanical principles. ... . He 

sketches with marvellous physical insight a 
machine, with water for its 'motive-power 
which shall illustrate vital actions. He has 
made clear to 1 ,k mind that such a machine 
would be competent to carry on the 
processes ot digestion, nutrition, growth 
respiration, and the beating of the heart. It 


would be competent to accept impression 
from the . external sense, to store them uj 
in imagination and memory, to go throug] 
the internal movements of the appetite 
and passions, the external movement «> 
limbs. He deduces these functions of hi 
machine from the mere arrangement of it 
organs, as the movement of a clock or otlu* 
automaton is deduced from its weights am 
wheels. 4 As far as these functions an 
concerned,* he says, 4 it is not necessary h 
conceive any other vegetative or sensitive 
soul, nor any other principle of motion n 
of life, than the blood and the spirit* 
agitated by the lire which burns continualh 
in the heart, and which is in nowise diffenn 
from the tires which exist in inanimuh 
bodies.’ . . . The boldness, clearness, am 
precision with which he grasped the prnhlen 
of vital dynamics constitute a marvellnm 
illustration of intellectual power.” 

Animals, in fact, are automata, accordiiu 
to Descartes, though he did not dare t< 
apply his conclusions to man, in whom 
according to him, there operated a son 
which acted through or in the 44 pinea 
gland ” of the brain. Here we see, as ir 
many other instances, a certain coward in 
in this remarkable thinker. As G. H. Lewis 
says, In disposition he was timid t< 
servility. When promulgating his proofs <>l 
the existence of the Deity he was in evident 
alarm lest the Church should see something 
objectionable in them. He had also written 
an astronomical treatise, blit, hearing el 
the fate of Galileo, lie refrained trom 
publishing, and always used some chicaiu 
in speaking of the world’s movement, lh 
was not a brave man ; he was also not an 
affectionate one.” 

Throughout his life he was delicate, and 
doubtless his incessant study was pursued al 
the expense of his health. Stockholm wa s 
hardly the climate for him, and one morning 
on a visit to the Queen, he contracted a 
pulmonary inflammation which killed him 
on February n, 1650. His body was buried 
in Stockholm, with a long eulogy, by ordei 
ot the Queen, but since 1666 it has lain in 
Paris. His philosophy has since undergone 
many vicissitudes, but his contribution^ t0 
mathematics remain assured. 

HENRY DRUMMOND 
An Evolutionist in the World of Morals 

Henry Drummond, whose writings have 
brought spirituality into evolution. 
born at Stirling, on August 17, 1851. IUU 
was educated at the High School of 
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mwii before entering Edinburgh University 
,»i the age of fifteen. From the first, the idea 
, ,! his friends was that he would become a 
minister, and to that end he eventually 
studied at the Free Church of Scotland 
i nllrgo, Edinburgh, where he had as fellow- 
indents a band of men several of whom 
l.i n r gained considerable distinction- Dr. 
Diivid Patrick, Professor Elmslic, Professor 
(,n>rgc Adam Smith, and “ Ian Maclaren.” 
Among them Drummond at once took a 
leading place, alike by virtue of intellect, 

, . li.inieter, and disposition. His studies 
specially were directed to natural science. 
When the young student was in his twenty- 
second year a visit of Messrs. Moody and 
Miikoy. the American evangelists, drew 


Science at the Free Church College in 
Glasgow, and thenceforward his official 
work was scientific and academic. 

His experience as a science teacher led 
him to make an attempt, in stray papers, to 
overcome the supposed divergence between 
science and religion that was then agitating 
many minds in the religious world, and these 
papers were brought together in book foim, 
under the title <c Natural Law in the 
Spiritual World.” but only in a casual way, 
and without great expectations. This was 
in 188 5. At the same time. Drummond was 
asked by the African Lakes Company to 
undertake a journey of scientific investiga- 
tion in the region of Lakes Nvassa and 
Tanganyika. The mission was successfully 



A MLKTING JiKLWKKN DliSCAK l'LS AND PASCAL 
Fiom the p.viniinjj by ( liartrati at the Sqi bonne, I’.m.i 


of the students into the revival 
Himcinent, and among them Drummond, 
"J |n quickly became * one of the most 
l H ’i>iilar of the speakers who assisted Mr. 
Moody ()ll n lc platform. For fifteen months 
work took him to many parts of the 
bi n Kb islands. Eventually, however, he 

to see that permanent work in the 
ministry required a fuller training, and he 
U’lurned to college, though strongly urged 
T ^ 1 ■ Moody to accompany him to America. 
' ! ^ 1( ' close of his college life Drummond 

v l, nc<l experience as an assistant-minister, 
J lll( l was invited to London to join J)r. 
ywald Dykes, but at the age of twenty- 
slx lie accepted a Lectureship in Natural 


fulfilled, and resulted in the publication <>f a 
book, Tropical Africa,” that proved a 
literary and scientific success. Hut the effect 
on Drummond himself, hitherto of a most 
buoyant nature, was serious, and never 
effaced. His experiences of the cruelties of 
African life under savagery, of the sacrifices 
by which missionary labours are carried on, 
and the undermining of his own health were 
such that a tinge of sadness was cast over 
his subsequent years. On his return he 
declared that he had been in the atmo- 
sphere of death all the time.” 

When he returned from Africa Drum- 
mond found that I10 was a famous man. 
His “ Natural Law,” written casually, and 
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published without much care, had sprung 
into an immediate and amazing popularity, 
and he was being bombarded with letters 
of inquiry, admiration, gratitude, and 
remonstrance from all parts of the world. 

The next step was an appointment as 
Professor ol Theology in Glasgow Free 
Church College, a position he held for seven 
years. His influence on students proved to 
be so remarkable that he was invited to all 
parts of the world to vivify the religious lile 
of the religious seminaries, and he not only 
made the acquaintance of the students in 
almost all parts of Great Britain, but also 
in Germany, in America, and in Australia. 

In j 8()3 lie was invited to Boston to give 
the annual I.owell Lectures at the Lowell 
Institute; and for that purpose wrote the 
series of papers afterwards published as 
“ The Ascent of Man.” The interest aroused 
was intense ; and as the lectures were in- 
stantly pirated by American publishers in 
an incomplete form- — from condensed re- 
ports that had appeared in the English 
Press — authoritative publication became 
ini med i at el y necessary. 

The book sprang at once into as great a 
popularity as ” Natural Law in the Spiritual 
World.” From this time Drummond gradu- 
ally tailed in health, until his death, at 
Tunbridge Wells, in March, 1897. 

Drummond unquestionably was a far 
more remarkable man than his books com- 
pletely indicate, although they have held the 
attention of the scientific as well as the 
religious world since their publication. Both 
his chief works were given to the world with- 
out careful preparation and revision, the 
first for lack of opportunity, and the last 
for lack of time. He himself gave up some of 
the positions he had tried to assume and 
make good in the “ Natural Law in the 
Spiritual World,” admitting that a continuity 
of law cannot be traced necessarily from the 
material to the spiritual. With the “Ascent 
of Man ” the case is different, and the growth 
of altruism from a mother’s love “ the 
struggle for the life of others, *’ Drummond 
called it— is developed in a genuinely 
scientific spirit. That greater work would 
ha\ e been done by this powerful and polished 
writer had he lived is universally ielt. 

Drummond’s influence on the men he met 
was even more pronounced than the influ- 
ence of his books. Everyone trusted and 
loved him, and, aftei his” death, such was 
the belief of his closest friends in the purity 
of his piety and tenderness of his heart, that 
they confessed to each other they could 
not refrain from praying to. hint. 
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EMPEDOCLES 

A Scientific Poet and Philosopher 

Empedocles was born in Sicily, about 
460 n.c., of Greek ancestry. He was a 
student of chemistry, of disease, and of 
politics, and made such an impression upon 
his fellow-citizens in Agrigentum that they 
wished him to become their king, but lie 
preferred a democratic form of rule. 

Like his Latin successor Lucretius, whose 
views were very similar, Empedocles em- 
bodied his philo- 
sophy in verse. 
Earth, air, lire, 
and water were 
for him, though 
not or i ginal ly 
with him, the 
four elements, 
and he must rank 
as an evolution- 
ist, believing in 
a kind of uni- 
versal rhythm, 
with a phase of 
evolution and one 
of dissolution 
ever succeeding 
one another - to use the terms in which 
Herbert Spencer framed the same idea long 
ages later. Love and hate, or sympathy 
and antipathy, played a large part in 
his theory of things, and he applied them 
to the atoms which were postulated by 
his contemporary, Democritus. Something 
was needed to account for the combination 
and separation of the atoms, and Empe- 
docles, according to Tyndall, therefore 
“ struck in with the penetrating thought, 
linked, however, with some wild specu- 
lation, that it lay in the very nature ot 
those combinations which, were suited to 
their ends (in other words, in harmony with 
their environment) to maintain themselves, 
while unfit combinations, having no prop 1 ' 1 
habitat, must rapidly disappear. H 111 ^ 
more, than two thousand years ago the 
doctrine of the ‘ survival of the fittest, 
which in our day, not on the basis of vague 
conjecture, but on positive knowledge. h*! s 
been raised to such extraordinary signifi- 
cance, had received at all events partial 
enunciation.” 

The guess of Empedocles was indeed much 
nearer the truth than even Tyndall coulu 
know in 1874. Radio-activity has since 
shown us that multitudes of atomic fonu* 
are brought into being and disapp»‘ iU ; 
because of their “ unfitness ” or dynamic 
instability, while the atoms of the fainm 111 
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elements are the structures which survive 
because of their fitness or dynamic stability. 

Unfortunately, very little is known about 
the life and death of this great thinker. 
Rut such tradition or myth as we have, 
combined with the fragments of his works 
that are extant, have inspired two famous 
writers of the nineteenth century. In a brief 
poem of two stanzas, called “ Empedocles," 
(ieorge Meredith protests against the aban- 
donment of life's problem which is involved 
in the story of Empedocles’s suicide by 
casting himself into the crater of Etna. 
Reverence, wisdom, and reason are indeed 
abandoned by the philosopher. “If heels in 
nil the last of him." 

Matthew Arnold, in his “ Empedocles on 
Ktna." has touched a deeper note, and has 
given the modern reader the truest insight 
into this thinker, into whose mouth he 
puts such stanzas as these - 

Fear not ! Life still 

Leaves human effort scope. 

But, since life teems with ill, 

Nurse no extravagant hope ; 

Because thou must not dream, thou need'st 
not then despair. 


enough to conduct life with honour to him- 
self and advantage to his country. 

Epictetus is a teacher of ethics, not a 
maker of cosmologies, but a student of 
human nature and human duty. His 
teaching owes much to the Stoics, but 
in certain particulars — of self-abnegation, 
humility, kindliness, and contempt for 
riches — it so closely resembles the primitive 
teaching of the Christians that some 
suppose him to have become actually 
acquainted with their views. In many 
important respects, however, Epictetus is a 
Greek, as indeed he was by blood and 
tradition. Thus, he does not teach that the, 
truth has been revealed or found, but that 
men must search for it with an open mind, 
and that the search and the finding will 
bring them real happiness and peace. 

Worldly pleasure was nothing to him, 
and he taught that even pain was to be 
regarded as practically non-existent. A 
few of his aphorisms, recorded and pre 
served by his pupils, will best show the 
quality and significance of the teaching of 
this lame slave, in whom an emperor found 
a guide of life. “ If you would be good, 
first believe that you are bad." “ No one 


EPICTETUS 

The Slave who Believed in Stoicism 

Epictetus was born at llieropolis, in 
Phrygia, about the middle of the first 
century of our era, and spent his early years 
.is a slave in Rome. While a slave, however, 
he was allowed to attend certain lectures 
Hiven in Rome upon the philosophy of the 
Lreek Stoics, to 
whom he was 
allied in blood, 
and the Stoic 
philosophy ap- 
pealed greatly to 
iiim. In time he 
was freed, and 
to teach 
P hi 1 o s o p li y , 
though, like Soc- 
•ates, he appears 
,() have written 
nothing. 

Epictetus, al- 

wa V s lame and r . T , T , TTnrtt . 

| )<)0r * though now f.picurus 

* 10< ‘> was banished from Rome by the 
unworthy and cruel Emperor Domitian, 
and settled in Epirus. A later emperor, 
Antoninus Pius, was to thank the gods, 
P°\y°ver, that from the fragments of 
h P ,( tetus he could collect moral guidance 


who is a lover of money, a lover of pleasure, 
or a lover of glory is likewise a lover of 
mankind, but only he who is a lover of 
virtue." “ At every least remember that 
there are two guests to be entertained, the 
body and the soul ; and that what you give 
the body you presently lose, but that whal 
you give the soul remains for ever." “ A 
wise and good man does nothing for the 
sake of appearance, but for the sake of 
having acted well." It is decent to yield 
to a law, to a governor, and to a wiser man." 
“ Time delivers fools from grief, and reason 
wise men." “ The mark and condition of 
a fool is this, that he never expects either 
benefit or hurt from himself, but from 
externals. The mark of a wise man is that 
he expects all hurt and benefit from him- 
self." “ Cities are made good habitations by 
the sentiments of those who live therein ; 
not by wood or stone." 

Nothing further seems to be known as to 
the life and death of Epictetus, but these 
quotations give us the essential man. 

EPICURUS 

The Man who Taught that Wise Pleasure is the 
Chief Good in Life 

Epicurus, from whom the Epicurean 
■ philosophy was falsely derived, was born 
in Samos in the year 342 b.c., and lived 
there until he was eighteen, when he paid 
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a visit to Athens, and heard some lectures. 
Soon he began to lecture on his own account, 
in Mitylcne and Lampsacus. When he was 
about thirty-six years old he settled in 
Athens, buying a garden, the name of which 
was to be ever famous. There he taught 
many pupils, who came to hear him from 
every quarter of Greece and Asia Minor. 

Epicurus was a great teacher, who made 
his pupils love him, and whose leaching 
furnished material for the philosophic 
argument of so great a poet as Lucretius. 
He had a definite and well thought out 
doctrine, both as to the nature and structure 
of the universe, and as to the duties and 
place of man in the universal scheme. lie 
has been grossly and quite inexcusably 
maligned in after days, so that those who 
are not acquainted with his teaching at 
first hand have habitually quoted him as 
the type and champion of sensual men. 

Because Epicurus taught that pleasure 
is the chief good in lile, his traducers have 
assumed that he meant sensual pleasure, 
of the palate- * whence our word, epicure — 
and the llesh ; and they have thus misled 
even so great a classical scholar as Milton 
into speaking of the ‘‘ Epicurean sly.” 
The judicious observer may well question 
this version of Epicureanism, rellecting 
that it furnishes an insufficient explanation 
for the immense lame and contemporary 
homage paid to this thinker, or even for 
the fact that his name is remembered at 
all, the preachers and practitioners of 
sensuality being scarcely unique in any age. 
It is therefore worth while to know what 
Epicurus really taught, and what manner 
of life was led in his garden. 

Pleasure, said Epicurus, is the legitimate 
end o! lile. This was the necessary and 
inevitable protest against the extreme of 
Stoicism, which taught the renunciation 
of all desire, the suppression of the Self, 
and the abandonment of any belief in the 
natural harmony of things. Nature is not 
so diabolically made, according to Epicurus, 
that, the wise man has no choice but 
stoicism. On the contrary, he may rightly 
aim at pleasure, for himself and for others ; 
‘‘ but when we say that pleasure is the end 
of life we do not mean the pleasure of the 
debauchee or the sensualist, as some from 
ignorance or from malignity represent, but 
freedom of the body from pain, and of the 
soul from anxiety.” 

On further inquiry we find that in the 
innocent garden of the Epicureans, which 
was afterwards to be represented as a 
pigsty, life was lived upon the simplest and 
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most unsensuous principles. Here is the 
inscription which ran over the entrance to 
the garden of Epicurus : “ The hospitable 
keeper of this mansion, where you will find 
pleasure the highest good, will present you 
liberally with barley cakes .and water fresh 
from the spring. The garden will not 
provoke your appetite by artificial dainties, 
but satisfy it with natural supplies. Will 
you not be well entertained ? ” 

Yet those who would teach the true 
Epicureanism today, when it is so badly 
needed, are mpt with such epithets as 
“ Puritan kill-joys ” ! 

Though Epicurus was deeply interested 
in cosmological speculations, philosophy 
for him was not what it meant for Plato 
and Aristotle. For them philosophy was 
the quest for and discovery of Truth. The 
whole Truth will, indeed, include the 
wisdom of practical life, but Epicurus was 
more explicitly practical in his views. The 
real worth and function of philosophy was 
for life, lie said. “ Philosophy is that 
power by which reason conducts men to 
happiness.” He wished all men to enjoy 
that true pleasure or happiness which has 
its twofold base in health of the body and 
peace in the soul ; he studied philosophy, 
and taught it, to this end ; and in his 
garden he and his friends practised what 
they preached. 

The ” man in the street,” as we now call 
him, wishes happiness also, but Epicurus 
declared that the plain man needs 
philosophy to help him. " livery pleasure 
is in itself good, but, in comparison with 
another, it may become an evil. The 
philosopher differs from the common man 
in this — that, while they both seek pleasure, 
the former knows how to forgo certain 
enjoyments which will cause pain and 
vexation thereafter, whereas the common 
man seeks only to enjoy. . . . Happiness, 
then, is not the enjoyment of the moment, 
but the enjoyment of the whole life. . . • 

No life can be pleasant but a virtuous life ; 
and the pleasures of the body, though not 
to be despised, are insignificant when com- 
pared with those of the soul. The former 
are but momentary, the latter embrace 
both the past and the future.” 

Surely this man is the very master of 
those who teach the true art of life. Tem- 
perance he taught in all things. The soul 
was to be honoured above the body, yet 
the body was not to be despised. All 
powers of enjoyment were to be cultivated, 
yet the wise man was to be able at anv time 
to do without them. 
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At the same time, it was necessary to 
(mow something of the external world, and 
here Epicurus taught, very closely, those 
iloctrines of Democritus with which he had 
first made acquaintance when he visited 
Athens in his youth. His scheme of the 
world was definitely mechanical and 
materialistic, as we see in the poem of his 
follower Lucretius. He believed that the 
soul perishes with the body ; but, never- 
theless, he daily and urgently opposed the 
doctrine “Let us eat and drink, for 
tomorrow we die.” All of his extremely 
copious writings are lost. In his latter 
years his health became impaired, but he 
never lost the serenity and cheerfulness 
which earned for him so much love. He 
died in the year 270 n.c., having shortly 
before passed the “ allotted span.” 

RUDOLF EUCKEN 

A Harmoniser of Philosophy and Religion 

Within the last few years students of 
philosophy, and especially such of them 
as are interested in religion, have given 
exceptional attention to the works of 
Professor Eucken, of Jena, whose writings 
are now becoming available for English 
readers. What has drawn many to Eucken 
is the note in his writings of optimism 
based on a tangible faith. 

Rudolf Eucken was born at Aurich, in 
East Friesland, Germany, on January 5, 
1846, and was educated at Gottingen and 
Berlin. In 1871 lie became Professor of 
Philosophy at Basle, and in 1874 at Jena, 
where the rest of his life has been passed 
with much gain in popularity to that 
famous university. 

Eucken began his literary work with 
studies of the historical philosophies, studies 
that can be followed in part through his 
hook “Problems of Human Life.” Later 
lu 1 developed his own philosophy in “ Life’s 
Basis and Life’s Ideal,” and his view of 
religion in “ The Truth of Religion.” There 
is no writer of the present day* not even 
Bergson — who is being more eagerly dis- 
cussed and keenly criticised. The general 
c fleet of his influence is to impress men 
with the reality of the spiritual life. It is the 
problem of life that Eucken attempts to 
M, lve t not as a curiosity but to provide 
i l hasis of belief and an inspiration. He is 
in dead earnest, and never argues round a 
P ( »int, led on by the mere obsession of 
argument, but goes straight towards what 
ne regards as essential truth. He discusses 
die nature and purpose of life in two broad, 
contrasted divisions — namely, as a spiritual 


force; and as it appears to those who only 
try to make the best of this world. His 
appeal is on behalf of the “ overworld,” 
or supernatural world, as against the world 
of the senses. 

He considers that, in this conflict, religion 
— Christianity, as generally understood — 
fails to give faith sufficient hold. It has 
surrendered too much to the influence 
of “ the world.” It thinks too much of 
prosperity and material progress, and too 
little of ideals. It needs to be lifted to a 
higher plane of idealism. A study of Nature 
merely will not give the necessary idealism. 
Socialistic culture and individualistic culture 
are alike impotent to lead us to a true 
appreciation of the best in life. We must 
“ see life steadily, and see it whole,” in its 
relation to the universe. Eucken is specially 
interesting as having his own theory of life. 

He holds that the deepest realities ol 
life are reached and apprehended by action, 
rather than by thought. Running through 
life, and forming it for ever, is the eternal 
truth of k deeper world than this material 
world of ours, as we may find alike by the 
study of history , and of the present — an 
influence independent of time, and universal, 
a fount of spiritual life, a “ something 
higher ” towards which there is a perpetual 
aspiration ; and only as we “ live into ” 
it can we transcend the material, and truly 
live. Beginning with the reality of this 
universal spiritual life, Eucken contends 
for its inherent dominance over both the 
material and intellectual spheres. It finds 
expression in a “ higher life,” through man, 
who is the point of union between the 
natural and the spiritual worlds. 

Eucken tract's the growth of the struggling 
impulses of man towards this higher life 
of the spirit, until he reaches the freedom 
and certitude of the spiritual, and is *at one 
with the Universal Life. Such spirituality 
lives unquenchable, and in it the human 
may be made divine by the power of the 
Godhead, while the natural, or material, 
dies. True religion is the appropriation oJ 
the divine by the human, in act and life, 
not in belief. This spirituality has to bt 
retained by constant activity in following 
the highest. 

Eucken agrees that Christianity, though 
only in many respects the temporary 
colouring of essential religion, and not a 
full expression of eternal truth, far surpasses 
all religions, and, indeed, may be sc 
modified as to become the Absolute Religion. 

His aim obviously is to raise philosophy 
from the realm of wordy theory into an 
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inspiration towards noble living. Although 
not ostensibly written in defence of 
Christianity, Euckcn’s philosophical writings 
are, in effect, likely to be perhaps the most 
powerful influence of the present day in 
giving thoughtful readers a sense of “ a sure 
pathway to that eternal truth which all 
the changes of time cannot destroy.*’ 

EUCLID 

The Man who Taught Mankind Exactness in 
Reasoning 

Euclid, whose “ Elements ” have per- 
meated the scientific thought of more than 
twenty-two centuries, is himself a dim 
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figure in the long procession of Greek 
thinkers. Very little is known of his 
personal or family history, but from 
statements made by the philosopher Proclus 
(4 I2 "4^5 A.n.), in his commentary on the 
first book of the “ Elements.” it is probable 
that by the year 500 b.c. Euclid’s fame as a 
mathematician was fully recognised. 

He lived in the reign of Ptolemy I 
King of Egypt, and is said to have mim- 
oered that monarch amongst his pupils. 
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Encouraged by so enlightened a ruler, it is 
not difficult to believe that Euclid founded 
the celebrated geometrical school of Alex- 
andria. The city at that period was the 
magnificent home and centre of science,- 
and Euclid’s new mathematical university 
a focus for zealous students from all the 
civilised East. 

But Euclid was not the father of geo- 
metry ; he was heir to the scientific legacies 
of Thales and Pythagoras. The former is 
universally acknowledged to be the founder 
of Greek geometry, and to have given tin* 
initial impulse to that love of science 
which ever after distinguished the Hellenes. 

One of the most important and practically 
useful propositions in Euclid — Book. I., 47— 
is ascribed to Pythagoras, who died 500 b.c., 
and of whom an olcl writer declared that lit' 
“ changed geometry into the form of a 
liberal science, regarding its principles in a 
purely abstract manner, and investigated 
its theorems from the immaterial and 
intellectual point of view.” 

A century later appeared Plato, at a 
time when science had emerged from its 
infancy. Tradition tells that the words. 
“ Let no one ignorant of geometry enter 
here,” were inscribed over the door of his 
school. But in this special field of reasoning 
the harvest gathered by Euclid was neces- 
sarily richer than that of his illustrious 
predecessors. He was able to examine their 
discoveries, and the solutions of mathe- 
matical problems attributed to them ; 
“ to reduce to invincible demonstration 
many things that had previously been 
more loosely proved,” and to add enormous 
contributions of his own to geometry. 

So great has been the homage paid to 
the genius of Euclid — or so slowly has the 
mathematical faculty of mankind developed 
— that until the seventeenth century hh 
methods stood unchallenged, unimproved, 
and unenlarged. The effect of his labours, 
not only upon the whole world of science 
but on the life and pleasures of men through 
the channels of art, is altogether incalcul- 
able. He has not only provided means ot 
disciplining the intellect, but has supplied 
facts and conclusions which tell directly 
upon architecture, manufactures, and every 
mechanical enterprise in existence. 

Other works of Euclid are the “ Data, 
of which Robert Simson, his modern 
editor, says it is “ the first in order of the 
books written by the ancient geometers 
to facilitate and promote the method of 
resolution or analysis ” ; and the “ Pheno- 
mena,” bearing on astronomical science. 
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Euclid has been credited with several other 
writings about the genuineness of which 
commentators are not agreed. These include 
the 4< Introduction to Harmony,” the 

Section of the Scale,” “ Optics,” “ Catop- 
trics,” and the “ Division of Superficies.” 
But it is upon the indubitable merits of his 
'■ Elements ” that the reputation of Euclid 
nt Alexandria will rest. 

Even till a comparatively recent time 
tyros in science thought the word Euclid 
was the synonym of geometry. Euclid and 
algebra, not geometry and algebra, were 
bracketed together as subjects of the 
school curriculum. Modern criticism has 
sharply questioned the adaptability of the 
“ Elements ” as a course for beginners, 
on the ground of defective classification, 
redundancy, and other blemishes. The 
textbook has almost disappeared from 
schools in America and on the Continent of 
Europe, though it is still used very widely 
in Croat Britain. But in English schools 
algebra has now become the handmaid of 
geometry, so making the processes of 
reasoning more easily and rapidly grasped 
than they would lx; by the more involved, 
i! oiten elegant, demonstrations of Euclid. 
The ** Elements ” have been translated 
into many languages, but the only edition 
which contains all the works attributed to 
Euclid is published in English. 

JOHANN GOTTLIEB FICHTE 

A Believer In Mastery Through Education 

Johann Gottlieb Fichte was born in 
Eusatia on May 19, 1762, and studied at 
the. University of Jena, thereafter visiting 
other schools of learning, and enjoying, in 
1791, the immense privilege of converse 
with Immanuel Kant. In the following 
year he published his lirst book, which 
gained for him, in 1704, the ('hair of 
Philosophy at Jena. 

Fichte was an idealist, a man whose chief 
business in life was to show how God 
transcends our ideas of Him. It was tliere- 
l°re natural that, in 1799, he should be 
accused of atheism and, in consequence, 
should lose his Chair, and migrate from 
Jena to Berlin, where he taught privately. 
1 hose were the days of the Napoleonic 
terror, and Fichte proved himself a true 
patriot and great German in his “ Addresses 
to the German Nation,” wherein he declared 
that national prosperity and health and 
security must be based upon a system of 
public education. 

!he year 1809 was that of Prussia’s 
Neatest misery. We may recall such tragic 


names as Jena, Auerstadt, and Wagram. A 
crushing war-tax hung over the country, 
and the necessaries of life were at famine 
prices. Everyone, from the King to his 
meanest subject, was compelled to make 
sacrifices and practise rigid economics. In 
this year, thanks' to the natural qualities of 
the German people, and, above all, to the 
splendid pleadings of Fichte, the Govern- 
ment voted a large annual sum for the foun- 
dation of the University of Berlin. This, 
says Dr. Merz, was “ an act as heroic as the 
great deeds on the battlefield, and as far- 
seeing as the measures of Stein and Scharn- 
horst.” Faced by the most terrible enemy 
the world had ever known, a man unbeaten 
and insatiable, the Prussians founded a 
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school of learning. Even if, a century after- 
wards, we had not a long debt of gratitude 
to pay for the knowledge which that school 
has gained for mankind, the foundation of 
the University of Berlin would remain a 
lesson, a monument, a noble warning, and 
example to patriots of all ages. 

Fichte was, of course, mack' Rector of 
the new University, which was opened in 
1810. Three years later, his wife, nursing in 
war time, caught and recovered from a 
fever, which her husband, who nursed her, 
caught. The attack proved fatal to him, on 
January 27, 1814. 

Fichte has been popularly represented in 
English-speaking countries by Thomas 
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Carlyle, who adopted his Divine Idea of the 
Universe. He saw tlie universe as consisting 
of the Ego or I, and Non-ego , or that which is 
not 1 , myself. Theoretical or metaphysical 
science is that which concerns itself with the 
ego ; practical science, with the non-ego, or 
material world ; but it is only through our 
consciousness of the ego that the material 
world exists. The absolute Ego is God, who 
becomes manifest through all existence, 
which is the vesture by which the divine 
and infinite makes itself apparent, lhc 
whole universe is thus the visible embodi- 
ment of the divine ideas and being, and 
Nature the manifestation of God, the 
animating spirit of all things. Thus, the 
ascent of man, as now understood, would be 
an unfolding manifestation of the Godhead. 
Fichte, always a man ot purest life, grew 
more religious the longer he lived. His 
philosophy of “ transcendental realism ” 
is not expressed in the language of today, 
but, in essence, is still widely accepted. 
Fichte’s thought, though often nebulous, 
has had an ennobling influence ; and his 
practical work finds splendid expression in 
the University of Berlin, which he founded 
firmly in the midst of national turmoil. 


BENJAMIN FRANKLIN 
The First All-Round American 

Benjamin Franklin, the first many-sided 
American who made a great impression on 
the civilised world, and one of the earliest 
to be interested in science, was born at 
Boston, Massachusetts, on January 17, 170b, 
th<' tenth son in y family of seventeen 
children. If is father, who was a tallow- 
chandler and soap-maker, had an idea of 
dedicating him to the ministry, as the tenth 
son, but Benjamin had little chance of 
preparing for such a career. After two years 
at school, he was kept busy in the chandlery 
until his apprenticeship as a printer, at the 
age of twelve, to his brother James. There 
could not have been a better trade for such 
a lad, ingenious, resolute, and seething with 
mental activity. Soon he was tin; best 
printer in the office of the “ New England 
Lour a nt,'' and, while still working at his 

1 ase, attracted attention by his original 
contributions. When James Franklin 
found lumselt — as the cii'iom was in those 
clays- -m prison for writing what he thought 
the apprentice Beniamin conducted the 
paper quite successfully, and for that pur- 
pose was released from lus indentures. 

After that ; t was not likely that he 
would fall again m the routine of a journev- 
mau printer, and following his brother’s 


release they parted, and Benjamin went to 
Philadelphia. There he soon became the 
manager of a newspaper and printing 
business, and began to form schemes for 
starting an up-to-date newspaper of hi- 
own. As a step he was persuaded by tin 
English governor to* visit England to gain 
experience and buy types, and, relying on 
the governor’s help — which utterly failed 
him— he crossed the seas and spent eighteen 
months in the Motherland, where his skill as 
a printer at once secured him employment. 
On liis return to Philadelphia, Franklin 
established his newspaper, and scored not 
only an immediate but a permanent success. 
He was a born journalist, whether regarded 
as a writer or business manager. 

His great success in this part of his life, 
so far as the outside world was concerned, 
centred on his “ Poor Richard’s Almanack,” 
which, in addition to the usual advance in 
formation, was made a repository of pro- 
verbs and sententious sayings that suited 
particularly an age of thrift. Franklin sold 
regularly about ten thousand copies of the 
almanack, and it was not only translated 
into almost every language in Europe, 
because of its practical fireside wisdom, but 
lias been a mine whence almanack sayings 
have been brought for the last 180 years. 

Having become the most conspicuous 
figure in the little newspaper world of the 
Colonies, Franklin naturally entered public 
life. Such a man was wanted. When, at the 
age of thirty, he became clerk to the Pennsyl- 
vania Assembly, he had overcome the early 
disadvantages of his education, and wa* a 
well-read, intellectual man with wide in- 
terests, but also with a singularly practical 
turn of mind. 

His “ Autobiography,” written in a large 
degree during old age, is one of the m<»t 
interesting books in any language, telling 
how the character of a distinguished man 
was built up — not without lapses- -and the 
foundation of a genuine education laid wide 
and deep. F'roin 1736 onward Franklin 
took an active part in public life. He 
became postmaster of Philadelphia, and 
eventually deputy postmaster for the whole 
of the Colonies. 

In 1746 he began to make the scientific 
researches, particularly into electricity, 
which entitle him to a honourable place in 
the story of the progress of science. He 
proved that lightning and electricity ^ 
the same thing, and so far came to und‘‘ r ' 
stand their action as to suggest the protec- 
tion of buildings by lightning conductors. 
He made a special study of meteorology; 
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\\ih a view to forecasting the weather; 
tudiecl the Gulf Stream, its temperatures 
,n<l effects ; and showed the heat-retaining 
xnvers of different colours. His position 
n the scientific world, in short, became of 
.ucli importance and interest that, when 
k' was sent, in 1757, to England, on a 
liplomatic mission, he was recognised as a 
.t ientist of world-wide distinction, and was 
;ivcii a doctor’s degree both by Oxford and 
si. Andrew’s Universities. 

f ranklin was highly successful as a dip- 
lomatist, and remained in that capacity five 
wars in England. Two years after his 
return to the States he was again sent over 
i<> negotiate a settlement of the differences 
whieh finally led to civil war, and the loss 


three years. In 1788 he retired from public 
life, and died on April 17, 1790, whereupon 
the Congress of the fourteen federated 
States, which had now won their inde- 
pendence, ordered mourning to be worn 
for him for a month, and the French As- 
sembly ordered it to be w'orn for three days. 

Franklin attributed his success to dili- 
gence in business. This, he said, had caused 
him to stand before five kings ; but it was 
not only the diligence that led him w'hile 
still in a distant land to fit himself for the 
most delicate diplomatic work — as, for 
example, obtaining a fluent command of 
French that accounted for his success, but 
great mental acuteness, a shrewd knowledge 
of character, and a persona! charm which 
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'>1 Hie American Colonies. During these 
Negotiations he was regarded as leaning 
unduly to the side of the Mother Country, 
l)ul when all his efforts proved useless, and 
\\;u began, he cast his lot unhesitatingly on 
t* 11 ' ^ide of resistance against tyranny. 

\ s the war progressed, Franklin was sent 
! u I' ranee as special commissioner represent - 
! N.g the revolting States, and to arrange for 
J o m;h help ; and he negotiated an alliance 
h‘‘t\\von France and the States. Franklin 
1,ni: ‘|iied in Paris until he was in his 
j 'ghlicth year, when, by leave, he retired ; 
out on reaching home was chosen President 
Pennsylvania, and held the office for 


made admiring friends wherever he wen 
Franklin’s great reputation in later lii 
indeed was personal in a large degree, ft 
he wrote little, and what he did write ha 
lost tl e strength ot his earlier style. 

Tlicie can be no doubt that if Rcnjamin 
Franklin had followed the leading of his 
spontaneous inclination he would have* 
been a scientific investigator during the last 
half of his long life. As it was he was only a 
very distinguished amateur engaged in ex- 
periments in the intervals of a busy life. 
Yet he was a member of the Royal Society 
at t he age of forty ; and in America he may be 
said to have founded experimental science. 
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JOHN BOYD DUNLOP— THE RE-INVENTOR 
OF THE PNEUMATIC TYRE 
rHOMAS ALVA EDISON— THE GREATEST 
INVENTOR OF ALL TIME 
JOHN ERICSSON— MAKER OF THE FIRST 
WORKABLE SCREW-PROPELLER 
jABR.EL DANIEL FAHRENHEIT— MAKER 
or A FAMOUS THERMOMETER 
JEAN BERNARD LEON FOUCAULT— THE 
MEASURER OF THE SPEED OF LIGHT 
ROBERT FULTON— THE FIRST SUCCESSFUL 
STEAM NAVIGATOR 

VfANUEL GARCIA— THE SINGER WHO 
DISCOVERED THE VOCAL CORDS 

JOHN BOYD DUNLOP 
The Re-Inventor of the Pneumatic Tyre 

toiin Boyd Dunlop was born at Dreg- 
) horn, Ayrshire, in 1840, but was early 
Mablished in Ireland, where he gained 
.considerable reputation as a veterinary 
surgeon. It is singular that the man who, 
more than any other, was to reduce the 
rlepemlence of his fellows upon the labour 
of the horse should, until long past his 
vouth, be engaged in promoting the science 
)! breeding and maintaining that animal. 
But his thoughts turned to other methods 
of conveyance upon the roads than horse- 
power, and the only obvious alternative 
was the bicycle or tricycle, shod in his 
youth with iron, and later with solid tyres 
< >1 rubber. He conducted many experiments 
with a view to bettering this plan, and only 
those- who cycled before the creation of the 
pneumatic tyre can have any conception of 
the improvement that he managed to effect 
ior the comfort and speed of the rider. 

The thanks and praise of his generation 
aie due to Mr. Dunlop for the labour under- 
taken by him to bring his invention to per- 
fection, but the strange thing is that he 
had been anticipated by forty-three years. 
The pneumatic tyre was really invented 
aj id patented when Mr. Dunlop was in 
petticoats. Its inventor was Robert William 
Thomson (1822-18/3), a Scottish engineer, 
^hose brain was a magazine of original ideas. 
J lt h e was more than a generation too early, 
here were two reasons which inevitably 
endered his invention of 1845 still-born. 
Huiariibber was a costly luxury, a wild 
product then won with difficulty from the 
forest ; and had it been plentiful 
a cheap there could not yet have been 
\ demand for it. 

eielr ^®S an his experiments in the 
Snties, Dunlop seems to have known 


RICHARD JORDAN GATLING— " SOWING 
SEEDS AND SLAYING ARMIES” 
SARAH ANN GLOVER— WHO OPENED THE 
WORLD OF MUSIC TO MILLIONS 
ELISHA GRAY— A PIONEER OF THE TELE- 
PHONE 

HENRY GREATHEAD— INVENTOR OF 
LIFEBOATS 

SIR GOLDSWORTHY GURNEY— FATHER OF 
INCANDESCENT LIGHTING 
JOHN GUTENBERG— A PIONEER OF PRINT- 
ING BY MOVABLE TYPE 
JOHN HADLEY— A PROVIDER OF KNOW- 
LEDGE FOR NAVIGATION 

nothing of Thomson's patent. He began 
de novo, created afresh, and in fairness it 
must be said that he created better. He 
himself did not realise the importance of 
his own work. He fashioned a cushion of air 
for the cyclist, and in so doing made the 
motor-car possible. Thomson fitted rubber 
tyres to a remarkable engine specially 
devised for hauling sugar-cane in Jamaica, 
where he was employed, but that was in 
no way related to the modern pneumatic 
tyre which carries a seventy or eighty 
horse-power motor-car. Thomson’s pneu- 
matic tyre was a brilliant idea, not a 
practical marketable commodity ; it was 
the germ of a marvel falling on stony ground. 
Dunlop worked entirely independently of 
that invention, and it is unlikely that we 
should ever have heard again of Thomson’s 
work had not Dunlop’s invention brought 
it back to mind. 

Without Dunlop there would have been 
no motor-cars on our roads today, for we 
could not have had high-speed engines on 
wheels shod with solid rubber. The motor- 
’bus and the motor-lorry remind us what 
travel with the solid tyre would have 
meant, though with smaller cars of lighter 
frames the shocks and vibration would, of 
course, have been infinitely worse, and the 
speed contemptible. Dunlop’s tyire, patented 
in 1 888, marked a new epoch. It added new 
limbs, as it were, to civilisation. It created 
two enormous new industries, the cycle 
trade and the motor industry, enterprises 
in which colossal sums have since been in- 
vested. Its effects may be traced in a 
couple of concrete instances — that of 
Coventry, whose population has nearly 
doubled within recent years ; and that of 
Stuttgart, where the manufacture of motor- 
cars has brought a new town into existence 
under the walls of the old city. 
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It has been said that since primitive man 
first adopted the wheel, and so opened up 
a new era in transport, no invention of 
greater importance to travelling man has 
been achieved than the rediscovery of the 
pneumatic tyre by Mr. Dunlop. It is grati- 
fying to remember that when it was pro- 
posed a little while ago to erect a statue to 
Mr. Dunlop, a body of men, faithful to the 



JOHN DUNLOP 


memory of the unrewarded Thomson, 
suggested that a statue should be erected 
in his honour also; 

THOMAS ALVA EDISON 
The Greatest Inventor of All Time 

Thomas Alva Edison was born at Milan, 
Ohio, on February n, 1847. The son of 
humble parents, he received but scanty 
schooling, and at twelve years of age was 
engaged as newspaper-selier on a railway 
train, in the baggage-van of which he 
established a miniature laboratory, and 
began his chemical experiments. " ‘ The 
American Civil War being in progress, he 
collected intelligence at large stations, 
printed it with his own type and press, and 
sold his papers— the lirst ever published 
from a railway train — both to passengers 
and to people waiting at the smaller railway- 
stations to hear the latest news. A fire in 
iiis little laboratory caused him to be ex- 
pelled from the train, but a kindly station- 
master, whose child Edison saved from 
death, taught him the elements of electric 
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telegraphy. The youthful inventor turin-d 
his knowledge to account by fitting up 
primitive telegraph instruments and a win*, 
run along a fence, so connecting the station 
with the town near by, and conducting tl 
telegraph service at a shilling a message. 

While engaged as a railway telegraphic 
he invented an ingenious mechanism whi< h 
automatically transmitted a telegraphic 
signal. It was an idle boy’s labour-saver, 
but it proved of considerable importance in 
telegraphy, and was the precursor of a bust 
of other devices of increasing value. 

He was still occupying a menial posit inn 
on the railway when lie; discovered that n 
telegraph wire will carry sinuiltancousK 
two currents of different intensity, Iwu 
messages may be sent at once over the saint- 
line. This led to his invention of duplex 
telegraphy, followed by his quadruple and 
sextuple systems. It. is estimated that Hu m- 
inventions have saved the American telr- 
grapli companies four millions sterling in 
the cost of wire alone. 

lie was only twenty- .seven when he pn- 
fccted his printing telegraph for Si nek 
Exchange quotations, an invention which 
was the advance guard of a large number ni 
similar schemes, and brought him at one 
eight thousand pounds. This enabled him 
to become an employer, and to give lull 
rein to his inexhaustible capacity for brim; 
ing new ideas into practice. 

A marked change now came over bis lilt . 
Up to this point the man whose discover h- 
were changing the character of businc- 
methods in America and Europe had lurii. 
from the time of his quitting the service "i 
the railway companies, little better than a 
tramp - at best an inspired vagabond. He 
mind teeming with great schemes, he hml 
wandered from pillar to post, earning 1 
little money here, spending it there in bunk- 
or chemicals, and dissipating the saving* 
of half a year on some long-planned experi- 
ment which would have delighted the heart 
of the most hardened alchemist. I he 
practical nature of Edison’s genius enable*! 
him not merely to initiate schemes <>t lib 
own, but to modify the faulty scheme- 
less practical men. 

His name is inalienably associated wid* 
the development of the telephone, and dii- 
is due to the fact that he detected die 
weakness of the Bell transmitter. Edi-eii 
has a way of converting unpromising 
materials to his use, and here he employ’ 1 * 
lampblack as a principal constituent, buT 
ing that by this means far better re- nit' 
were obtainable before. The original bell , 
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n.msmitler, with various modifications, has 
Income the receiver, and Edison's the 
nansmitter. Edison was offered an imme- 
diate £20,000 for his invention. But he had 
U-arned wisdom ; he knew that if such a sum 
« .une suddenly to his hand he would swiftly 
dissipate it in tempting experiments. “ Pay 
me £1200 a year for seventeen years,” he 
-aid ; and so for the first time had an as- 
-ured income for a term of years. 

A period fruitful in inventions followed, 
such as the microphone, which so increases 
sound as to render audible the footfall of 
a fly J the microtasimcter, which records 
minute variations in temperature and 
u lsters the heat of a star upon the earth. 
And so, every new idea opening out some 
lush horizon, he was led gradually to the 
evolution of the phonograph. The first 
machine consisted of a cylinder covered 
with detachable tinfoil a diaphragm and 
trumpet. The words spoken through the 
trumpet and diaphragm created certain 
indentations upon the tinfoil which clothed 
1 he revolving cylinder ; and there came a 
day when the instrument gave him back 
the line “ Mary had a little lamb,” the first 
words ever delivered by the talking machine. 
All the numerous family of sound-producing 
instruments are the descendants of the 
primitive machine which repeated the 
nursery rhyme after its creator. 

Next, taking up the idea of moving 
pictures to reproduce to the eye the sugges- 
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tn*n of form and mobility, he produced, in 
kinetoscope, the parent form of the 
( uiematograph and similar wonders ; and 
latterly he has adapted his phonograph to 
Wt,1 ’k in conjunction with his moving pic- 


tures, so that not only the outlines of 
figures in movement, but their voices, may 
live again ten thousand miles away. Both 
these inventions, at first scientific toys, 
have since become important items of 
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practical utility, the former in business, the 
cinematograph in education and science. 

The high vacua secured by the Crookes 
tube prepared the way for ihe Edison in- 
candescent lamp. Edison took up electric 1 
lighting when the only means of electric 
illumination was the arc-lamp, which was 
impossible, for ordinary indoor purposes. 
He organised a literally world-wide search, 
extending over some* years, for a suitable 1 
filament for his lamps, and at last found it 
in the inner bark of a Japanese bamboo ; 
and for a decade this vegetable growth, 
carbonised and chemically treated, served 
to light the lamps of a thousand centres. 
Metallic filaments have 1 now replaced the 
fabrics that followed Edison’s first attempts. 

Two great industrial schemes next en- 
gaged his attention. In the first he devised 
a plan for detecting small quantities of iron 
ore in rock, and then of crushing the rock 
and of separating the metal from its matrix 
by means of powerful magnets. He installed 
a great plant for carrying out the work, only 
to see abundant cheap rival ore discovered 
near his works which made it impossible for 
him profitably to work his plant. He 
closed down his works, a heavy loser ; but 
the day will come, no doubt, when the 
scheme will be gladly revived to work poor 
deposits in localities where richer yields 
cannot be found. Proceeding from this 
failure to another success, he devised a 
method of cheaply and swiftly building 
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houses and other premises, by means of 
concrete poured into huge metal moulds, 
which, as the concrete hardens, can be with- 
drawn, leaving the walls and floors of a 
building complete in a few days from the 
installation of the foundations. 

Since then he has made many attempts 
to provide the long-sought electric storage 
battery which shall make the electric motor- 
car capable of running long distances, and, 
at the same time, enable the consumer of 
electric current to depart in safety from the 
neighbourhood of the dynamo to which his 
batteries have now frequently tp be sent to 
be recharged. He has improved the battery, 
but has not yet, in spite of repeated an- 
nouncements to the contrary, found the 
great secret which will make such battery 
the long-service repository that we all seek. 
The list of the Edison inventions in practical 
electricity runs into many hundreds, and 
only the most notable have been mentioned. 

His inventions are embodied in our 
electric trains, our trams, in our telegraphs, 
our telephones, in our lighting, in our enter- 
tainments, in our schools and universities, 
and in hospital practice, in the home, the 
factory, and the street. 

What Lister did for surgery, what Bur- 
bank is doing for botany, what Berthelot 
did for synthetic chemistry, Edison lias 
done for electricity in its application to the 
needs of our daily life. Few men have so 
profoundly influenced the science and indus- 
try of their day as has this American product 
of Scotch and Dutch blood. He himself has 
acquired riches, but the commercial worth 
of his inventions to the world is incalculable. 

# JOHN ERICSSON 

The Maker of the First Workable Screw-Propeller 

John Ericsson was born at Langban- 
shyttan, Vermland, Sweden, on January 31, 
1802, the son of an inspector of mines. 
After diligently studying the machinery of 
mines near his home, he designed, when ten 
years of age, a pump for draining mines of 
water, the pump to be driven by a windmill, 
which he planned from a verbal description 
of one already in existence elsewhere. At 
twelve years of age the boy, who was “ the 
wonder of the district,” was engaged as a 
draughtsman by the Swedish Canal Com- 
pany. Entering the Swedish Army as a 
private, when seventeen, he was speedily 
marked for his unusual proficiency in draw- 
ing and map-making, and was advanced to 
the rank of captain. He was still a Swedish 
officer on furlough when, hearing of, the 
engineering feats of Englishmen, he visited 
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England and associated himself with Join 
Braithwaite, the engineer. 

Quitting the army in 1827, he settled fn 
a time in England, and entered for th 
steam locomotive contest, the prize fo 
which was to be £500 and the glory of put 
ting on to the first steam railway the firs 
steam locomotive. He had already effects 
certain notable improvements in marin< 
engines. The ship which carried Sir Join 
Ross to the Arctic regions in 1829 contains 
engines built on the Ericsson plan. 

He quite expected to beat Stephens! >i 
in the contest for the locomotive prize 
But Stephenson and his son had bm 
living with and for their idea ; Ericssm 
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came relatively late to it. He is said t< 
have built his engine in six weeks. Tin 
two Stephensons alone knew the capaciU 
of their little “ Rocket.” The engine bail 1 
by Ericsson and Braithwaite was th* 
“ Novelty.” It weighed only 3 tons j 
cwt. — 24 cwt. less than the “ Rocket.' 
Before the trial, Ericsson's engine was firs' 
favourite, and at its initial spin it ran, a 1 
times, at twenty-four miles an hour, in ph*c» 
of the ten miles demanded by the condition* 
But it was less carefully thought out thai 
its English rival. The English engine ha* 
the steam-blast ; Ericsson's had air force! 
by bellows through the fire, and th*** 
bellows, together with burst steam-pip 4 * 
were its undoing. The “ Rocket ” prove* 
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incomparably the better engine, and, when 
the prize had already been won, travelled 
at the rate of thirty-five miles an hour — a 
speed which even today must make certain 
suburban railway companies almost hold 
their breath. Ericsson did no more with 
steam locomotives, but turned his attention 
to the propulsion of ships, and perfected 
the screw propeller. The idea did not 
originate with him, for the propeller has 
a history of its own ; but when at last the 
Admiralty, after swearing they would ne’er 
consent to its use, consented, Ericsson, 
after heartbreaking rebuffs and delays, was 
awarded £4000 as his share of the £20,000 
awarded by the Admiralty in payment 
lor the idea. 

Ericsson was far ahead of his time in 
England, and his ill success with a steam 


of eleven feet. It was thus impossible to 
carry the armour necessary for a high- 
built ship. Ericsson constructed one with 
sunken hull, crowned with a Cylindrical 
armoured turret, which carried the gun 
and the gunners, and, as it revolved on 
its vertical axis, delivered an all-round 
fire while the vessel was stationary. The 
success of the vessel was immediately 
established by her battle with and defeat 
of the “ Mcrrimac." The ironclad and the 
armoured turret had come to stay, and a 
revolution in naval architecture began. 
Though mainly concerned with shipbuild- 
ing in his later life, Ericsson covered nearly 
the whole field of mechanical invention. 
He died in New York on March 8, 1889, 
and his body was carried by an American 
warship to the land of his birth. 
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fire-engine, coupled with his experiences 
over the screw propeller, drove him from the 
land. His experiences in the United States, 
whither he now transported himself, were 
‘it first little happier. Professional con- 
servatism was not then the monopoly of 
iinv one nation, any more than enterprise 
mid initiative arc today. Although his 
lame had preceded him as the designer of 
Hie first boat driven by screw propeller 
across the Atlantic, he had infinite oppo- 
sition to meet. The Civil War yielded 
him his great chance, when the armouring 
(, i the Confederate steamship “ Merrimac " 
brought Ericsson to grips with a subject 
which he had made his own. 

He furnished the Federals with their 
re ply. It was the redoubtable 4 ‘ Monitor." 
ftiMgned to follow the enemy into shallow 
"a ter, her draught was limited to a depth 


GABRIEL DANIEL FAHRENHEIT 
The Maker of a Famous Thermometer 

Gabriel Daniel Fahrenheit was born at 
Danzig, Prussia, on May 14, 1686. He 
was intended by his parents for a com- 
mercial career, but was fortunately able 
to avoid the counter and the office, and 
devote himself to natural philosophy. In 
pursuit of his studies lie travelled through 
Germany, Holland, and England, and lived 
for the most part in the two last-named 
countries. It is quite erroneous, of course, 
to speak of him as the originator of the 
thermometer. What he did was to break 
away from the old practice of charging 
the tube with spirits of wine or alcohol, 
and to substitute mercury. 

This has many advantages over other 
fluids, and some of its qualities are unique. 
The scale now in use is not exactly that 
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which lie fixed, but is near enough to be 
recognisable. He established his scale in 
the following manner. Zero ho lixed as 
the lowest temperature that he observed 
during the winter of 1709 at Danzig ; the 
space between this point and that to 
which the mercury rose at the temperature 
of boiling water he divided into 212 parts 
or degrees. He gave the 32 degrees as 
freezing-point, in order to avoid negative 
figures -which in the later centigrade scale 
so often proves a stumbling-block to the 
uninitiated. Fahrenheit, who was elected 
a Fellow of the Royal Society, made 
several contributions of value to the 
scientific publications of the period, and 
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devised an improved hygrometer. He died 
in Holland on September 16, 1736. 

JEAN BERNARD LEON FOUCAULT 
The Measurer of the Speed of Light 

Jean Bernard Leon Foucault was born 
in Paris on September 18, 1819. Galileo, 
in the 'thirties of the seventeenth century, 
braved the terrors of the Inquisition when 
he declared that the earth moves ; Fou- 
cault gained immense fame in 1851 by 
proving it. The French physicist suspended 
a pendulum to the lofty roof of the Pan- 
theon, the point of suspension being verti- 
cally over the c.entre of a round table. 
It was then seen, by the slow but certain 
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apparent movement of the table in a 
contrary direction to the hands of a clo< |< 
that the earth rotates, carrying with it, <>t 
course, the table and the building con- 
taining it, but leaving the pendulum still 
oscillating in space in the same plane. 

In the following year Foucault invents], 
or it would be better to say adapted and 
improved, the gyroscope, for the gyroscope 
was known in principle for perhaps a 
century before his birth. With his gyro- 
scope Foucault repeated his experiment, 
and confirmed the results already obtained. 
Since then his gyroscope has become pan 
of an implement of war, in the Brennan 
torpedo, and promises to be of nmi'i: 
service in peaceful occupations employed 
to preserve the stability of mono-rail trains, 
ami to the roll of ships in stormy seas. 

Foucault was the son of a publisher, and 
having first inclined to medicine, took up 
chemistry and developed the daguerrotx in- 
considerably. He closely investigated tin 
properties of light, a natural sequence to lib 
experiments on behalf of photngrapln. 
and revealed the fact that light travels with 
greater velocity in air than in water, and 
that in different media the velocity vanr- 
inversely as the refractive indices of tin- 
respective media. Appointed physical a^ 
sistant in the Paris Observatory, he snmi 
afterwards discovered what are known as tin 
Foucault currents lc., electric current- 
induced in a mass of metal when in a 
magnetic field of varying intensity. 

lfe invented the polariser which bears lib 
name, improved the telescope in yarn al- 
ways -one being the simple yet cflectivr 
scheme of thinly coating the object -gla- 
with silver, to prevent damage to the c\r 
when viewing the sun. He greatly increa-ul 
the efficiency of electric lighting, and. 
eleven years before his death, which 
occurred in Paris on February 11, 
measured the actual velocity of light. TJmmv 
had previously been some brilliant giu ^ 
and some close calculations, but Foucault 
fixed it for all time at — to put it in 1 " 
English figures — about 185,000 miles pci 
second. Our Royal Society rightly honouiol 
Foucault witli its Copley medal. 
results of his work are reflected in mam 
directions where the pure science ol t,u ‘ 
savant has been turned to account in lI,L ‘ 
everyday life of the man in the street. 

ROBERT FULTON 
The First Successful Steam Navigator 

Robert Fulton was born in 1765 at I >d ic 
Britain, Pennsylvania, a name now chain'd. 
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ROBERT FULTON OFFERING IUS INVENTION TO NAPOLEON 
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York State. He encouraged Fulton to 
persevere, financed him, and obtained an 
extension of the privilege referred to. 
Fulton bought an engine from Boulton and 
Watt, and carried out successful experi- 
ments on the Seine. 

Then he returned to England, and, going 
to Scotland for the trial of the “ Charlotte 
Dundas,” was present on her first trip, 
examined her mechanism, and was allowed 
to go without reserve over the plans of 
Henry Bell, who was in due time to fashion 
the famous “ Comet.” A second engine was 
ordered by Fulton from Boulton and Watt, 
but this one was sent across the Atlantic, 
where Fulton built the “ Clermont,” so- 
called after the residence of his friend and 
financier, Livingstone. 

It is commonly assumed that Fulton was 
the first man to float a steamship on 
American waters. This is not the case. The 
insolent restrictions imposed by Great 
Britain on trade in the New World, restric- 
tions only removed by the War of Inde- 
pendence, had kept the Americans in 
absolute ignorance of engine-building, and 
that during a time in which Watt had 
improved the engine from the simple 
pump of Newcomen into the rotative 
engine suitable for a variety of power 
purposes. With the removal of legislative 
limitations, the Americans began at once to 
scheme for the utilisation by steam-power of 
their own splendid inland waterways. Twenty 
years before Fulton got his vessel afloat in 
American waters a little canoe was pro- 
pelled along the Delaware by steam-driven 
paddles. Its builder was John Fitch, of 
Connecticut. He later built a steamer with 
paddle-wheels in the stern, and in 1790 
actually opened a steamship service between 
adjacent towns on the Delaware, failing 
apparently because his engines took up too 
much room to allow the craft to carry 
sufficient passengers or cargo to return a 
profit. He died heartbroken and in poverty 
nine years before Fulton began his more 
successful operations in the West. 

Then a Colonel John Stevens, who was 
half a century before his time, launched, in 
1804, a steamer propelled by submerged 
twin screws ! His engine still exists, in 
working order, at the Institute of Techno- 
logy bearing his name, at Hoboken, New 
Jersey. His idea was excellent, but he was 
ahead of the mechanical arts of his age ; 
and when he next appeared it was with a 
paddle-steamer, only a few days in the wake 
of Fulton’s. That of Stevens, denied access 
to the Hudson by Fulton’s monopoly, was 
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the first steam-driven craft to go to sea. 
She steamed from New York to Phila- 
delphia, where she plied for many years. 
That was four years before Bell headed the 
little “ Comet ” out to sea. How, then, 
stands the case of Fulton ? 

He was the first to make the steamship a 
practical success in America. The lessons 
that he had learned of Symington and Bell 
were of eminent service to him ; but. 
despite the advance of public opinion in 
America on the question of steam naviga- 
tion, he was hampered, discouraged, and 
ridiculed from beginning to end of his 
building of the vessel. Unsympathetic 
critics spoke contemptuously of “ Fulton’s 
folly,” declared that the ship could nevci 
be completed; that if it were it would not 
float, and that if it floated it would be ol 
no use. Fulton went doggedly on, build- 
ing a vessel round his Birmingham-made 
engine, but fashioning the paddle-wheels 
himself and coupling them to the engine 
with his own hands. 

The “ Clermont,” on August 17, 1807, 
began her trial trip from New York to 
Clermont, proceeding next day to Albany. 
She returned to New York on the following 
day, completing a journey of 300 miles at 
an average speed of five miles an hour, it 
was a great day for steam navigation. 
Fulton’s predecessors had never quite 
emerged from the experimental stage; and 
though a son of Colonel Stevens was out a 
few days later with a practical little steam- 
ship, Fulton was, after all, the real pioneer 
of true steam navigation. 

A picture of the scene during part of tin 1 
“ Clermont’s ” voyage is worth recalling to- 
day when we are but newly recovering 
from the effects of the aeroplane’s coming. 
The steamship is making her way in tin* 
dusk along a crowded waterway, and one 
who was on board describes the effect upon 
the crews of other vessels, “Notwith- 
standing the wind and tide were adverse to 
its approach, they saw with astonishment 
that it was rapidly coming towards them : 
and when it came so near that the noise ol 
the machinery and paddles was heard, the 
crews, in some instances, shrunk beneath 
their decks from the terrific sight, or let 
their vessels run ashore ; whilst others 
prostrated themselves and besought Provi- 
dence to protect them from the approach 
of the horrible monster which was marching 
on the waves and lighting its path by the 
fires which it vomited.” The success of 
vessel gave Fulton and his partner, Living- 
stone, what should have been a monopoly 
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of the Hudson for twenty years ; but they 
made very little out of their venture, and 
the concession was annulled in the law 
courts before it had run its course. 

Fulton built other ships ; one, the 
“ Fulton,” launched in the year of Waterloo, 
was the first steam warship. Others like it 
might have been Napoleon’s at the time 
that he was scouring the seas for ships to 
carry over from Boulogne to England his 
“ army of invasion.” Several minor inven- 
tions stand to the credit of Fulton, who 
was a creative genius of high order, but it 
is with the steamship, the submarine, and 
the torpedo that his name will always be 
associated. A glance at our Parliamentary 
debates for 1802, when Earl Stanhope 
described to the House of Lords the warlike 
inventions of Fulton, “ the terrible Ameri- 
can,” as he was popularly known, serves to 
recall an impression of the alarm which his 
name and fame inspired in our land. He 
died at New York on February 24, 1815. 

MANUEL GARCIA 

The Singer who Discovered the Vocal Cords 

Manuel Garcia, inventor of the laryngo- 
scope, was born in Madrid on March 17, 
1805. He was the son of Manuel del 
Popolo Vicente Garcia, of Seville, famous 
in his day as singer, teacher of music, and 
composer of many successful operas. The 
Garcias were eminent singers for several 
generations, and have been characterised 
as “ representative artists, whose power, 
genius, and originality have impressed a 
permanent trace on the methods of vocal 
execution and ornament.” But Manuel 
Garcia was far more than a singer, and his 
work lives in the health of thousands who 
owe their life to his researches. 

Garcias early life was eventful. While 
his parents were on their travels he was left 
with his grandparents in Madrid, but in the 
year of Waterloo he followed them to 
Naples, where Murat had made the elder 
Garcia first tenor in the Royal Chapel choir. 
Manuel lived ninety-one years to recall the 
trial and execution of Murat, which he per- 
tectly remembered. Proceeding with his 
parents to America, he had many adventures 
with them while his father was producing 
opera in New York and Mexico. On their 
return, bringing with them a fortune, they 
were held up by Mexican bandits, who 
robbed them of all except a packet of gold — 
a very small portion of the whole. Excited 
W his experiences of travel, Garcia resolved 
10 be a sailor, but his mother’s entreaties 
prevailed on him to join his father in Paris 

vocalist and teacher of singing. 


At the age of twenty-four he quitted the 
stage, and devoted himself to the teaching 
of singing and to the study of the human 
voice, and was appointed in 1830 a pro- 
fessor at the Conservatoire of Paris. Garcia 
was in his time the finest exponent of the 
antique florid style of singing, character- 
istic of 'Italian opera, and was regarded as 
the first teacher of the art ; and after intro- 
ducing to the stage many admirable singers 
he published volumes, which are still of 
interest, entitled “ Memoir on the Human 
Voice,” 1840 ; “ Treatise on Singing,” 

1841, and others. The famous Mali bran, 
one of the greatest operatic singers who 
ever lived, was a sister of Garcia ; he had 
watched her development, under his father’s 
tuition, from a child with a sweet, natural 
voice into a supreme songstress ; and 
realised that there is almost no limit to the 
improvement in vocal production which a 
sound method of teaching may effect. 

The permanent interest of Garcia’s writ- 
ings lies, however, in the fact that they 
record not only the experience of a great 
virtuoso and teacher, but also the reasoned 
conclusions of a physiologist. Garcia 
studied the throat and larynx more closely 
than surgeon had ever done, and as the 
result of liis long-sustained endeavours gave 
to humanity the laryngoscope. It is an 
extraordinary invention, if only because of 
its extreme simplicity. The laryngoscope 
consists essentially of a. tiny round mirror, 
attached by its rim to a long, thin handle, 
to which it is inclined at an obtuse angle. 
This laryngeal mirror is introduced by the 
surgeon, or, as in Garcia’s practice, by the 
teacher of singing, into the back of the 
mouth-cavity of patient or pupil, over the 
throat. It serves the double purpose of 
reflecting light down on to the vocal cords 
and of reflecting their image to the eye of 
the observer. Light is supplied to the 
laryngeal mirror from a lamp, by means of 
a second larger, circular mirror or reflector, 
attached to the head of the observer, who 
looks through an aperture in the centre of 
this reflector. The whole instrument, prac- 
tically as now used by the medical profes- 
sion, was the invention of Garcia, who says : 

“ One day in the autumn of 1854 I was 
strolling in the Palais Royal when sud- 
denly I saw the two mirrors of the laryngo- 
scope in their respective positions as if 
actually before my eyes. I went straight 
to Charriere, the surgical-instrument maker, 
and, asking if he happened to possess a 
small mirror with a long handle, was 
supplied with a dentists’ mirror. Returning 

4673 



HARMSWORTH POPULAR SCIENCE 


homo, I placed against the uvula the little 
mirror (which I heated with warm water 
and carefully dried) ; then, flashing on its 
surface a ray of sunlight, I saw at once 
the glottis wide open before me, so. fully 
exposed that I could see a portion of the 
trachea. From what I then witnessed it 
was easy to conclude that the theory 
attributing to the glottis alone the power 
of engendering sound was confirmed, from 
which it followed that the different posi- 
tions taken by the larynx in front of the 
throat have no action whatever in the 
formation of sound.” 

Garcia had discovered an instrument 
which proved inestimably valuable in 
diagnosing many forms of disease ; and 
five years later the Laryngological Society 
was established, with vastly beneficial 
results to humanity. Armed with the 
laryngoscope, the surgeon has created a 
new science-- the science of curing diseases 
of the car, throat, and nose. As the 
“ Times ” declared when the inventor died, 
“ It is no figure of speech but a statement 
of demonstrable fact that millions of 
human beings have been benefited by 
Manuel Garcia’s invention.” 

Garcia’s career as a teacher of singing 
was one of unprecedented length, lie 
founded famous schools in England, France, 
and Germany, and had many illustrious 
pupils, among whom the greatest was 
Jenny Find. Fifteen years her senior, he 
survived his illustrious pupil nineteen 
years. His hundredth birthday was cele- 
brated with many expressions of regard ; 
on that day he paid. a visit to King Edward, 
and was publicly banqueted. He had long 
made his home in England, and died in 
London on July i, 1906, aged 101 years 
and four months. 

RICHARD JORDAN GATLING 
Inventor of Machines for Sowing Seeds and 
Slaying Armies 

Richard Jordan Gatling was born in 
Hertford County, North Carolina, on Sep- 
tember 12, 1818. Although famous chiefly 
as the inventor of the most terrible engine 
for the destruction of life known to his 
generation, he deserves a place in the roll 
of men honoured for their contributions to 
the machinery by which the employments 
of peace are furthered. His father was a 
prosperous slave-owning cotton-planter ; 
and as Whitney’s cotton-gin had made it 
necessary to employ negro labour for the 
cheap production of the vast quantities of 
raw cotton with which the contrivance could 


deal, so these two, ingenious father and 
talented son, devoted their energies to 
bettering the means of producing the cotton 
for the employment of their slaves. The 
great industry built up in the United 
States in agricultural implements may be 
dated from the invention by the Gatlings of 
their machine for sowing* the seeds of cotton 
and thinning out the plants. 

The younger Gatling proved one of those 
creative geniuses whom it was the good 
fortune of the United States to produce in 
abundance during the nineteenth century. 
Thus, convinced that the paddle-wheel was 
not the best means of propelling steam- 
ships, he invented a screw propeller. This, 
the first of his unaided designs, was brought 
to perfection during his twenty-first year, 
but proved a barren labour, for on seeking 
to patent it he found that he had been 
anticipated by John Ericsson. He then 
devoted himself to the production of a 
machine for sowing rice, which in time 
lie adapted to the sowing of wheat in 
drills. Afterwards he produced a machine 
for breaking hemp, and a steam-plough, 
which proved too early for the farmer. 

Establishing himself in St. Louis, he 
began the manufacture upon a large scale 
of his various machines, the use of which 
had a very considerable influence upon 
agricultural practice both in the United 
States and in Europe. While engaged in 
this work he found time to qualify as a 
doctor, but the outbreak of the Civil War 
directed his energies into a new channel. 
Gatling now essayed the task of improving 
the firearms in use, and, although he had 
never previously studied the question, lie 
succeeded, in the course of little more 
than a year, in evolving the first of the 
famous Gatling guns. It was essentially 
a development of the revolver-pistol. The 
ten gun-barrels, grouped around and re- 
volving about a common axis, with whicli 
they lay parallel, were revolved by a handle, 
and the speed at which the projectiles 
were discharged depended upon the rate 
at which the barrels were caused to revolve. 
For every revolution of the entire gun-barrel 
the whole ten tubes which it comprised 
were each fired once. 

The weapon was an immense advance 
upon anything previously designed, but it 
came too late to be extensively employed 
in the Civil War. The curious point is 
that Gatling, who had been a slave-owner, 
sold his gun not to the army which was 
fighting for the right of free citizens to 
make slaves of their fellow-men, but to 
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the Federal Army. A dozen Gatling guns 
were used by General Butler, but it was 
not until the conclusion of the war, by 
which time Gatling had improved his 
weapon, that it was officially adopted by 
the Federal Army. The first Gatling fired 
250 bullets per minute ; later guns fired 
1200 in the same time. Gatling continued 
to invent, and late in life produced a gun- 
metal of steel and aluminium. He died in 
New York on February 26, 1903. 

SARAH ANN GLOVER 
The School-Teacher who Opened the World of 
Music to Millions 

Sarah Ann Glover, “ inventor ” of the 
Tonic Sol-Fa system of musical notation, 
was born at Norwich in 1785, and was a 
teacher there. She performed an astound- 
ing feat by placing a knowledge of music 
within the reach of the masses. The old 
staff notation, with its lines and spaces, 
is always regarded at first by the learner as 
a sort of specially cryptic shorthand ; the 
doh, ray, me, fall of Miss Glover presents a 
familiar and intimate appearance, which is . 
readily grasped. The actual invention is 
but a surprisingly short step from the 
solfeggio of Guido Aretinus, who lived in the 
eleventh century. Aretinus noted that in 
the melody of an ancient hymn the notes 
on which the successive phrases begun were 
identical in order with the six notes of the 
hcxachord, and he adapted the syllables to 
which they were allied in a certain verse of 
the hymn, as names to represent the degrees 
of his new scale. He thus had ut, re, mi, 
fa, sol, la. Seven centuries later, the lower 
(loh was substituted for “ ut,” while “ si ” 
was added as the note above the “ la.” 

Miss Glover had thus a good and ancient 
foundation for her system, and she developed 
it with judgment and skill. Her important 
innovation was that the term “ doh ” was 
not applied any longer to a fixed note on 
the keyboard, but to the tonic or keynote of 
the piece, whatever that note might be. To 
make the system successful on a wider 
scale, however, greater energies than hers 
were needed. The man for the hour proved 
to be the Rev. John Curwen, a Non- 
conformist minister, born at Heckmond- 
wike, Yorkshire, November 14, 1816. 
He at once realised the possibilities of the 
new notation, and gave up his life to spread- 
ing it abroad. Before his death, which 
occurred at Heaton Mersey, Lancashire, 
on May 6, 1880, Tonic Sol-Fa had spread 
into all lands as the easiest teaching system. 
Children readily learned it in the primary 
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schools ; they carried music into thousand* 
of homes which had previously known n< 
song. Choral societies and glee parties 
sprang up in all directions. Cantatas anc 
oratorios, which had been mysteries irre- 
vocably scaled from the masses, became 
easy of interpretation, not only in Great 
Britain, but in her Colonies ; and even ir 
savage and semi-savage lands nativej 
learned to sing by the new method., Tlu 
Tonic Sol-Fa student proceeds easily, when 
necessary, to the staff notation. Mis* 
Glover, who lived to see her work famous 
died at Malvern, on October 2, 1867 
Curwen established her system, but he wa> 
always generous in insisting that Mis* 
Glover was its originator. 

ELISHA GRAY 

One of the Two who Invented the Telephone 

Elisha Gray, an inventor of the telephone, 
was born at Barnesville, Belmont County, 
Ohio, on August 2, 1835. Gray's career afford J 
one of the most striking examples of tliJ 
simultaneous yet independent origin ofl 
ideas. He invented an electric telephone! 
and went to the Patent Office at Washington 
to file his caveat. He found that he had been 
anticipated by a few hours. Alexander! 
Graham Bell had that very morning 
entered particulars of his own electric tele-| 
phone. The date, which marked one of tluf 
greatest advances in the science of human:; 
communication, was February 14, 1870$ 
Neither man had tried to get ahead of the 
other ; neither knew that he had a rival.? 
To crown the coincidence, they entered^ 
their respective particulars not only 011E 
the same day but at the same office. S! 

Looking back now upon the history of; 
the telephone, upon all the steps taken byi' 
Reis and Wheatstone, and to the volume of 
prophecies outlining the coining of a tele-;, 
phone, it is surprising, especially in view ol|{ 
the success of the electric telegraph, that, 
the world had so long to wait for the tele-f 
phone. Conveyance of speech by an unelec-jj: 
trified wire was a method older than theg 
general knowledge of electricity itself. Bell; 
might have been earlier, for he had illimit-;: 
able literary resources ; Edison was un-j! 
wontedly tardy. But Gray achieved wonderi. 
in so soon getting out his invention, for hdf 
was desperately poor, and had neither 
the over-mastering capacity and fecunditvi 
of ideas of Edison, nor the intellectual 
opportunities of Bell. j 

Gray’s struggle was a hard one. Like 
many other commanding figures in the? 
history of his times, he began life as ai| 
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artisan, working as a journeyman carpenter 
and mechanic, while at the same time 
reading hard at physical science. Like 
many a Scottish lad of recent times, he 
studied at college while earning his bread 
as a craftsman, and during this period 
worked ardently at the practical application 
of electricity to serious purposes. His 
first invention took the form of an electric 
switch and annunciator for telegraphic 
purposes, and his researches in this direc- 
tion led him to the study of the conveyance 
of sound by electricity. He and others saw 
that there was but a little step to take from 
the old plain wire telephone to electrical 
transmission. Having invented an ingenious 
method by which sound could be repro- 
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duced at a distance by means of a current 
of varying intensity along a wire, Gray 
hastened at last to the Patent Office. The 
outcome must have been almost heart- 
breaking. He did not, however, surrender 
hope, and it was not until some years had 
passed that he was finally driven to realise 
that his patent was invalid. 

Bitter as was his disappointment, Gray 
continued valiantly at work, and pursued 
lines in which he must have been danger- 
ously near experiences of like kind with 
Edison. For, carrying on his experiments 
with telegraphy, he evolved systems of 
multiple telegraphy culminating in his 
being able to send eight messages simul- 
taneously over the same wire. At the 
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London General Post Office a system of this 
sort is in use, but it is not Gray’s. They use 
there, also, the ingenious telautograph, which 
Gray invented, but that at the G.P.O. is 
not Gray’s. His was the first ; that now in 
use is a much improved machine. Still, 
Gray’s was a masterpiece of inventive 
genius. The sender of a telegram writes his 
message, and his handwriting is reproduced 
in facsimile at the addressee’s end of the wire. 
The telautograph is positively uncanny to 
watch, as its spectral, spidery finger flashes 
backward and forward across the paper, 
writing the words inscribed by a hand miles 
away. Gray’s invention was admirable, but 
if forced at any speed proved wanting, the 
receiving pen lagging behind the transmit- 
ting pencil. The invention has now been 
perfected by Mr. Foster Ritchie, and is no 
longer a show-piece at large post-offices but 
an indispensable adjunct to the daily work. 

Gray’s inventions, judging by his patents, 
which number upwards of sixty, must have 
been very numerous, and some of his 
labours may yet bear the fruit that he was 
denied. His system of electric bells for 
submarine signalling was brought back to 
mind a few months ago when the trans- 
mission of signals by means of this sort was 
declared emphatically successful. Although 
unable to claim public gratitude for his 
telephone, Gray was deservedly honoured 
by his generation, was granted the decora- 
tion of the Legion of Honour, and held a 
foremost place among the electricians of 
the day. He distinguished himself as a 
manufacturer of electrical appliances, and 
was not without material reward. But in 
America they speak of his career, over- 
shadowed by his telephone misfortune, as 
tragic. He died at Newtonville, Massa- 
chusetts, on January 21, 1901. 

HENRY GREATHEAD 
The Inventor of Lifeboats 

Henry Greathead, lifeboat inventor, was 
born at Richmond, Yorkshire, on Janu- 
ary 27, 1757. After an apprenticeship to 
boat-building, Greathead spent some time 
afloat as a ship’s carpenter, and learned from 
practical experience the bitter lessons of the 
sea. Returning to his home, he began busi- 
ness on his own account as a boat-builder. 
There was not a lifeboat in existence when 
Greathead put up his sign, nor would then' 
have been one, in the North at all events, 
had not a great tragedy happened. Thb 
was in 1789. Now, as credit for the in- 
vention of the lifeboat is rightly accorded 
to Greathead, it is but just to note that he 
had already been anticipated. 
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In 1785 a coach-builder, Lionel Lukin, of 
Long Acre, London, a native of Dunmow, 
Essex, ‘although he had but small acquaint- 
mce with the sea, was moved to pity for the 
sailor perishing in sight of the land to which 
ie was returning ; and this dweller amid 
:he smoke and turmoil of London invented 
die first lifeboat, patented it in 1785, and 
succeeded by its use in rescuing several 
shipwrecked mariners. Lukin’s lifeboat 
k v as ingeniously designed, and comprised a 
series of airtight chambers, to give buoyancy 
to the craft. Its fatal defect was its 
structural weakness, so that the sides would 
•ollapsc upon slight impact. The germ of a 


The wreck of the “ Adventure,” so 
tragically conspicuous, roused England in i 
1789 to the question of new shore-boats, as ; 
in 1912 the wreck of the “ Titanic ” roused I 
the world to the question of better and more 
boats for ships at sea. To the credit of the 
people of South Shields, they originated the 
voluntary lifeboat service which has since* 
become national. They offered a handsome 
premium for a boat which could go to sea. 
in a storm and rescue a crew from the horror 
of a situation such as the whole population 
of the town had just witnessed. There 
were many competitors for the prize. 
Among them was William Wouldhave, the 
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line idea was in the Lukin boat, but the 
invention was soon forgotten. 

The call to (Ire at head came in 1789. I11 

that year occurred a terrible wreck. The 
^hip “ Adventure,” of Newcastle, grounded 
,i n the Herd Sands, at the mouth of the 
River Tyne, and was battered to fragments 
by the breakers. Thousands of people 
stood upon the shore and watched the crew 
go to their deaths. Not a man was saved ; 
not an effort was made from the shore to 
rescue. No known boat could have lived 
in such a sea ; to have launched one would 
have but added to the tragedy. The 
position of the Tyne was typical of the 
whole country. Shipwreck meant death. 


beadle of the parish church of St. Hilda, 
South Shields. He, without Greathead’s 
practical knowledge of boat-building, had 
sound ideas, and some of these wore 
eventually embodied in Greathead’s in- 
vention. But Greathead's plan was in- 
contestably the best of all submitted. 

The Greathead lifeboat was quite unlike 
Lukin's. For a first essay it was an ad- 
mirable boat! It was 30 feet long, 10 feet 
wide, and 3 feet 4 inches in depth, lined 
inside and out with cork, to give buoyancy 
equalling Lukin's, but greater resistance, 
and was propelled by ten oars, five on cither 
side. Although of very light draught, the 
boat carried twenty people. It performed 
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admirably in its trials, was bought by the 
Duke of Northumberland, and, in 1789, pre- 
sented to the people of North Shields. The 
Greathead lifeboat embodied principles not 
previously associated with boat-building, 
but was, of course, far from perfect. It 
could not, for example, free itself from water, 
nor right itself if upset. Nevertheless, it 
wAs a remarkable example of an invention 
to order, and Greathead lifeboats saved 
hundreds of lives before their supersession 
by the more scientifically built craft of 
which they were to be the forerunners. 
Greathead was richly rewarded during his 
lifetime, and in 1890 a memorial was erected 
*in his honour at South Shields. It is gratify- 



SIR GOLDSWORTHY GURNEY 


ing to find the name of William Wouldhavc 
on this memorial. Greathead died in 1816. 

SIR GOLDSWORTHY GURNEY 
The Father of Incandescent Lighting 

Sir Goldsworthy Gurney was born at 
Treator, near Padstow, Cornwall, on Feb- 
ruary 14, 1793, and, like Sir Humphry 
Davy, was vowed to surgery. As a fact, 
he did qualify, and was established in 
practice at Wadebridge, and there was 
considerable discontent among his patients 
when he took a partner and turned over 
the practice to him, while he gave his 
undivided energies to theoretical and prac- 
tical mechanics. James Brindley carried 
out his fine engineerings feats without any 
education worth mentioning, and Gurney 
helped in a dozen directions to revolutionise 
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the application of science to the uses of 
daily life without scientific training, apart, 
of course, from that necessary for his 
equipment as a doctor. 

It was his fortune to live in Cornwall 
when Trevc thick and Murdock were ter- 
rifying the country-folk by their experiments 
with steam as a means of locomotion, and 
the craft of the engineer began to call from 
that fortunate hour. But before he could 
give rein to his natural bent he devoted 
himself with enthusiasm to the principles 
of abstract science, and, when perhaps not 
nearly as well qualified as the average 
polytechnic student of today, delivered a 
series of popular lectures in London on tin* 
elements of chemistry. 

A glance at the life of Lord Kelvin in 
these pages will show how utterly deficient 
in knowledge of experimental science Eng- 
land was even twenty years later than tlu* 
age in which Gurney began his work. The 
horizon has broadened so considerably 
since that Gurney, who was really a very 
important figure in the renaissance ot 
scientific learning in this country, is prac- 
tically numbered with the forgotten heroes. 
He was one of the lesser men of light and 
leading to whose lectures Earadav, as shown 
in his biographies, was indebted. Gurney 
was one of the minor prophets of science, 
one who, like the contemporaries by whom 
Dollond was inspired, saw visions and 
dreamed dreams, but could not reduce 
them to practice. For example, im- 
mediately he saw the magnetic needle 
influenced by the galvanic battery, lie 
declared that the process would be made 
the means of intelligible communication, 
and in hisi, lectures he clearly foreshadowed 
the birth of the electric telegraph. 

His first serious contribution to practical 
science resulted from his researches into 
the conduct of certain refractory substances 
under the influence of high temperatures. 
With his own oxy-hydrogen blowpipe lie 
showed that a cylinder of lime could he 
brought to a state of dazzling brilliancy. 
That illumination has become famous as 
the “ Drummond light.” As a fact, it was 
Gurney’s, and the man whose name it 
bears was merely the First to use it. Drum- 
mond, who was the author of the memor- 
able saying, “ Property has its duties as 
well as its rights,” applied the equitable 
principle to the Drummond light, h ,r 
which he was thanked and praised ; he at 
once declared that he could claim no credit 
for the invention, as it was entirely the 
work of Gurney. But the light is still 


GROUP 4— -TRANSFORMERS OF KNOWLEDGE INTO POWER 


known by its first name, and Gurney’s 
.share jin it was recognised only by his 
receipt of the gold medal of the Society of 
Arts for the creation of the blowpipe upon 
which it depends. Today the burglar goes 
a-burgling with the Gurney blowpipe, but 
the honest toil of the engineer, facilitated 
by this indispensable invention, may be 
counted as a set-off. 

Gurney’s interest in the question of 
illumination never waned, and, although 
as the father of incandescent lighting he 
was destined not to see his idea carried 
nearly to perfection, he had the gratifica- 
tion of lighting, as well as ventilating, the 
two Houses of Parliament. He devised an 
ingenious system of hash signals for light- 
houses, which within the last year or so 
seems to have found favour afresh to the 
extent of a new development by the 
Admiralty. He next won gas from oils 
and fats, and if he had been living today 
he would doubtless have suggested the 
lighting of the islands of Oceania from their 
abundant coconuts, which in these days 
have become a staple oil-supply. 

But Gurney's name, if it lives, as it 
deserves to live, will do so in connection 
with steam locomotion. It was his mis- 
lortune to be born half a century too soon. 
He was the first man to bring steam- 
coaches into public use. in 1827 he pro- 
duced a steam-coach which carried twenty- 
one passengers. The steam was generated 
in a water-tube boiler fitted with steam 
drums or separators, for the purpose of 
supplying a sufficiency of dry steam for 
the cylinders. In this, or his second coach, 
was embodied his famous high-pressure 
steam-jet, which today we call 4 the steam- 
blast. George Stephenson is credited with 
the invention of the steam-blast, but his 
was quite a different thing. Gurney’s was 
applied to marine-engines, to furnaces — 
greatly stimulating industry — to the blow- 
ing out of congested sewers, and to the 
extinction of fires in collieries. In Gurney’s 
hands the steam-jet was a contrivance of 
inexhaustible utility, as the hydraulic press 
was to Joseph Bramah. It helped to fan 
the blast of furnaces, but it also choked the 
fires which had raged for years in collieries. 

One subterranean furnace that he 
attacked had been known for over thirty 
years as Clackmannan waste. Illicit dis- 
tillers, carrying on their unlawful process 
in an old coal-shaft, had set alight the 
remains of an almost exhausted * seam of 
eoal, whence 'the fire, after putting the 
rogues to rout, spread far and near in the 


modern workings, until a seam of over 
thirty acres was involved. Thousands upon 
thousands of pounds were spent by the 
owner in the vain effort to check the fire. 
Then, after a generation, Gurney came to 
the rescue, built a steam-boiler over the 
raging furnace, and, with -the infallible 
steam-blast, poured in under pressure si\ch 
enormous volumes of choke-damp that the 
lire was at last extinguished, and the mine 
rendered workable once more. 

The same type of steam-blast was em- 
bodied in the early steam-carriages of 
Gurney’s make, lie derived from its use 
an abundant supply of steam, but he did 
not trust his boiler over-much at first. For* 
in a table which he issued, one of the items 
to be noted was a series of iron legs, or 
propellers which, “ as the carriage ascends 
a bill, are set in motion and move like the 
hind legs of a horse, catching the ground 
and thus forcing the machine forward, 
increasing the rapidity -of 'its motion and 
assisting, the steam-power.” As a fact, 
there was more in it than that. Gurney 
really believed that, at starting, the wheels 
would spin round and not bite ; and the 
" propellers ” were designed to give the 
coach a start as well as a lift uphill. 
But he had built better than he knew, 
and the iron legs did not appear after 
the first coach. 

Before the " Rocket ” was put on the rails, 
Gurney made a historic journey, from 
London to Bath and back, at fifteen miles 
an hour, over the public highway. It was 
the first triumph of steam upon the road, 
the first journey of note accomplished. 
He* made many other trips, and aroused the 
hatred of the rustic groundlings, who sh&red 
the “ no-macliinery ” mania. In the course 
of one journey (he inventor was assailed 
when passing through Melksham, where 
there happened to be a fair. The carriage 
was held up by the pack, its occupants were 
stoned and beaten, and Gurney was carried 
to Bath unconscious. But lie did not yield. 
The famous series of steam-coaches which 
Sir George Dance ran between Gloucester 
and Cheltenham were of Gurney’s make. 
Four hundred journeys were accomplished 
by the service at a profit to the promoters. 
The iniquitous road-taxes of the period, 
referred to in other parts of this work, at 
last killed Gurney’s coaches, as they killed 
others, and, after 1840, he devoted his 
attention to less disappointing concerns. 
His cheerful, fruitful, and valuable career 
closed at Reeds, near Bude, on February 28, 
1875. He had been knighted in 1863. 
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JOHN GUTENBERG 
The Pioneer of Printing by Movable Type 

John Gutenburg, commonly regarded as 
the inventor of printing by movable types, 
was bom at Mainz at the close of the 
fifteenth century. Printing clearly records 
every story but its own*. Gutenburg's. life 
is enveloped in the mists of dubious tradition 
and demonstrate lies. One biographical 
expert overthrwvs another, as document 
after document upon which their pre- 
decessors have relied is proved to be a more 
or less clever forgery. Various cities have 
contended for the right to claim the cradle of 
printing ; hence the cloud of false witnesses. 
It is difficult to sort out the few grains of 
wheat from the bushel of chaff in wKich 
I hey are concealed. As legend and forgery 
ire more and more refined away, Guten- 
berg’s hold upon his title is made by some 
to appear less and less secure ; and the day 
will come when we shall be asked to believe 
that not Gutenberg, but another of the same 
name, was the inventor of printing. There 
exists a considerable literature on the subject 
which the ardent student must seek for 
himself. At the close of his uneasy reading 
lie will be driven for his human facts back 
upon the old sources upon which, with all 
reserve, the present notice is based. 

The art of printing from movable types 
had long been practised in China, but 
was unknown to Europe until the time of 
Cutenberg. Printing itself was well estab- 
lished, but that printing covered merely 
pictures carved upon wooden blocks, on 
which a line of explanatory matter would be 
cut at the bottom as part of the whole. 
Beyond that, the imagination of Europe 
had not reached, unless the much-disputed 
>tory as to Lourens Janszoon Coster be 
accepted. Coster is declared by his Dutch 
compatriots to have invented movable 
types, and, in 1445, to have printed a book 
with them. Tt is alleged, moreover, that 
one of his workmen stole some of the types 
and carried them from Haarlem to Guten- 
berg at Mainz. Like so many other of the 
perplexing legends, this story did not make 
its appearance until quite a century 
after the supposed event. 

I Gutenburg is supposed to have descended 
from a noble family, though one authority 
declares him to have been the illegitimate 
S() n of a monk. The father's name was 
certainly Geinsflesch, and the great printer 
is said to have taken his mother's name to 
carry on the style of a house of which she 
the last member. But her name was 
wyrich, and Gutenberg was her birthplace. 


Be that as it may, owing to political riots, 
Gutenberg, with his parents, or with his 
mother alone, had to flee his native city of 
Mainz when he was ten years of age. He 
grew up in Strasburg, and can be traced 
there in 1434, engaged as a mechanic. One 
of the familiar biographic items now 
assailed is the story of his discovering a new 
method of polishing stones and making 
improved mirrors, and of entering into 
partnership with the man who financed him. 
That he would need financing is certain. 
He always did. Whenever he appears with 
certainty, it is in connection with some loan, 
or lawsuit arising out of one, loans for him- 
self or in respect of which he is the surety. 

A certain Peter Schoeffcr, a skilled worker 
in metal, was associated with him in his 
first attempts at type-founding, but John 
Fust was his partner. It is thought' that 
Schoeffcr may have originated the scheme 
for the types, for the plan was entirely novel. 
There had been some attempt at cutting 
types of wood, but the disadvantages of this 
are obvious. Printing did not reach its 
cradle until the first mould was formed into 
which molten lead could. enter, and emerge 
in the shape of a letter, usable again and 
again as a type. The partnership with 
Fust, who found the money and shared the 
risk, but not, apparently, the labour, is fixed 
at 1450, and the famous Latin Bible was 
printed and published in 1456. Fust and 
Gutenberg quarrelled and went to law, with 
the result that the first-named gained the 
verdict and the press, and used it, with the 
help of Schoeffcr, till the sack of Mainz, in 
1462. Not until 1463 did Gutenberg get 
another press established, when he was 
assisted to that end by Dr. Konrad Hurneryi 
Gutenberg, however, died a poor man, five 
years later, in February, 1468. 

They did not think of putting printers' 
names to the first books that were issued 
from the press, so there is not a book or part 
of a book in existence today bearing the 
name of Gutenberg. No one knew how 
famous he was to become, so no man sought 
immortality by painting his portrait. His 
supposed likenesses on medals with which 
we are familiar were all issued long after his 
death, and are purely imaginary portraits 
for which any man with normal features 
might have sat. But without imprint to 
book, or authentic portrait, Gutenberg 
stands to us, in spite of the claims of rivals, 
and in spite of the most searching analysis 
of the critics, as one of the towering bene- 
factors of humanity. We might have had 
the printing-press without him ; it must 
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I'Twin the statue l>y TliorwvUlyin 
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inevitably have come sooner or later. But 
the evidence extant suggests that we should 
not have had it for long after but for him. 
He was the animating genius of the 
scheme. Schoeffer was not the only man 
skilled in metal work ; there were, and 
had been, hundreds greater than he. 
but there had not been, nor did there 
then exist, any but Gutenberg capable of 
utilising the skill of the workman to thb 
mighty end. 

The knowledge of printing spread likr 
lightning from Gutenberg’s little press over 
Germany and Italy, and t hence across other 
enlightened lands of Europe. Englishmen 
were too busy cutting each other’s throats 
in the Wars of the Roses immediately to 
concern themselves with the new know 
ledge ; and it was twenty-two years after 
the appearance of the Latin Bible before 
the art was adopted here. The hour brought 
Caxton, who was the first man to give m 
a book printed in England. Fifty year" 
before, English had not begun to lx*, tauglii 
in the land. French and Latin were the 
polite tongues of Merrie England. But 
Caxton and his followers gave form and 
fixity to the common language, and English 
printing was holding its centenary when 
Shakespeare was keeping his thirteenth 
birthday. 

When we realise^ that had Shakespeare 
lived before Gutenberg all his works might 
have perished with him, we must agree with 
Lamartine that Gutenberg did indeed give 
the world a soul. Victor Hugo has traced 
with a sure hand the progress of the world 
from the invention of Gutenberg’s art. 
“ One sower heralds the other. Gutenberg 
in the fifteenth century emerges from the 
awful obscurity, bringing out of the darkness 
that ransomed captive the human mind. 
Gutenberg is for ever the auxiliary of litc ; 
he is the permanent fellow-workman in the 
great work of civilisation. Nothing is done 
without him. He has marked the tran- 
sition from the man-slave to the freeman. 
Try and deprive civilisation of him, yon 
become Egypt. The decrease of the liberty <>l 
the Press is enough to diminish the stature ul 
a people. ... A Gutenberg, discover- 
ing the method for the sowing of civilisation 
and the means for the ubiquity of thought, 
will be followed by a Christopher Columbia 
discovering a new field. A Christophs 
Columbus discovering a world will he 
followed by a Luther discovering a liberty. 
After Luther, innovator in the dogma, will 
come Shakespeare, innovator in art. Line 
genius completes the other." 


GROUP 4-TRANSFuiuvitKa ur 


MNUWLhUUh IN 1 0 POWER 


JOHN HADLEY 

A Provider of Knowledge for Navigation 

John Hadley was born in London on 
April i6, 1682, the son of a man of means. 
He early distinguished himself as a mathe- 
matician, and at ft ve-and- thirty was elected 
:i Fellow of the Royal Society. Ilis claim 
10 fame rests upon his perfection of the 
reflecting telescope and of the reflecting 
quadrant, still called by his name. Little 
more than a century earlier Galileo had 
tried in vain to induce his protagonists to 
look heavenward through the telescope of 
his fashioning. The phenomena he de- 
scribed could not exist, they said, because 
they differed from the teachings of Aristotle. 
When driven at last to admit the accuracy 
<>l his views, they calmly turned round and 
asserted that it must have been from some 
passage in Aristotle that Galileo had 
borrowed his idea ! Hadley lived in a more 
propitious age, an age in which telescopes 
and their revelations were 110 longer 
" meete only for princes," as old Kecorde, 
in his “ Pathway to Knowledge,” dedicated 
to Kdward YL of England, had declared. 
'Hie prince for whom alone such knowledge 
was intended had at the time attained the 
lipe age of fourteen ! Seeing how long 
mankind had to wait for the telescope, and 
that both Newton and Gregory left it very 
imperfect, while Newton actually barred 
the way to the refracting telescope', it is 
interesting to remember what they thought 
about telescopes in the day of Recorde. 

lie is discussing the report, even then 
surviving, as to Roger Bacon having 
possessed a telescope. “ Great talke,” he 
writes, in 1551, in the work cited, “ there is 
o! a glass that he made in Oxfordc, in whic h 
men might see thinges that weare doen in 
other places, and that was judged to be* 
doen by evill spirit es. But I knnwc the 
leason io bee goocle and naturall, and to be 
wroughtc by gcometerie (sitli perspective is 
a parte of it), and to stand as well with 
reason, as to see your face in a common 
ijlasse. But this conclusion, and other 
divers of like sort, are more meete for 
princes, for sundry causes, than for other 
mien, and ought: not to be taught c 
uumnonly.” Hadley did not consult the 
N'lll of princes, but worked quietly at liis 
telescope until in January, 1721, he was 
•1 hie. to produce to the Royal Society the 
f-i^t reflecting telescope really worthy the 
name. The Hadley telescope was an 
immense advance upon anything of the 
kind ever previously seen, and led to a 
sn-at acceleration of work by astronomers. 


Encouraged by his initial triumph, Hadley 
produced a still better instrument. 

In these days of huge reflecting telescope? 
created by the commendable pride of 
American millionaire's, the Hadley telescope 
with its six-inch reflector and live feet of 
focal length must seem a trivial glass, hut, in 
comparison with those it followed, it was as 
the locomotive " Rocked ” compared with 
the old' horsed trams in which coal was 
hauled with difficulty and pain. 

Hadley’s next invention was the reflecting 
quadrant. T his, in its way and day, was 
as important to navigation as Kelvin’s 
improved compass. There can be no doubt 
that Newton communicated the idea to 
Halley, and the latter claimed priority 
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for Newton, but Hadley’s invention was 
absolutely independent. The* idea was in 
more than one mind. It was in Newton’s, 
in Halley’s, and in that of an ingenious 
Philadelphian named Godfrev. The latter, 
as well as Halley, contested Hadley’s claim 
to priorit y of invention. Tlu* Royal Society, 
in considering the claims, decided that with 
regard to Newton, as the actual inventor 
or designer, there was not even probable 
evidence. Both Hadley’s and Godfrey’s 
inventions were original, they held, but 
Hadley's second form of quadrant was not 
only far superior to his first form, but to 
the final form of Godfrey’s. It has de- 
veloped into the sextant now in general 
use. Hadley died on February 14, 1774. 
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ELIZABETH FRY— THE SWEETENER OF 
PRISON LIFE 

WILLIAM LLOYD GARRISON— THE MAN 
WHO MADE THE LAND OF FREEDOM 
FREE 

HENRY GEORGE— THE PROPOSER OF THE 
SINGLE-TAX SYSTEM 

HUGO GROTIUS— WHO APPLIED REASON 
TO FOREIGN AFFAIRS 

JOHANN FRIEDRICH HERBART — WHO 
BROUGHT MIND INTO EDUCATION 

SIR ISAAC HOLDEN— AN IMPROVER OF 
WOOL-COMBING MACHINERY 

ELIZABETH FRY 
The Sweetener of Prison Life 

E lizabeth Fry was born at Earlham, Nor- 
v folk, on May 21, 1780, the third daughter 
of John Gurney, a wealthy Quaker banker 
of Norwich. She early interested herself in 
the condition of the poor in Norwich, and 
her experience of the lot of the unfortunate 
people incarcerated in the gaol there led 
to her concerning herself- — after her marriage 
to Joseph Fry, a London merchant — in 
the still more unhappy condition of the 
prisoners in Newgate. 

England had not yet emerged from 
barbarism. Capital punishment was still 
inflicted for petty larceny, and other 
offences as trifling. Samuel Rogers records 
that he saw “ a whole cartful of young 
girls, in dresses of various colours, on their 
way to be executed at Tyburn.” They 
had all been condemned on one indictment, 
lie says, for having been concerned in — 
‘‘ that is, perhaps, for having been spec- 
tators of, the burning of some houses during 
Lord George Gordon’s riots.” Greville saw 
many boys sentenced to death, “ to their 
own excessive amazement,” on a similar 
count. “ Never,” said Greville, with great 
tiai'vetc — “ never did I see boys cry so.” 
Capital punishment and transportation for 
men, women, and children alike were the 
stock regenerative agencies of the period. 

The victims were herded together in 
prison like cattle in pens, without dis- 
crimination as to age, guilt, or innocence, 
the hardened sinner with the guileless 
child, the convicted felon with those not 
vet tried. Mrs. Fry found nearly three 
hundred women with their children penned 
U P in two wards and two cells, without 
nightclothes or bedclothes, sleeping on the 
pare floor, cooking, washing, and sleeping 
ln the same apartment. She pictured the 
scene to a Parliamentary Committee of 
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GEORGE JACOB HOLYOAKE— AN INSPIRER 
OF THE CO-OPERATIVE MOVEMENT 
EBENEZER HOWARD— INITIATOR OF THE 
GARDEN CITY MOVEMENT 
JOHN HOWARD— THE APOSTLE OF PRISON 
REFORM 

SAMUEL' GRIDLEY HOWE— AN EDUCATOR 
THROUGH THE SENSE OF TOUCH 
JOSEPH LANCASTER— THE SCHOOL WITH 
RELIGION, BUT WITHOUT CREEDS 
FERDINAND LASSALLE— ORIGINATOR OF 
GERMAN SOCIAL DEMOCRACY 
SIR JOHN BENNET LAWES— A REVOLU 
TIONISER OF AGRICULTURE 

the House of Commons. “ The begging, 
swearing, gaming, lighting, singing, danc- 
ing, dressing up in men’s clothes, were too 
bad to be described, so that we did not 
think it suitable to admit young persons 
with us.” Single-handed she set herself 
to reform the whole system. 

Beginning by clothing the destitute and 
relieving their pressing necessities, she 
taught and educated them, formed an 
association for their benefit, secured the 
separation of sexes, established a school 
and manufactory for them, provided for 
the comfort of those transported, and 
arranged for their reception and kindly 
treatment in their distant home. The 
prisoners submitted to her charm, sym- 
pathy, and goodness as if spell-bound. 
Morality, cleanliness, industry, and refor- 
mation were achieved by the work of this 
one woman. She extended her operations 
beyond the prison walls ; she anticipated 
the Prisoners’ Aid Society; she was half 
a century ahead of the Salvation Army 
in providing food, raiment, and shelter 
for the destitute ; and she was equally as 
far before the Charity Organisation Society 
in exposing mendacity and fraud. She 
carried her campaign into the gaols of the 
large provincial cities, and then attacked 
the Continental system. 

She made tours in Europe, inspected all 
the chief prisons, drew up and presented 
reports and suggestions to the various 
Governments and heads of States, and 
lived to see her suggestions adopted. 
Foreign rulers treated her as a friend and 
welcome adviser ; men famous in science 
and politics and statecraft were proud to 
share her friendship. Yet while she was 
cleansing the prisons and indirectly helping 
to sweep away many barbarities of the 
criminal law of the land, she had a large 
family of her own upon which to lavish 
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her unflagging sympathy and affection. 
The bankruptcy of her husband brought 
her to sudden poverty, but, though her 
purse was exhausted, she continued her 
ministrations to the end. As minister and 
nurse and instructress her influence re- 
mained unabated. 

Sydney Smith has left us a memorable 
picture of her and her work. “ There is 
a spectacle which this town now exhibits 
that 1 will call the most solemn, the most 
Christian, the most affecting which any 
human being ever witnessed. To see that 
holy woman in the midst of the wretched 
prisoners, to see them all calling earnestly 
upon God, soothed by her voice, animated 
by her look, clinging to the hem of her 
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garment, and worshipping her as the only 
being who has ever loved them, or taught 
them, or noticed them, or spoken to them 
of God ! This is the sight which breaks 
down the pageant of life.” Elsewhere he 
says that the beautiful spectacle he wit- 
nessed ih the prison cell with the felons' 
saviour made him weep like a child. • 
Before she died, Mrs. Fry had the satis 
faction of knowing that practically all the 
reforms she had suggested had been, oi 
were being, carried out at home and abroad. 
The real poverty of the last seventeen 
years of her life made no change in her 
programme of work, except that she could 
no longer help materially as had been her 
wont. Eiizabeth Fry was an even greater 
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prison reformer than John Howard. That 
the efforts of two such unwearying friends 
of the unfortunate should be required ovci 
a period of seventy years is evidence of 
the magnitude of the evils they fought. 
She died at Ramsgate on October 12, 1845. 

WILLIAM LLOYD GARRISON 
The Printer who Made the Land of Freedom Free 

William Lloyd Garrison was born at 
Newburyport, Massachusetts, on December 
10, 1805. His father, a drunkard, deserted 
his wife and family when the child was 
three years old, and was never traced. 
Garrison’s mother, to support her children, 
became a nurse. William, after unhappy 
experiences of shoemaking and carpenter- 
ing, was apprenticed to the printer of the 
“ Newburyport Herald,” and, after a short 
spell as a compositor, began to write 
for the “ Herald ” and other journals. 
When only nineteen he was appointed 
editor of the local paper, but at twenty-one 
took over, as editor and publisher, another 
journal, which he called the “ Newburyport 
Free Press.” Among the first contributions 
received was one from a woman who de- 
nounced the. guilt of American slavery. 
That was the first occasion on which the 
subject had had consideration from Garri- 
son, and within a few weeks he was writing. 
“ There is one theme that should be dwelt 
upon until our whole country is free from 
the curse- -it is Slavery.” The seed wa> 
germinating. 

It was at this time, too, that he received 
the rough little manuscript of some verses 
entitled “ The Exile's Departure.” The 
verses were signed merely “ W.” but 
Garrison was able to trace the writer through 
the postboy, and, riding over to East 
Haverhill to thank his shv contributor, and 
ask for more, he found an awkward, nervous, 
uneducated youth of nineteen, hoeing 
turnips in a corner of his father’s little field. 
The poet was John Greenleaf Whittier, 
and Garrison was his first editor, as lie was 
his first friend and adviser. The two re- 
mained friends for life. It was Garrison wh<> 
pleaded with the Whittiers to educate 
their uncultured genius of a son, only to be 
answered, “ Poetry won't buy him bread. 
At Garrison's suggestion, the poet redouble* l 
his efforts at bootmaking to earn fees for the 
college course that he needed, and it may 
be admitted, therefore, that Garrison gav 
Whittier to literature. 

Garrison’s minor newspaper ventures mav 
be passed over until we find him writing lur 
and assisting to edit, in Baltimore, a papei 
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which ardently advocated the immediate 
abolition of slavery. His opinions on the 
subject had not altered from the first hour 
in which he read an obscure writer's for- 
gotten poem, and his life was concentrated 
to the work. It was a perilous path that he 
had chosen, for to denounce slavery in a 
slave-owning State was a heinous offence in 
the eyes of the proprietors of the negroes. 
The enemy soon found a way past his 
defence, and succeeded in getting him 
charged with libel and imprisoned until 
friends paid his penalty. 

Following a series of lectures on the 
subject, he established his famous 
“ Liberator/' and in spite of threats of 
violence and assassination, in spite of 
attempts by the Georgia Legislature at 
suppression, and in spite of mob violence 
from which he narrowly escaped with his 
life, he valiantly kept his paper going, 
telling and retelling the story of the equal 
birth and rights of all men of whatsoever 
colour they may be. 

Garrison visited England, where he was 
warmly welcomed by Wilber force and his 
associates, and established the American 
Anti-Slavery Society. During many years 
1 h* was in constant danger from slave- 
owners and their friends, but he was 
absolutely fearless. At a great Fourth of 
July demonstration, with many angry and 
turbulent slave-owners present, he read the 
Declaration of Independence, and con- 
trasted it with the principles of the infamous 
Fugitive Slave Law. Then he burned both, 
following this by similarly treating a copy 
nf the Constitution of the United States. 
“And let all the people sav Amen!” he 
cried. There was* a roar of “ Aniens,” but 
mingled with them were the cries of those 
who would gladly have taken his life. 

His writings and speeches had a profound 
effect upon the public opinion of the United 
States, but the sacrifice to which he pointed 
was too heavy for many quite well-mean- 
ing people willingly to contemplate. “ Mr. 
Garrison, you arc too excited — you are on 
fire ! ” said one of these. “ I have need to 
l>e on fire, for I have icebergs round me to 
melt ! ” was the retort. The Civil War 
was the last thing he desired or expected ; 
he hoped to the last that moral suasion and 
the appeal of humanity would prevail. 
{Lit then, as now, cotton was king in the 
Southern States, and that king's disciples 
would not let their victims go until driven, 
at the cannon's mouth, to.the renunciation. 

Garrison lived to see peace re-established 
and his labours crowned with triumph. His 


admirers recognised the value of his labours 
by a public subscription representing £6000. 
Hut his richest reward was the knowledge 
that, thanks in an enormous degree to his 
own efforts, there remained not a single 
bondman in the American Republic, which 
became at last, in fact as in name, free. 
Garrison died in New York on May 24. 1879. 

HENRY GEORGE 

The Proposer of the Single-Tax System 

Henry George, the American social 
economist, was born at Philadelphia on 
September 2 , 18 50, and at an early age 
started bis education by a roving ex- 
perience of lift*. He went to sea as a lad, 
and presently found himself on the West 
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Coast, of America, where he settled in 
California, and took to printing as a trade. 
Gradually he worked his way from the 
compositor’s, case to the editorial chair, 
thought out his economic philosophy by the 
way, and condensed it into a single book. 
When this book, for which he is known 
throughout the world, was published he 
was in his fortieth year. It was wholly a 
product of the West, and was issued in 
California, in 1879, before it was offered to 
the Eastern States or to Europe. The 
title, “ Progress and Poverty,” outlines the 
aim of the book in which the life of this 
vigorous thinker is crystallised. 
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When “ Progress and Poverty ” ap- 
peared in New York, in 1880, and in Europe 
the next year, it took the world by storm. 
Literally everybody who made pretensions 
to a knowledge of political and economic 
principles read it. During the next seven or 
eight years Henry George was often in this 
country forwarding his propaganda, which 
had a deep effect, and by undercurrents is 
largely influencing thought to-day. During 
the 'nineties he spent his time chiefly in 
New York, where he attempted, through 
administrative action, to gain a foothold 
for his social theories. Twice he stood as 
a candidate for the mayoralty of New York, 
where he had started a newspaper of his 
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own; and it was during the second of these 
contests that, on October 29, 1897, lie died 
suddenly of heart failure. 

He had written several other books, 
developing various phases of his economic 
theory, but none of them attained the 
popularity or, indeed, possessed the spon- 
taneous force of the work which has made 
“ betterment ” and “ the taxation of land 
values 99 an active policy accepted even in 
some Conservative circles. 

George's attention had been arrested 
by the strange fact that with the increase of 
general wealth .goes, under modern condi- 
tions, an increase of poverty below a cer- 
tain line. He contended that, in the cities, 
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there is more and worse poverty in propor- 
tion to the advance of invention and 
production ; and he asked why this is. 
His answer was that the rise in the value of 
land caused by men aggregating together 
lays a tax upon industry, and that, through 
enhanced values, rent absorbs an unfair 
share of the profits of human enterprise. 
Rent, labour, interest, each takes its toll. 
His remedy was to- tax out rent, and leave 
the division of profits between labour and 
capital. He contended that as the enhanced 
value of land is caused by the aggregation of 
population in limited areas, that value 
should be used to defray the cost of the 
public wants of the people who have called 
it into existence. Indeed, he would haw 
all public expenses met out of one tax, and 
that a tax on land. This, he argued, would 
stimulate industry by freeing it from ham- 
pering charges, and would equally distribute 
the burden of taxation. 

The idea was widely entertained at first 
that Henry George's proposals were a form 
of Socialism, but as he developed hi* 
theories it became clear that they amounted 
rather to a new method of taxation. He 
believed in free competition when the ground 
had been cleared from what he regarded 
as unjust private appropriations. “ Progress 
and Poverty ” will remain a book that must 
be read by all who study social economies. 
It cut right across many accepted economic 
theories, and claimed attention not less hv 
its lucidity of style and aptness of illustra- 
tion than by its originality of thought and 
earnestness of purpose. The thoughts of 
Henry George, in fact, have been creeping 
into legislation and administration in a 
realised form almost ever since they were 
given to the world. 

HUGO GROTIUS 

Who Applied Reason to Foreign Affairs 

Hugo Grotius, or Huig van Groot, to give 
him his Dutch name, was born at Delft on 
April 10, 1583. As the man who laid the 
foundations of International Law he has 
had a great and beneficent influence on the 
world, which will be recognised more and 
more as the history of a true civilisation 
comes to be written. 

Men of distinction often seem to group 
themselves in boyhood into two opposite 
categories — those who were accounted dull 
and those who were unmistakable prodigies. 
Grotius was one of the prodigies. He went 
to the University of Leyden at the age of 
eleven, and entered public life at the age of 
fifteen, when he accompanied the embassage 
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of Olden Barncvcldt to the Court of 
Henry IV. of France. Oil his return to 
Holland he set up as a lawyer at the age of 
sixteen, and when he was twenty-four was 
provincial fiscal-general. 

Grotius was not only one of the finest 
scholars of his time, but one of the most 
attractive men,, as is proved by his con- 
tinuous success. As a lad he had been a 
great favourite at the French Court. His 
own countrymen accepted him readily at 
his true worth. The only prejudice that 
could bar the way of such a man was the 
religion of those contentious times, and 
religion came near to being his undoing. 
Holland was divided in Protestant theology 
between Arminianism and Calvinism. As 
might be expected, Grotius was on the more 
liberal-minded side, as also was his friend 
Barneveldt. But the patriotic services of 
Barneveldt, and the genius of Grotius, 
availed nothing against the bitter narrow- 
ness of the Calvinistic experts in theology. 
The two friends were seized by their Chris- 
tian opponents, and Barneveldt was put to 
death, while Grotius was imprisoned for life 
in the castle of Lovenstein. 

In prison Grotius was allowed to con- 
tinue his studies, and their remarkable range 
and amount opened a way for his escape. 
Heavy boxes of books were taken in and 
out of the castle for his use, and finally he 
was packed by his devoted wife into a 
return box, and so escaped to Franco. There 
the French King, Louis XIII., gave him a 
temporary pension. Later he was invited 
to Sweden, and became the Swedish Am- 
bassador to France — a post which he held 
for eleven years. Returning from Sweden 
to his native country in 1645, he died 
(August 29) at Kastock. He had long been, 
in a quiet way, a great international figure. 

In 1625 Grotius published his “ De Jure 
Belli ct Pads,” a book he had been writing 
for many years, and it has since been taken 
as the foundation of International Law in 
war and peace. Before his day there was 
complete confusion as regards war-making, 
and conscience had no legal ground on which 
t<> rest its claims when wars broke out 
without any show of reason, and were con- 
ducted without any semblance of humanity. 
Since the publication of this great work — 
which was welcomed generally by the 
Kuropean Powers — a great body of Inter- 
national Law has been amassed, and in- 
creasingly the belligerents are made amen- 
able to the public opinion of the world at 
1:1 r ge, which in times of peace they have 
accepted in the form of international agree- 


ments as to what arc legitimate causes of 
war, and how hostilities should be con- 
ducted. When the world is sickened of 
brutal, useless, senseless wars, and attains 
to the reasoning state of rational manhood, 
it will look back and see that the seeds of 
its newly gained common sense were sown 
by the Dutch jurist, Grotius. 

Apart from his work for posterity as a 
jurist, Grotius distinguished himself in his 
own age. An acceptable ambassador, a 
graceful poet, a profound scholar, one of the 
best of the Renaissance Latin stylists, a 
liberal-minded theologian in times ol 
fanatical controversy, he shines forth from 
his troublous generation a man worthy in 
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every way of the distinctive place he holds 
in the vanguard of modern civilisation. 

JOHANN FRIEDRICH HERBART 
Who Brought Psychology into Education 

Johann Friedrich Herbart, who in his day 
was regarded only as the philosophic pro- 
fessor who succeeded Kant, and now is 
accepted as the father of psychology as 
applied to education, was born at Olden- 
burg, May 4, 1776. lie was educated under 
Fichte, at that amazingly prolific educa- 
tional centre, Jena. Later, after a period as 
private tutor, Herbart became Professor of 
Philosophy at Gottingen (1805), Konigs- 
berg (1809), and again at Gottingen (1833) 
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where he died, August 14, 1844. It was at 
Konigsberg that he succeeded Kant, and 
there he established his practising school, 
and conducted his experiments. 

Herbart’s reputation in the most modern 
world of education, among those who talk 
the curious language of psychology, is great. 
It is also quite recent. When the Rev. R. H. 
Quick wrote the first really “ live ” English 
book on education- Educational Re- 
formers,” a book worth a barrow-load of dry 
treatises he only mentioned Herbart in a 
footnote. No book on education is now 
complete without a chapter, if not a whole 
section, on this student of the psychology 
of the child-mind. 

Herbart took up educational work, and 
especially educational theory, at the point 
where Pestalozzi left off. Pestalozzi relied 
on the training of the senses through 
observation, but he did not show how the 
mind gathers up and uses its stores gleaned 
by observation. But Herbart, in the queer 
language of the schools for training teachers 
in simplicity, “ showed how the product of 
sense-perception could be converted into 
ideas, through the apperceptive process, and 
how knowledge in turn could thus be made to 
bear a moral character through the processes 
of instruction.” Herbart made the moral 
presentation of the universe the chief aim of 
education, whereas Pestalozzi had largely 
been satisfied with studies from the physical 
world. It was Herbart who put education 
on a scientific basis, whereas, before him, 
Rousseau’s educational schemes had been 
more or less flimsy fancies, and Pestalozzi 
had used rule-of-thumb methods. 

Professor Paul Monroe, of Columbia Uni- 
versity, summarising Herbart’s position, 
says he regarded the soul as a unity, not 
endowed with intuitive or inborn faculties, 
but a blank at birth, possessing, however, 
the power of entering into relation with its 
environment through the nervous system. 
Through this sense-perception the whole 
mental life is developed. Contact with 
Nature and contact with society are the 
two main sources of the “ presentations ” 
which come to the child. The chief charac- 
teristic of the mind is its power of assimila- 
tion, and this assimilative function Herbart 
terms “ apperception.” He regards educa- 
tion, which determines largely what pre- 
sentations the mind receives, and also the 
manner in which they are combined into 
higher mental processes, as the chief force 
in shaping the mind and character. Assimi- 
lation, or apperception, is thus the pivot- 
point of his psychological system. Assimi- 
4690 


lated ideas lead to action, action determines 
character, the will grows by this process, and 
the outcome of education becomes essen- 
tially ethical. Herbart’s first work was 
entitled “ The /Esthetic Presentation of the 
Universe the Chief Aim of Education.” The 
shaping of the will and determination of 
conduct is the aim of educative instruction, 
which follows upon the presentation of the 
outside worlds of Nature and society to the 
mind. It is the business of the instructor to 
engage a many-sided interest. This he can 
do by a choice of the right materials for 
making “ presentations ” to the mind, and 
by arranging them harmoniously with the 
psychological development of the child. To 
this end Herbart prepared, and his followers 
have extended, a scheme of studies, in 
careful co-ordination. 

Herbart himself maintained that the 
Homeric poems furnish the best material 
for the education of boys. His theories 
can be found in his two mature books, 
the " Science of Education ” and “ Outlines 
of Educational Doctrine.” He has been 
supported by an active, not to say aggressive, 
band of followers, constantly growing in 
number as education becomes more highly 
developed on its academic side. 

Unquestionably, Herbart’s influence on 
education has been extremely valuable in 
concentrating attention on the mind of 
the child the instrument through which 
alone the educator can work —but there is 
some danger that acquaintance with the 
profuse terminology of scientific education 
may mislead inexperienced teachers into 
fancying too soon that they have mastered 
what can only be really understood when 
it is put carefully into practice. 

SIR ISAAC HOLDEN 

An Improver of Wool-Combing Machinery 

In the story of the improvement of the 
machinery that enables the people of the 
temperate zone to clothe themselves with 
woollen goods, three Bradford names stand 
out conspicuously- the names of Lister, 
Donisthorpe, and Holden. The last of these 
has claims to notice apart from the West 
Riding trade ; he was one of two simul- 
taneous inventors of the lucifer match. 

Isaac Holden was born at Hurlet, in 
Renfrewshire, on May 7, 1807, of Cumber- 
land parentage, his father having moved to 
Scotland after farming and lead-mining 
in the English Lake country. The family 
was poor, and when he was ten years old 
Isaac was a “ drawing-boy ” for tw» 
Scottish hand- weavers. Then he was put- 
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t<> learn the shawl business at Paisley. 
Hut his health gave way, and so he studied 
to become a teacher. His first engagement, 
as a teacher of mathematics, took him to 
Leeds. Later he passed to a grammar school 
in the neighbourhood of Huddersfield, and 
tin ally spent eighteen months in a school 
at Reading. Here it was that he invented 
the lucifer match as an aid to economy in 
the time he devoted to study. 

He now had thoughts of joining the 
ministry, but his health again broke down, 
and he returned to Scotland. As an easier 
form of work, he accepted the position of 
bookkeeper in the firm of Townsend 
brothers, at Cullingworth, near Bingley, 
and thus came into contact with the 
industrial processes which he was eventually 
to improve so greatly. 

Watching the work of the mills from 
an outside standpoint, Holden saw clearly 
>ome of the needs for improvement, and de- 
termined to become an inventor. In 1846 
his work had grown to be so valuable that 
he was able to join with Lister, who had 
bought up Hermann's chief Alsatian patent, 
and the two started business abroad as 
well as in Yorkshire. Holden now thought 
of the “ square motion " machine, and 
Lister took out the patent in conjunction 
with him. The details of the succession of 
patents that were registered as improve- 
ments by the three men mentioned, sepa- 
rately, in various combinations with each 
oilier, and which cost Holden alone £50,000 
in experiments, are too technical for enu- 
meration here, but they carried the earlier 
processes in the manufacture of woollen 
fjouds to the perfection which gave Bradford 
the command of the trade of the world. 

Holden was made a baronet in 1893. 
He represented various Yorkshire divisions 
in Parliament between 1865 and 1895. 
His death occurred at Oak worth, near 
Keighley, August 13, 1897. His great 
wealth was generously expended during 
His lifetime on public objects. 

GEORGE JACOB HOLYOAKE 

An Inspirer of the Co-Operative Movement 

George Jacob Holyoake, a prolific writer 
on the co-operative movement, and founder 
of an ethical system which he named 
“ Secularism/' was born in Birmingham 
on April 13, 1817. Secularism is described 
as “a system which bai.es duty on con- 
siderations purely human, relies on material 
in<ans of improvement, and justifies its 
beliefs to the conscience irrespective of 
atheism, theism, or revelation/' 


In his “ Bygones Worth Remembering/' 
written at the age of eighty-eight, Holyoake 
traces, with underlying pathos not un- 
touched with humour, the causes which led 
him to break away from the Calvinist ic 
teachings of his boyhood. He came under 
the influence of Robert Owen, the well- 
known social reformer, and discovered that 
morals are affected by environment and 
heredity; Gradually rejecting the whole 
body of current theology, it was rapidly 
brought home to him that the law held no 
parley with heterodoxy. When lecturing at 
Cheltenham, in 1841, on “ Home Colonies/* 
an irrelevant question from an unfriendly 
listener drew a spontaneous reply that 
exposed Holyoake to the charge of blas- 
phemy. He made a spirited defence, but 
his speech was unavailing, and he was 
sentenced to six months’ imprisonment. 

In January, 184b, he established the 
" Reasoner,” which lie edited in his own 
name. Holyoake was a prolific writer on 
co-operation, and his first article in his 
paper had reference to that question. His 
“ History of Co-Operation in England ” 
and the' “ History of the Rochdale 
Pioneers " are now regarded as classical 
works on the subject. The latter book 
has been translated into several European 
languages. Holyoake defines co-operation 
as “ the equitable division of profits with 
worker, capitalist, and consumer concerned 
in the undertaking." He points out the 
fallacy of considering co operation as a 
means of abolishing competition, and quotes 
Owen’s view that it is the “ corrector of 
the excesses of competition in social life/' 

In his " History of the Leeds Industrial 
Co-Operation Society," Holyoake deals with 
the economic advantages to consumers 
which arise out of adopting what is known 
as the Rochdale system. Members buy at 
market price, and the final surplus of 
profits is distributed amongst them in 
proportion to the amount of their custom. 
“ Under the policy of cheapness," says 
Holyoake, “ the store enters into compe- 
tition with the tradesman, and is a con- 
tinual irritation to him ; whereas stores 
which keep to the average price benefit the 
shopkeeper, who can obtain better prices 
for his commodities, since no customer can 
say he ‘ can get things cheaper at the 
co-operative store.' " 

One of the great objects which Holyoake 
and other prominent leaders of the co- 
operative movement had set their hearts 
upon realising was the establishing of work- 
shops on the labour co-partnership principle. 
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Participation in profit by labour was, 
according to Holyoake, the noblest aspira- 
tion of the pioneers. The attempt, however, 
at co-operative production resulted at first 
in many failures. Rival theories raised 
conflicts betceen partisans, and the pro- 
ducers, who had naturally hoped to find a 
limitless market in the wholesale con- 
sumers’ stores, were unexpectedly con- 
fronted with opposition, and thwarted in 
their efforts to advance. Co-operative pro- 
duction is without doubt successful at the 
present time, but some of the early pioneers 
felt estranged by the lukewarm, or actually 
hostile, attitude of the stores. Oue of the 
rules of the Rochdale Pioneers provided 
that a fixed percentage of profits should be 
allotted to education. Not forgetful of this 
injunction, it is still recommended that 2| 
per cent, of profits should form a fund for 
that purpose. This important service did 
much to attach social reformers like Holy- 
oake to the co-operative movement. 

Amongst many other works, Holyoake 
wrote a valuable and entertaining book on 
“ Public Speaking and Debate," in which 
his definitions are remarkably clear and 
free from pedantry. It is full of wisdom 
garnered from many platforms, and Holy- 
oake’s own characteristics come out. in his 
kindly and generous conception of the laws 
which should govern controversial contests. 
He has a strong, simple, and graphic 
literary style. Terse and racy, he is also 
sympathetic and sincere. 

Holyoake was actively associated with 
various public movements. He was acting 
secretary to the British Legion that went 
out to aid Garibaldi. The passing of the 
Bill for legalising secular affirmations was 
largely due to his efforts. He was the last 
person to be indicted for publishing an 
unstamped newspaper ; the penalties on 
the 30,000 copies issued would have 
amounted to £600,000, and he laughingly 
tells the story in “ Bygones ” how Mr. 
Gladstone, then Chancellor of the Exchequer, 
would be asked to receive the sum in weekly 
instalments. The repeal of the Act saved 
him from all further trouble. 

A man of tranquil temper, of unflinching 
courage, singularly just to his opponents, 
and loyal to his friends and his principles, 
Holyoake could count among his friends 
some of the most eminent men and women 
of his day — Harriet Martineau, George 
Eliot, Garibaldi, Mazzini, Gladstone, and 
Herbert Spencer, to name only a few. John 
Stuart Mill and Professor Fawcett spoke 
for him on co-operation when he invited 
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them. His services to Canadian and United 
States settlers won him the praise of Mr. 
Gladstone and the Canadian Government. 
His friends subscribed to present him with 
an annuity in 1876, and he was entertained 
at a public banquet on his eightieth birth- 
day. Perhaps above all he valued the 
many signs of the deeply felt honour paid 
him by the working men for whom lie 
spent Hie best both of his labour and time. 
He died on January 15, 1906. 

EBENEZER HOWARD 
Initiator of the Garden City Movement 

Ebenezcr Howard, the creator of the 
first Garden City, and a father of the scheme 
of Town Planning, was born in London 
on January 29, 1850, and educated at small 
schools at Sudbury, Cheshunt, and Ipswich. 
He began his career in a stockbrokers’ 
and merchants’ office. For a short time he 
was private secretary to Dr. Parker, oi 
the City Temple. When twenty-two years 
of age, he went out to Nebraska, and 
“ roughed it ” on a farm, passing thence t<» 
Chicago, where he was a shorthand writer 
in the Courts. At twenty-six he was back 
in London again, member of the staff of a 
well-known firm of shorthand writers. 
In their employ he reported the debates ol 
Parliament, and the proceedings of Laboui 
and other Commissions on social subjects. 
He is still a professional shorthand writei. 
and his livelihood depends in a measure 
upon the speed at which he can drive* 
a pencil in recording the words of other 
men. But on his own account his name h 
honourably known throughout civilisation. 
When a dinner in his honour was given in 
March, 1912, telegrams of congratulation 
reached him from all parts of the world. 
Even unhappy Poland joined the chorus 
of felicitation, in a message dated from tin 
first of Polish Garden City societies. 

This modest shorthand reporter of other 
men’s speeches has delivered to the world 
a greater message than any he has recorded 
from the lips of others, a message tin 1 
response to which is found in the far-famed 
Letch worth Garden City, in our Garden 
Suburbs, and in the Garden Villages whicli 
are yet to be. Should that message remain 
yet uninterpreted to any, its meaning will 
be found upon pages 1850-52 of the present 
work. How it came to be delivered is an 
interesting story. It will be seen from 
this brief chronicle of his career that all 
the steps in Mr. Howard’s life special lv 
fitted him for some aspect of the work that 
he was to undertake. There was the 
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business experience of the office ; there was 
the inspiration derived from close associa- 
tion with Dr. Parker ; there was the contact 
with the actualities of life in its most 
primitive aspects out in Nebraska ; there 
was the close insight into the griefs and 
) ur dens of social life as expounded by its 
victims and its would-be reformers before 
the commissions and conferences he helped 
to report. These varying chapters combined 
to constitute a harmonious whole; and 
when Mr. Howard had added a special study 
of the chief sociological works extant, 
there remained but the formulation of his 
twn scheme. As he has said, he has taken 
,1 leaf out of the book of each type of 
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reformer, and bound them together by a 
thread of practicability. For concrete pre- 
cedents there existed the admirable models 
of Bourneville and Port Sunlight. 

Mr. Howard embodied his views on the 
best means of fighting overcrowding in our 
c ities and the depopulation of our villages 
in a book which will probably become 
historic. He called it “ To-Morrow : a 
Peaceful Path to Real Reform.” That was 
in 1898. He altered it later to “ Garden 
Cities of To-Morrow,” and the first of these 
is the Letchworth Garden City of today, 
hetchworth is but the beginning of a world- 
" ide movement initiated by one man, 
*nd that man without influence, wealth. 


or prestige. Taken in conjunction with 
Mr. Norman AngcU’s campaign against 
the barbarous illusions of war, this success 
gives reformers reason to hope. 

The difference between Mr. Howard and 
other reformers who have sought something 
like the same ends is that, when lie has 
dreamed his dream, he sallies forth with spade 
in hand to build the dwelling of his visions. 
Others built upon paper ; he has built 
upon nearly 4000 acres of actual land. 
They expressed themselves in pleasant 
aspirations ; he expresses himself in spacious 
houses, to which sweet air and sunlight have 
access, and in green pleasaunces and the 
amenities of home and garden. Single- 
handed he fought for his idea, by pen and 
word of mouth. His book was the seed ; 
lie. cultivated the ground upon which it 
fell. His meetings numbered hundreds. His 
clear business propositions converted, the 
sceptics, his enthusiasm heartened those 
who needed no conversion. 

Out of his scheme many others have 
been evolved, the noblest of which is the 
Town Planning Act. The Garden Suburbs, 
the Garden Villages, and the Housing 
Co-Partnership scheme are all the offspring 
of his plan. He and they who are at work 
upon these kindred reforms, both in Great 
Britain and in wider spheres, may very 
well adopt for their motto that phrase in 
which one of his disciples, Mrs. Barnett, 
blessed the founding of tin? Hampstead 
Garden Suburb, “ making a bit of God's 
earth beautiful for generations to come.” 

JOHN HOWARD 
The Apostle of Prison Reform 

John Howard, an ideal philanthropist, 
and the apostle of prison reform, was horn 
011 September 2, 172O. Authorities are 
divided as to whether Enfield or Hackney 
was the place of his birth. Most of his 
education was obtained under a private 
tutor. The death of* his father left him, at 
sixteen, in possession of a handsome for- 
tune. He travelled on the Continent, 
acquired some knowledge of French, and on 
his return to England settled down in 
lodgings at Stoke Newington, and married 
the landlady who had carefully nursed him 
through a severe illness. Left a widower 
in 1755, he embarked for Lisbon, which was 
then suffering from the destructive effects 
of the great earthquake. His vessel was, 
however, captured by a French privateer, 
and he endured the cruel treatment then 
meted out to prisoners of war. He speedily 
regained his freedom married a second 
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time, and for many years lived on one or 
other of his country estates, exercising his 
kindly disposition in ameliorating the con- 
dition of the poor. This peaceful life was 
brought to an end by the loss of his second 
wife, in the year 1765. 

In 1773 Howard accepted the office 
of High Sheriff of Bedford, and from that 
time gave free play to the passionate love 
of humanity that burned steadily within 
him, and which moved even the sluggish 
minds of his generation to consider the 
evils of prison life. Murmurings against the 
grim travesties of justice had already 
been heard, and a Committee of the House 
of Commons had made some inquiries into 
the state of the gaols as early as 1729. 
But John Howard determined to devote 
his fortune and remaining years to investi- 
gating and exposing the unspeakable abuses 
of prison discipline and accommodation 
that everywhere prevailed. 

His first great tour through the English 
counties was an epoch-making mission. 
What he saw is almost too shocking to 
dwell upon. The prisons were generally 
overcrowded, filthy, ill-vent dated dens, in 
which felons and debtors, men and women, 
tried and untried, were herded promiscu- 
ously together ; where scenes of drunken- 
ness, squalor, gambling, and ghastly im- 
morality were unescapable commonplaces. 
Even women lay there in irons ; and all 
were subject to the grossest and most 
rigorous extortions by the gaolors, who, it 
should be said, were unsalaried, and sub- 
sisted on the fees paid them by the prisoners. 

In March, 1774, John Howard was cited 
to appear before the House of Commons, 
and, after the reception of his report, was 
thanked by the Speaker for the humanity 
and zeal that had prompted him to visit 
the several gaols of the kingdom. The first 
fruits of his self-devotion appeared in an 
Act which provided for the liberation of 
all prisoners against whom the grand juries 
had failed to find a true bill, and made the 
wages of gaolers a charge upon the county 
rates. An Act quickly succeeded this 
prescribing regulations as to sanitation, 
cleanliness, medical advice, clothing for 
naked prisoners, and, as far as possible, 
the abolition of underground dungeons. 

To enhance the value of his recent in- 
quiries, Howard made, in 1775, the first of 
a series of European tours, having the 
express object of collecting and publishing 
first-hand information about the prisons 
of thq Continent. Tactfully and persistently 
he gained admission to most of the notorious 
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raols in France, Belgium, and Germany. 
Into the Bastille he was not allowed tc 
enter. He embodied his observations in a 
volume which appeared in 1777 on “ The 
State of Prisons in England and Wales, 
with an Account of some Foreign Prisons.” 
It was packed with statistics, and contained 
thoughtful proposals for improving the 
structure and management of English gaols. 
These disclosures aroused the public con- 
science, and a Bill was drafted by Sir 
Wm. Blackstone and Mr. Eden (afterwards 
Lord Auckland), which laid down the 
striking principle that the reform of a 
criminal's character and habits should be 
the guiding motive in determining the 
methods of his treatment. Instruction on 
morals and religion, practice in some form 
of industry, and a separate cell for every 
prisoner during the intervals of work were 
amongst the far-reaching provisions of this 
new charter for offenders against the law. 
The Penitentiary Act of 1778 followed, and 
though opposition sprang up against the 
“ solitary ” system, it was in the end 
adopted everywhere. Though the solitary 
system has largely been superseded, it was 
a great advance on the promiscuous 
common gaol. 

The last few years of Howard’s life were 
largely devoted to studying the plague in 
the hospitals and lazarettos of the Mediter- 
ranean seaports. “ Should it please God,” 
he said in his last book, “ to cut off my life 
in the prosecution of this design, let not 
my conduct be uneandidly imputed to 
rashness or enthusiasm, but to a serious, 
deliberate conviction that I am pursuing 
the path of duty.” His anticipation wa* 
verified. While ministering to a young 
lady who was suffering from camp fever, 
he was himself attacked by the disease, 
and died on January 20, 1790. “ Give me 

no monument,” Howard had said, ” but 
lay me quietly in the earth ; place a sun-dial 
over my grave, and let me be forgotten.” 
But his wish was disregarded, and thousands 
of reverent admirers stood round the spot 
where they laid him to rest in the village 
of Dophinovka, four miles away from 
Kherson, in the South of Russia. 

Of delicate health and small stature, 
Howard was a singularly brave man. lli* 
unquenchable energy, aided by practical 
sagacity, carried him through risks that 
would have caused stronger men to pause. 
Burke, in a glowing eulogy of the great 
philanthropist, describes his journeying as 
“ a voyage of discovery, a circumnavigation 
of charity.” And Bent ham finely says of 
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him, “ In the scale of moral desert the 
labours of the legislator and the writer are 
as far below his as earth is below heaven. 
His kingdom was of a better world ; he 
died a martyr after living an apostle.” 

SAMUEL GRIDLEY HOWE 

An Educator Through the Sense of Touch 

Samuel Gridley Howe, an eminent 
pioneer in the education of the blind, and 
of blind deaf-mutes, was born in Boston, 
U.S.A., on November io, 1801. He gradu- 
ated at Brown University in 1821, and at 
the Harvard Medical School in 1824. 
Sympathising with the Greeks in their 
struggle for independence (1824 7), he 
joined their army as a surgeon, and under- 
took to organise the medical staff. Aided 
by American supplies ‘of clothing, food, 


and other necessaries, he formed a colony 
near Corinth, but through attacks of 
swamp-fever was compelled to leave the 
country in 1830. His love of humanity 
led him to Paris and Edinburgh that he 
might study the best methods for educating 
the blind. In Scotland, Mr. James (hill, 
the Scotch printer and publisher, who had 
improved the blind alphabet by making 
the types more susceptible to the touch, 
gave Howe all the information at his 
disposal, and on his return to Boston he 
established a printing-press in the Mas- 
sachusetts Asylum for the Blind. Here he 
published the Acts of the Apostles in 1834, 
and the whole of the New Testament in 
1836. Mr. Gall used the common Roman 
alphabet in his types, but changed the 
curves of the letters into angular forms. 
Dr. Howe adopted a similar design, but 


with types of much smaller size ; and with 
these he persevered in printing the whole 
Bible, finishing the Work in 1842. Volumes 
of every variety followed, and for a con- 
siderable period Dr. Howe supplied books 
for all the institutions in the United States. 

In the year that Howe published his 
Bible for the blind, Charles Dickens made 
a visit to the Perkins Institute. In his 
” American Notes ” the novelist records, 
the extraordinary story of the blind deaf- 
mute Laura Bridgman, whom he saw 
there after she had been under the care and 
instruction of Dr. Howe for just over four 
years. The gradual conquest of seemingly 
insuperable difficulties, the unflagging 
patience and ingenuity of the teacher, and 
the amazing responsiveness and quick 
intelligence of the pupil, combined to de- 


monstrate the value of strictly scientific 
teaching, reinforced by the exercise ot 
gentle encouragement and praise. To 
approach the imprisoned mind of a child 
whose only sense was touch, to set it freely 
in contact with the myriad interests of the 
outer world, was the work which Howe 
resolved to accomplish. He was the first 
man to succeed. Science had made great 
strides in the education of deaf-mutes, but 
as yet nobody had attempted to reach the 
mind through the avenue of a single sense. 
It is upon this fact that Howe’s fame will 
for ever stand secure. 

From Dickens’s “ Notes ” it appears that 
Howe’s celebrated pupil was pitifully frail 
as a child, and subject to severe fits. When 
two years old, a fever so prostrated her that 
another two years passed before she re- 
covered her normal health. In the interval 
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she had entirely lost sight, hearing, and ^he 
sense of smell, while her taste was also 
impaired. She soon began to explore the 
house, and to familiarise herself with every 
object within reach of her restless fingers. 
She could even sew and knit a little. In 
1837, when she was nearly eight, Dr. Howe 
was permitted to take her to his institution. 
She had " a large and beautifully shaped 
head/' and when Dickens saw her her face 
“ was radiant with intelligence and plea- 
sure/' The first step was the learning of 
arbitrary signs. Articles such as spoons 
and keys were given her, and labels em- 
bossed with their names were pasted upon 
them. Then detached labels bearing the 
same embossed words were handed her, 
and she could soon link together separate 
names with their corresponding objects. 
Afterwards the labels were broken into 
individual letters and reconstructed. Pre- 
sently her intellect awoke to the relation- 
ship existing between the name and the 
object. Names would act as messengers 
from her own to another's mind. On per- 
ceiving this truth, her soul shone in her face. 

Dr. Howe now procured metal types with 
letters cast on their ends, and Laura was 
taught to arrange and read them. ^ Her 
vocabulary grew apace. She was^then 
instructed in the manual alphabet used by 
deaf-mutes, and shown that knowledge 
gained through her fingers could be con- 
veyed to the metal types. So the work went 
on. In course of time her studies embraced 
geography, algebra, and history, as well as 
needlework and household duties. Her 
handwriting was square and legible, and she 
was kept busy in answering letters from all 
parts of the world. She was devout, un- 
ceasingly industrious, and happy. Her life 
closed in 1889, several years after the death 
of her famous teacher. 

Howe and his wife were zealous aboli- 
tionists and co-editors of the " Common- 
wealth. ' ’ Mrs. Howe is better known as Julia 
Ward Howe, who wrote the stirring “ Battle 
Hymn of the Republic," which, set to the 
music of “ John Brown’s body lies a- 
mouldering in the grave,” was most popular 
during the American War of 1861-5, and 
remains one of the world’s truly elevated 
war-songs. Another philanthropic service of 
Howe was to establish a school for the 
training of idiots ; but it is as the benefactor 
of the blind that he will be most honoured 
in remembrance. He died January 9, 1876. 

JOSEPH LANCASTER 
The School with Religion but Without Creeds 

Joseph Lancaster, one of the earliest 
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pioneers of popular education, and co- 
founder with Dr. Andrew Bell of the 
"monitorial" system, was born, November 
25, 1778, in Kent Street, Southwark. His 
father was a Chelsea pensioner. The youth 
was passionately fond of reading, and 
possessed a precocious gift for preaching. 
At sixteen he was an usher in a day-school, 
and two years later he determined to begin 
teaching on his own account. About this 
time he attached himself to the Society of 
Friends, and members of that body became 
afterwards his most generous, loyal, and 
patient supporters. 

It is necessary^ to remember, in order 
rightly to understand the romantic char- 
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acter and instant effect of Lancaster's work, 
that at the close of the eighteenth century 
the poor were steeped in ignorance, and the 
condition of the children was especially 
deplorable. The merest rudiments ol 
learning were denied them, or were with 
difficulty obtainable. Charity schools for 
girls, and private adventure schools of a 
wretched type, existed. In 1781 Robert 
Raikes inaugurated the Sunday-school 
movement, and with it came the first 
glimmerings of a better dawn. Benevolent 
thinkers were now beginning to discus- 
education as a possible remedy for a multi- 
tude of unbearable social evils. 

Joseph Lancaster appeared at the psycho 
logical moment. A born teacher he opened 
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his first school under the hospitable roof of 
an affectionate father. A great inrush of 
scholars ensued ; and after repeatedly mov- 
ing into larger premises he at last built a 
school in Belvedere Place, Borough Road, 
Southwark. Here he could receive a thou- 
sand children. Without capital, and quite 
unable to afford adult assistance, he divided 
his pupils into small groups ; intelligent 
hoys, whom he called monitors, were placed 
over each group, and a chief monitor was 
appointed to act as superintendent. 'This 
was the groundwork of his system. 

* Lancaster was a man of magnetic person- 
ality, and he exercised unbounded sway 
over the minds of his young teachers, who 
imitated his methods with surprising 
celerity. All coercion was forbidden. 
Quaint forms of punishment were devised, 
and rewards were lavishly distributed. 
Disorder is generally the outcome of idle- 
ness ; and his school motto, “ Let every 
child at every moment have something to 
do, and a motive for doing it,” gave point 
to his method of securing discipline. Time 
was economised by the plan of simultaneous 
reading and spelling. Slates were introduced 
instead of copy-books, and the youngest 
children were taught to write in sand, using 
bits of sticks or their fingers to mark out 
the letters and words. The system as a 
whole was ill adapted for stimulating the 
thinking faculties, being largely mechanical, 
and with few pretensions to a scientific 
basis, but it was of incalculable benefit in 
exciting public opinion and paving the way 
to a scheme of education on national and 
State-aided lines. Lancaster had written a 
tract, in 1803, on “ Improvements in 
Education as it Respects the Industrious 
( lasses of the Community,” in which he 
declared that the education of the poor 
ought to be a national concern, and pleaded 
for Christian but unsectarian teaching, 
“ without violating the sanctuary of private 
religious opinion in any mind.” 

In the following year Lancaster was com- 
manded to attend upon the old King, 
(ioorge III., at Weymouth. The record of 
the interview is interesting. After the 
enthusiast had described his educational 
methods, his Majesty said, " Lancaster, I 
highly approve of your system, and it is my 
wish that every poor child in my dominions 
should be taught to read the Bible.” And 
when the king expressed his intention of 
subscribing a hundred pounds yearly to- 
wards the realisation of his desire, Lancaster 
naively observed, “ Please, thy Majesty, that 
will be setting thy nobles a good example.” 

Y 


Support had been assured to him for the 
free education of the poorer scholars, but 
the additional income which followed in 
the train of the Royal patronage was not 
enough to keep pace with Lancaster’s reck- 
less expenditure. He had instituted a school 
for training teachers in 1803, and had en- 
tered upon many extravagant enterprises. 
His natural vanity had led him to ostenta- 
tious display. At the same time, he was 
doing excellent work in spreading a know- 
ledge of his system, and in establishing 
schools that were conducted on its prin- 
ciples. The skill • acquired by his youthful 
teachers was such that he could leave the 
Royal Free School, in the Borough Road, and 
travel throughout England, lecturing and 
organising, and gathering bright lads from 
various provincial centres to be trained as 
future masters in the Lancastcrian Institute. 
In the meantime his debts accumulated, 
and in 1807 he owed nearly £6500. He was 
arrested for debt, but liberated through the 
intervention of two friendly Quakers. In 
1808 a committee of wealthy men, with 
undiminished faith in his system as a vital 
educational force, relieved him of his 
pecuniary embarrassments, became his 
trustees, and founded what has since been 
known throughout an honourable history 
as the British and Foreign School 
Society. 

But Lancaster's jealousy and bitterness 
at the loss of his hitherto unchecked 
authority tried the forbearance of his 
kindest friends. The final rupture occurred 
in 1814. lie was soon involved again in 
heavy private debts, and made a bankrupt. 
In 1818 he crossed the Atlantic, and the 
remainder of his life was spent in the States, 
South America, and Canada. His lectures 
and teaching renewed his fame for 
a while, but this gradually waned. He 
never revisited England. His death, on 
October 23, 1838. resulted from a street 
accident, 

Lancaster was the originator of providing 
free meals for necessitous school children. 
His monitorial or “ mutual ” system (for 
which lie was partly indebted to Dr. Bell) 
was the parent of the pupil teacher system ; 
and it was his principle of giving simple, 
undogmatic religious instruction that wa. 
recognised in Mr. Forster’s Education Act 
of 1870. By the famous Cowper-Temple 
Clause no religious catechism or distinctive 
denominational tenets could be taught in a 
School Board school. Lancaster, in short, 
was the founder of the school that is re- 
ligious though it is undenominational. 
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FERDINAND LASSALLE 
Originator of German Social Democracy 

The “ advanced " political section of the 
German people may be embraced in the 
term “ the Social Democratic Party/’ and 
the founder of the movement was a brilliant 
young Hebrew, Ferdinand Lassalle. He was 
born at Breslau on April n, 1825, tlu* son 
of a wealthy merchant. Educated at the 
Universities of Breslau and Berlin, Lassalle 
turned away from the business of his ances- 
tors and became absorbed in ancient culture, 
modern philosophy, and political economy. 
Everyone who came in contact with him — 
and he made the acquaintance of some of 
the leading literary men of liis day — rccog- 
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nised his ability, and expected that his 
temperamental ardour would carry him far. 
As a matter of fact, his lift' lacked concen- 
tration on a clearly defined aim ; and yet, 
incidentally, it had far-reaching effects. 

When he was only a youth of one-and- 
twenty he took up the. cause of a German 
lady whose relations with her husband were 
unhappy, and fought it through court after 
court for eight, years before a satisfactory 
issue was arrived at. This absorbed much 
of his time and energy, and postponed for a 
dozen years the publication of a book which 
has become the standard presentation of the 
philosophy of Heraclitus. 

Lassalle, a Republican in theory and a 
Socialist of the collectivist type, saw in the 
mild and acquiescent Liberalism of his 
country the chief barrier to the triumph of 
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his ideas. He therefore became a persistent 
opponent of the palliative attitude oi 
Liberalism. The time had come, he held, 
for the establishment of a democracy in 
which Labour should be the dominant force, 
and he tried to organise the industrial 
workers of Germany to this end. 

The first step, he saw, was the securing of 
the suffrage for all, thus giving the worker^ 
a controlling power over the State if the\ 
cared to use it. In furtherance of his ideas 
he organised what he called the Universal 
German Working Men’s Association, and 
secured a strong Labour following, particu- 
larly in the south. He also wrote a book, 
“ Capital and Labour,” designed to dis- 
credit the orthodox view of the relations 
between capital and labour as defined by 
the accepted economists of his day, and 
acquiesced in by his bourgeois Liberal 
opponents. He refused assent to the theory 
of wages, which, he contended, leaves the 
bulk of ordinary workers always on the 
verge of poverty, and divides the bulk of 
the profits among the capitalist class. Hn 
alternative scheme was a form of co-opera- 
tive labour by which the workers, with 
State credit to assist them, should be their 
own capitalists ; and for this purpose he 
preached control of the State by organised 
Labour, with a view to placing society on a 
scientific basis, and ensuring to all a suffi- 
ciency and the possibility of attaining a lilt' 
of culture and lofty social ideals. 

Lassalle was an idealist of a very exu- 
berant type, with a fire in his advocacy that 
won him many adherents, and made it 
necessary for German statesmen to modi I v 
greatly the social conditions of their country. 
A good deal of the existing State-Socialism 
of Germany — a real Socialism, though not 
called by that name has been indirect lv 
due to the influences which Lassalle created. 

The end of this somewhat desultory and 
wayward propagandist was sad and ignoble. 
He fell in love, was refused marriage became 
of the objections of the lady’s parents, and, 
when she accepted another suitor, demanded 
" satisfaction.” On August 31, 1864, he died 
from wounds received in the duel on which 
he had so recklessly insisted. 

SIR JOHN BENNET LAWES 

A Revolutioniser of Agriculture 

John Bennet Lawes, the experimenter in 
modern methods of agriculture, was born 
at Rothamstead, near St. Albans, on 
December 28, 1814. His father died when 
he was a child, leaving him the Rotha in- 
stead estate, which has become to all farm, r" 
and stock-breeders in the civilised world a 
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.•lace of famous achievement. As a boy, 
I .awes had a bent towards chemistry, and 
lie was much disappointed at the education 
lie received at Eton and Oxford. It was a 
hindrance rather than a help to him. No 
■ ciencc of any kind was taught, and he at 
last left Oxford in disgust without taking a 
< legrec. Returning home, he fitted up a room 
in his house as a chemical laboratory, and 
I hrew himself into the kind of work he loved. 

He began with researches on drugs, and 
planted some of his land with plants used 
tor making medicines. It was quite by 
i banco that his thoughts were turned to the 
i hemical problems of agriculture. A visitor 
happened to remark that the different soils 
needed different manures, and gave as an 
example the well-known fact that on some 
larms bones increase a turnip crop, while on 
others the same manure is not worth the 
trouble of digging into tin* ground. 

All Lawes’s studies in chemistry then 
flowered out into the idea that governed 
the rest of his long life. What had been 
hnl a hobby became transformed into an 
earnest scientific pursuit. Without knowing 
it. lie had been training himself for a work 
i»l highest practical importance to mankind. 
He began by trying the effect of bone 
manure on his own turnip-fields ; and he 
I lieu brought his ( hemical knowledge to 
bear on the matter, and by treating the 
hones with sulphuric arid produced the 
InM artificial manure that had ever been 
ii-cd. Tt was so successful that in 1843 lie 
•stablished a factory at Deptford for making 
phosphate manure from bones; and the 
ptnlits lie derived from t bis venture enabled 
him to extend the field of his experiments 
mi his kothamstcad (‘State. 

lie engaged as his chemical assistant Sir 
I H. Gilbert, set up a laboratory in a barn, 
xi<l began to revolutionise all the tradi- 
tional methods of cultivating hand and fecd- 
farm stock. Every important kind of 
i<>}> in our country was grown at the same 
mm’ under different conditions in separate 
‘iH-ls. Wheat, for instance, was sown on 
ll-draincd land and badly drained land ; 
lilicrent manures were employed in different 
'Hu ‘at fields, and the quantity of the 
Manures was varied. One field was left 
11'irely without manure, and, instead of a 
0 at ion of crops, wheat was grown on it 
»'--ir after year. A large number of new 
’li'-mical manures were devised by Lawes 
m, l Gilbert, and their effect was clearly 
ls * ertained by control experiments on 
ilar crops treated with farmyard refuse, 
111 1 also left entirely without any kind of 
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fertiliser. What has especially made the 
Rothamstead experiments extraordinarily 
illuminating to all farmers is the great length 
of time in which the conditions of the crops 
under varying treatment have been studied. 

It is now seventy years since the un- 
manured parts of the land have been sown 
with wheat and grass and left, to flourish 
or decay, lhe results are therefore ol un- 
paralleled value. No modern piece of 
agricultural research, however brilliant its 
outcome, can compare with the Rotliam- 
stead experiments. These are the most 
searching of all investigations into the pro- 
perties of the soil, and the effect upon them 
of fertilisers and different systems of culti- 
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vat ion. They extend without a break for 
about three-quarters of a century, and are 
the fruit of the labours of two generations 
of men combining high scientific attain- 
ments with a wide and practical knowledge 
of farming operations. Their value was, 
indeed, generally perceived in 1855, when a 
fund was raised by public, subscription to 
build Sir John and his fellow-worker a new 
laboratory in the place of the barn they 
were using in their chemical researches. In 
1889 he signed a trust deed by which he left 
£100,000 so that his experiments might 
be carried on after his death. He died on 
August 31, 1900, but his work is continued 
by the Lawes Agricultural Trust. 


GREAT IN THEORY AS IN INVENTION 
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JOHANN RUDOLPH GLAUBER 

\ Man who Made Practical Discoveries While 
Chasing Wild Ideas 

ohann Rudolph Glauber, one of the last 
of the great alchemists, was born at Carl- 
itadt, in Germany, in 1604. He was one of 
hose strangely credulous creatures whose 
ngenuity in chemical experiments was far 
norc valuable than the theories on which 
le worked. First among his discoveries is 
sulphate of soda, the well-known purge now 
generally called Glauber’s salts. It was by 
•Jinnee that he discovered this valuable 
hemical. He says that in early manhood 
le was cured of dyspepsia by a mineral 
-vater that he had drunk in Germany. 
When he afterwards took up chemistry he 
malysed this water, and found that it 
)wed its curative properties to a special 
salt, which he named “the admirable salt.” 

It then struck him there was a resemblance 
>etwocn this admirable salt and that which 
emained at the bottom of his retorts after 
he preparation of spirits of salt, and from 
his suggestion lie was able to work out his 
interesting discovery. 

Like all alchemists, Glauber attributed 
extraordinary virtues to the thing he found. 

He called what was merely an ordinary pur- 
jative "the universal salt of philosophers." 
Wording to him, it cured nearly all 
diseases, and changed iron into copper, 
-‘upper into silver, and silver into gold. By 
ising a dye, Glauber managed, in his old 
nge, to stain his white hair black. He at 
tace jumped to the conclusion that he had 
ighted on the elixir of perpetual youth, 
dauber thought that elements were changed 
rom one to the other by the influence of the 
’tars that penetrated to the depths of the 
tarth. In matters of practice, he fancied he 
: *ad only to apply a very strong acid to 
'Ome base metal in order to refine it into 
silver or gold. What convinced him that he 
kvas on the right path was the apparent fact 
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LORD KELVIN— A GIANT OF INTELLECT 
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ANTOINE LAURENT LAVOISIER -THE GOD- 
FATHER OF OXYGEN 

that lie succeeded in making real rubies in 
his furnace. But all that he really did was to 
give glass a deep red colour by melting gold 
in a saline flux. He was thus the inventor 
of artificial gems. 

But, wild as were his ideas, Glauber made 
some remarkable improvements in the 
instruments of chemical analysis, and 
brought about some important discoveries. 
He was probably the* first man to notice 
chlorine, but as he did not follow up his 
observation it was left to Sir Humphry 
Davy, hundreds of years afterwards, to 
make the full discovery. Nitric acid seems 
to have been another of his discoveries, as 
also was hydrochloric acid. He worked out 
the use of nitrates in agriculture, and he 
was likewise the inventor of small vapour- 
baths. As he grew old, Glauber became a 
misanthropic man. Flying from the world, 
which, far from having any attraction for 
him, had only caused him, he said, miseries 
and anguish, he lived in solitude, and 
occupied himself with philosophy and with 
writing the books in which he revealed his 
secret processes in chemistry. Glauber also 
took an interest in a branch of knowledge 
almost unknown in his time — political and 
social economy. In his " Treatise on the 
Prosperity of Germany ” there are interest- 
ing ideas in regard to industry and agricul- 
ture. Glauber died at Amsterdam in 1668. 

STEPHEN GRAY 
A Man of the Electrical Dawn 

Stephen Gray is one of the greatest and 
most obscure of English men of science. 
Although he lived in London in the early 
Georgian period, when the town was a kind 
of club in which all men doing remarkable 
work were known to each other, yet his 
life is almost completely hidden in darkness. 
All that is known about him is that towards 
the end of his life he was a poor Brother of 
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Charterhouse, who apparently spent most 
of his time in rubbing a glass tube and 
letting pieces of string dangle from the 
gallery of the magnificent Elizabethan 
chamber of Charterhouse, which is still one 
of the architectural glories of London. Save 
for the fact that he contributed papers on 
his experiments with glass tubes and string 
to the Royal Society, his name would not 
have survived. 

He seems to have been at the time an old 
man, soured by disappointment and dis- 
contented with himself and the world. 
Very likely the experimental study of 
science had always been one of the passions 
of his life. At any rate, when he failed in 
the world and crept back to hifc old school, 
like Colonel Newcome in Thackeray’s story, 
he was one of the most untiring and pro- 
digious of experimenters. Long after his 
death, Priestley learnt by tradition that the 
number of researches he had conducted was 
amazing — no man had liis heart more in 
his work than this poor Brother of the 
Charterhouse. 

He began some time before 1728 in 
extending the discoveries made by William 
Gilbert. He found that hair, silk, linen, 
wool, paper, leather, wood, parchment, and 
ox-gut could be made by friction to produce 
electricity. The next year he spent in 
trying to electrify metals by rubbing, heat- 
ing, and hammering them. In this he did 
not succeed. He found, however, that 
certain substances, which were then known 
as “ non-electrics/’ were really conductors 
of electricity, while the “ electrics ” owed 
their peculiar property to the fact that they 
were non-conductors, and did not allow 
the electricity generated in them by friction 
to escape. A glass tube, for instance, was a 
non-conductor ; a piece of hempen string 
was a conductor. In his great experiment 
he ascended a balcony, and fastened the 
string to his glass tube, and tied to the 
other end of the cord a little ball of ivory. 
He lowered the ball until it almost touched 
the ground, and placed close to it some bits 
of light paper. Then, standing on the 
balcony, he rubbed the glass tube with a 
piece of silk, and the electricity flowed from 
the glass down the string into the ball, and 
the pieces of paper were electrified and 
attracted to the ball. 

By this simple experiment Gray dis- 
covered the electric current. First of all 
men he set free and directed into channels 
for the service of mankind the mighty 
force of electricity. He then tried to carry 
what he called “ the electric virtue ” 
4702 


further, by tying a hundred or so yards of 
string to the beams of a ceiling by means 01 
packthread, so as to make a kind of electrh 
wire running at a fixed distance around tin 
hall. He tied his glass tube to one end oi 
the string, and rubbed it vigorously, expect 
ing to see the little ball at the other end 
become electrified. But nothing happened 
The packthread, as he found out, conducted 
the electric current away from the string 
and into the nails ih the beams. He already 
knew that silk was, like glass, a non 
conductor. So he ran 765 feet of string 
through silken loops, and by rubbing hi 
glass tube, and bringing it near the end 
of the string, produced an electric current 
that flowed to the ball, 765 feet away. 

He also showed that the electric current 
could be carried in circles as well as in lines, 
and be communicated from one circle t(, 
another. His experiments with electric 
sparks were not fully published, but they 
appear to have enabled him to anticipate, in 
theory at least, Franklin’s discovery, for 
in one of his papers he makes the statement : 
" Electric fire seems to be of the sanu 
nature with that of lightning.” It is really 
astonishing to look back at Gray’s paper- 
in the light of modern knowledge, and sec 
how many hints they contain of the larged 
importance. Using extremely simple mean'-, 
he managed by persistent experiments to 
hit on the principle of the electric battery ; 
and there can be but little doubt that had 
he lived a few years longer he would have 
anticipated the grand discovery of Volta. 

Nothing that Gray accomplished was tin* 
result of chance experiments. There w;t- 
fundamental brain-work behind all his 
researches. Taking some small and curiou- 
fact, he expanded it into a theory, and then 
used this theory as an instrument h»r 
suggesting new researches leading to the 
discovery of laws. For instance, he noticed 
that when a glass tube was rubbed in the 
dark it communicated electric fire to certain 
small objects. From this he concluded that 
electricity could be carried, by means of a 
conducting material, over a great distance ; 
and it was on this theory that he proceeded 
to the discovery of the electric current. 
His passion for scientific research lasted 
to the very end of his life. Even on In- 
death-bed his mind still worked on problems 
in electricity which he had failed to solve. I h‘ 
asked the secretary to the Royal Society 
to call upon him, and, fighting against his 
mortal agony, he mentioned some experi- 
ments he had been unable to undertake, 
and begged that the Fellows of the Roy d 
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Society would carry them out for him. He 
died on February 25, 1736. 

OTTO VON GUERICKE 
The Discoverer of the Air-Pump 

Otto von Guericke, the maker of the first 
pneumatic machine and the first electric 
machine, was born at Magdeburg, in 
Germany, on October 20, 1602. He studied 
law at various German universities, learnt 
mathematics in Holland,* and visited France 
and England. On returning to Magdeburg, 
Ik* was made senator and, later, burgo- 
master of his native town. His invention 
of the air-pump in 1650 was a shining event 
m the history of modern science. It 
enabled him to settle the vexed problem 
of the weight of the atmosphere, and show 
how completely wrong Aristotle had been 
in dogmatically deciding that air had no 


pumping the air out and weighing the 
exhausted globe. Some of the people of 
his town were inclined to regard him as a 
magician who had dealings with the powers 
of darknesss. What particularly aroused 
their suspicion was a weather prophet that 
always appeared in a recess in the wall of 
his house whenever there was likely to be 
a storm. The ingenious burgomaster had 
built a 'great barometer filled with water ; 
on tin 1 surface of the water tloated the 
figure of the automatic weather prophet. 
The top of the water-pipe was unclosed, 
so that the pressure of the atmosphere 
acted upon the water and drove it higher 
into the second part, and thus when a 
storm was approaching the floating figure 
rose into view. 

Still more wonderlul was the globe of 
sulphur that Guericke made by melting 
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■weight. With remarkable ingenuity Gue- 
ricke made a metal globe, divided into 
two hemispheres that fitted exactly into 
each other. By means of his air-pump he 
emptied this globe of air, and, in the presence 
of a large concourse of people, he invited 
anyone to pull it apart. Twenty-five horses 
were necessary to accomplish this feat, 
yet Guericke showed that, by turning a 
little tap at one end ot the globe and admit- 
ting the air, the two hemispheres could be 
easily separated by a man. In this striking 
manner he proved that the pressure of the 
atmosphere on a vacuum globe was such 
that twenty-five horses were required to 
overcome it. 

Guericke also used his air-pump to 
determine the actual weight of the gases of 
the atmosphere. He did this merely by 
Weighing a globe full of air, and then 


sulphur in a glass bowl and breaking the 
glass away. lie mounted the sulphur orb 
on an axis and whirled it round, rubbing it 
as it spun. The friction generated elec- 
tricity, and electric fire was obtained, to the 
astonishment of all beholders. Guericke’s 
chief discovery in electricity was that when 
a body was bathed in an electric atmo- 
sphere it became, charged with an electricity 
opposite to that of the atmosphere. That is 
to say, he found that when a piece of paper 
was attracted to his charged globe of 
sulphur it was afterwards repelled from 
the globe. Not until it lost its first charge 
of electricity by touching some other body 
could it be attracted by the sulphur globe. 

Simple as the burgomaster’s experiments 
now seem, they were the fruit of great 
labour and ingenuity, and they opened the 
two roads in chemistry and electricity which 
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led to these two modern sciences becoming 
instruments of tremendous power in the 
hands of later investigators. When Gue- 
ricke died, in t(>8(>, Boyle had used his 
air-pump to discover the law of gases, 
and Stephen Gray was working towards 
the discovery of the electric current. 

HERMANN VON HELMHOLTZ 
Explorer of the Eye and Ear 

Hermann Ludwig Ferdinand von Helm- 
holtz, one; of the greatest men of the nine- 
teenth century, and a supremely great 
physicist, was born on August ;i, 1821, at 
Potsdam. His lather was a schoolmaster, 
and his mother a descendant ot William 
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Penn, the lounder of Pennsylvania. His 
father wished him to study languages and 
literature and follow in his footsteps ; but 
while the boy was apparently studying 
Latin with his class-mates he was really 
experimenting under the table with the 
problems of a telescope. Some of his 
father’s spectacle-glasses and a small lens 
for use in botany teaching were employed 
by the lad in making an optical instrument. 
At seventeen Helmholtz wanted to devote 
his life to the study of physics, but as his 
father had only £150 a year on which to 
bring up a family of four children the lad had 
to be content with the career of a surgeon 
in the Prussian army ; for a free scientific 
education was given to youths of promise 
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at the University of Berlin, on conditioi 
that they became military surgeons. 

At twenty-one Helmholtz distinguishe< 
himsell by the discovery of nerve-cells ii 
the ganglia. This was the curious result <» 
a severe illness, lie had an attack o 
typhus fever, and while he was being treatec 
in the hospital his small weekly allowance 
for board was still paid to him. With tin 
money Helmholtz bought a microscope, an< 
with this he discovered the nerve-cells 
From 1842 to 1847 he lived at Berlin 
having been relieved from his militan 
duties by Humboldt, who quickly recog 
nised his genius. While lecturing m 
anatomy, he took up the study of anima 
heat, and began the investigation whicl 
enabled him to help in laying the founda 
(ions of the great doctrine of the conser 
\ ation of energy. He also worked out tin 
speed with which a nervous impulse travel.* 
along the sensory nerves of man. 

In 1851 he was lecturing on the glow o 
reflected light often seen in the eyes of cat.* 
and other animals, lie wanted to show hi.* 
class the nature of the glow, and with thi* 
aim lie* invented an instrument for exploring 
tlu* interior of the eye through the pupil 
This was the famous opthalinoscope, whicl 
has proved ot great importance, even in tlu 
study of certain brain and kidney disease* 
which can be clearly diagnosed lrom a view 
of the interior ol the eye. When a great 
eve-surgeon first saw the optic disc anc 
blood-vessels of the living human eye, his laa 
Hushed with excitement as he said : “ Helm- 
holtz has opened up a new world for 11s 
What is there left to discover ? ” By mean* 
of his instrument the young man of scienct 
was able not only to Hood with light tin 
obscure diseases and troubles of the eye, hut 
to make contributions of the utmost im- 
portance on the problem of vision. 

A year or two alter his discovery of tin 
interior of the living eye, he took up tlu 
study ol hearing, and laid the basis ol am.i 
science. By giving the first real account 
of the mechanism of the internal ear, In 
showed how the sensations of tone wen 
formed. He also investigated in a masterl v 
fashion the cause of the qualities of tin' 
human voice. His work on the eye and 
car is done so splendidly riiat it must 1“’ 
generations remain an enduring monument 
to his genius. 

His life was a calm and uneventful oik . 
he worked in long, fierce outbursts •»! 
research, and then usually went to Switzer- 
land for a rest. In 1849 he was Protest >1 
of Physiology in Kbnigsberg, and in 1833 
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In' occupied the same position at Bonn. 
Liter on lie went to Heidelberg, and in 1871 
hi- was called to the Chair of Physics in 
J Berlin. To this professorship was added, in 
1SS7, the post of president of the Physio- 
1. clinical Institute at C harlot tenberg, 
Luiulcd by one of his friends. He had 
now raised himself to the position of being 
the first physicist in Germany, and his fame 
extended throughout the civilised world. 
Hie latter part of liis life was devoted almost 
entirely to the investigation of physical 
problems of an abstruse nature. In spite of 
tlu* fact that he had never received a 
training in mathematics, he became one of 
the great mathematicians of the age. Early 
in life he played an important part in 
Landing the law of the conservation of 
energy, working with Joule and Lord Kelvin 
on the subject. In electricity he took up 
the study of electrical observations, and, by 
iidng the nerve from a frog’s leg as a re- 
cording instrument, he found that electro- 
magnetic induction was propagated at the 
velocity of 314,400 metres a second. 

When Clerk Maxwell developed Faraday’s 
ideas into the theory of electric waves 
propagated through the ether, Helmholtz 
M l his favourite pupil , Heinrich Hertz, the 
pioblcm of finding these mysterious waves. 
A- it well known, Hertz succeeded, and 
wireless telegraphy and telephony became 
possible. Hertz always said that the in- 
spiration came from Helmholtz. Returning 
lrom the Chicago Exhibition in 1893, Helm- 
holtz had an attack of giddiness on tlu- 
•*t earner, and fell down the cabin stairs. The 
m I uries to his head were severe, and the 
next year his brain gave way, and he had 
<’» stroke of apoplexy. Patiently and calmly 
lie looked forward to the? end, and it came on 
September 8, 1894. 

JEAN BAPTISTE VAN HELMONT 
Half Scientist, Half Charlatan 

Jean Baptiste van I Jelinont, alchemist and 
doctor, was born at Brussels in 1577. Be- 
longing to a noble family, he was fairly well 
"II when he had finished his studies in the 
•learning of his time. But after reading 
filler and other mystical writers he decided 
to renounce all his property and devote 
himself to medicine, so as to be able to help 
tin- very poor. He obtained his degree of 
( li>otor at Louvain in 1599, and the next ten 
y*'ars of his life were spent in travelling in 
Switzerland, Italy, France, and England. 
A" Italian quack he met on his travels 
spired him with a passion for alchemy, and 
iur the search after the philosopher’s stone. 


Van Helmont became entirely absorbed in 
these futile problems, and by marrying an 
heiress at Antwerp lie obtained the funds he 
needed in his wild experiments. He settled 
at Vilvorde, near to Brussels ; and when a 
boy was born to him he received the name 
of Mercury, lor the reason that Van Helmont 
believed he had succeeded in extracting gold 
from mercury on the day of his son’s birth. 
The secret of prolonging human lite was 
another problem which this alchemist pre- 
tended lie had solved. Nevertheless, he died 
himself at sixty-seven, leaving his son to 
continue his researches. 

\ an Helmont. it is said, also saw his own 
soul in the form oi a resplendent crystal, 
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and in recompense lor all his virtues a good 
spirit was attached to his person to help him 
in his work. By this means he was able to 
discover infallible remedies for all diseases ; 
and one of his disciples says that so sur- 
prising were his cures that the Inquisition 
was startled by them, and was inclined to 
accuse him of witchcraft and devil-worship. 
As a matter of fact, Van Helmont’s talent 
in medicine was very small ; the last part 
of his life was afllicted by the death of almost 
all the members of his family. The enthu- 
siasm he excited had its source in the ardent 
conviction with which he propagated his 
doctrines, rather than in the results ob- 
tained from the use of his remedies. Man- 
kind generally is easily convinced by persons 
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with fanatic convictions. There was cer- 
tainly a good deal of superstition in the 
confidence that Van Helmont inspired. 

But if as a doctor he was of little worth, 
as a chemist he was a man of genius. No 
doubt there is much superstition also in his 
chemical work, for, like the other al- 
chemists of his age, he mingled with his fine 
experimental researches and important dis- 
coveries many odd opinions and ridiculous 
fancies. But, in spite of all Van Helmont’s 
failings as a man of science, there is one 
of his achievements which alone suffices 
to make his name immortal. He has to his 
credit the strangely delayed discovery of gas. 

This discovery is one of the most memor- 
able in the history of modern science. What 
is still more remarkable is the fact that 
Helmont recognised the existence of car- 
bonic acid, the first gas lie found, not by its 
striking effects, but by the force of reason- 
ing* He had observed that when coal 
burnt away it left only an insignificant 
residue of cinders. From this he concluded 
that the rest of the coal had disappeared in 
a volatile form, which he called wild gas. 
“ This spirit that is contained in vessels, but 
that cannot be reduced to a visible body/* 
said Van Helmont, “ I called by a new name 
— gas.” To Van Helmont are also attri- 
buted the invention of the water thermo- 
meter, the discovery of sulphuric acid, and 
other well-known chemical substances. 

The philosophical doctrines of Van Hel- 
mont are a strange mixture of superstition 
and experimental science. Some of the 
ideas are very novel, and are animated by 
a lively feeling of rebellion against the 
authority of Aristotle and the schoolmen of 
the Middle Ages. He believed, however, 
that the ecstacy of the mystic gave a more 
direct vision of things as they were than did 
the experiments of the man of science. 

HEINRICH RUDOLF HERTZ 

The Revealer of Electric Waves 

Heinrich Rudolf Hertz, the discoverer of 
the electric waves, was born at Homburg on 
February 22, 1857. After his school days 
were over he thought of becoming an engi- 
neer, and at twenty went to Munich to 
study for his profession. He soon found, 
however, that his talent for engineering 
would never be remarkable. Instead of 
interesting himself in the practical details 
of his work, he was more concerned about 
the physical theories on which practical 
mechanics are based. In less than a year 
ne gave up all thought of becoming an 
engineer, as it was now clear to him that 
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physical science was something he coult 
work at with joy. 

He was resolved this time that he woul( 
make his mark, and make it quickly. H< 
devoted the winter of 1877 to reading uj 
great original treatises by the famou 
physicists of the past. At the same time hi 
attended courses on experimental physic: 
under experienced teachers. The result wa: 
that soon after his arrival at Berlin Univer 
sity, in October, 1878, he attracted tin 
attention of the leading experts, and w;t 
quickly allotted original research work. Om 
of the Faculties of the university offered ; 
prize for the best solution of a difficul 
problem in electricity. Hertz won the prize 
and became the favourite pupil of Helm 
holtz. In his next piece of research, under 
taken for his doctor’s degree, he so sur 
passed all competitors that an uncommoi 
distinction had to be made for him. Froti 
1880 to 1883 he was assistant to Helmholtz 
for whom he carried out some difficuli 
researches in physical science. It was alst 
in 1883 that he seriously began his study <> 
Clerk Maxwell’s electro-magnetic theory, ii 
which the existence of electric waves wa> 
assumed and their lengths calculated 
Various attempts were being made to dis 
cover the actual existence of wireless elec- 
tricity. The waves themselves had beer 
studied in connection with currents sent 
along a wire, but nobody could substantiate 
Clerk Maxwell’s ideas of free electric wave* 
rippling through the mysterious ether. 

Hertz made his famous discovery between 
1885 and 1889, when he was Professor ut 
Physics at the Carlsruhe Polytechnic. Clerk 
Maxwell had shown that, if a conductor is 
electrically charged or discharged with 
sufficient suddenness, it must emit electrical 
waves into the ether, because the charge 
given to it will not settle down instantly, 
but will surge to and fro for some time. 
These surgings produce waves in the ether. 

If a wire is handy they will run along it, 
and may be discerned a long way off. If no 
wire exists, they will spread out like a sound 
from a bell or a light from a spark, and their 
intensity will diminish with the distance. 
Clerk Maxwell and his followers were able 
to predict the rate at which these waves 
would travel. It was known they would go 
slower in glass and water than in air ; that 
they would curl round sharp edges and be 
reflected back, somewhat like a ray of light, 
when they struck against a conductor. It 
was known how to calculate the length 01 
such waves, and even how to produce them 
of any length, from a foot to 1000 miles. 
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All this was known, but unverified. Hertz 
supplied the verification. By means of a 
special radiator he created a series of waves 
nf different lengths. Then he put a special 
conductor in the path of the waves, and to 
his great surprise he found that the mys- 
terious electro-magnetic wave clearly mani- 
tested itself in a minute spark. His success 
was largely due to the fact that he employed 
'in instrument that gave off waves of vary- 
ing lengths, and picked up the waves by a 
broken ring of metal which was a poor 
absorber, but a persistent vibrator. But, 
having discovered the waves, Hertz did not 
stop there. By laborious and difficult 
experiments he ascertained that the pre- 
viously calculated lengths of the waves were 
thoroughly borne out by fact. His experi- 
ments in the measurement of electro- 
magnetic waves in free space were his 
greatest achievement. 

He worked out every detail of the theory 
splendidly, and turned what to most 
physicists would have been a confusing 
mass of troublesome facts into a har- 
monious system of laws. He especially 
showed that in their susceptibility to reflec- 
tion, refraction, and polarisation the electric 
waves were in complete correspondence with 
the waves of light and heat. Hertz never 
regarded his discovery as of much practical 
importance. To him it was merely a con- 
firmation of an abstruse mathematical 
theory. A very modest man, with a beauti- 
fully kind nature, he did not trouble about 
any possible industrial application of his 
discovery. He had dropped all interest in 
that kind of question when he gave up 
engineering. 

In 1889 he was appointed Professor of 
Physics at Bonn. Here he continued the 
study of electrical discharges through gases, 
a subject he had taken up under Helmholtz. 
He managed to get a mysterious ray of a 
visible kind out of the glass, but he over- 
looked the X-ray, which was actually 
streaming out of the vacuum tube during 
his experiments, and so Professor Rontgen 
had something left to discover later. 

Hertz died, at thirty-seven, on January 1, 
lX( H- His premature death counts, with 
that of Carnot and Clifford, among the 
gn at losses of science. He was sur- 
rounded from his birth with all the 
influences that go to make an accom- 
plished man of science. He was strong 
both on the experimental and the mathe- 
matical side; and he did not go down to 
the grave till he had effected an achievement 
that will keep his name immortal as the 


founder of a new epoch in experimental 
physics, and the discoverer of a new force 
for the use of civilisation. 

AUGUST WILHELM VON HOFMANN 
The Extractor of Wealth from Waste 

August Wilhelm von Hofmann, the father 
of the coal-tar industries, who vainly tried 
to establish them in England, was born at 
Giessen on April 8, 1818. Although Liebig 
had settled in his native town, and made it 
the most famous centre of chemical science 
in Europe, Hofmann was not at first at- 
tracted to chemistry. He devoted himself to 
the study of law and philology, and he then 
took up mathematics and physics. Though 
he mixed with the active investigators in 
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Liebig’s laboratory he did not take any part 
in their work. But when he at last was 
attracted to the new science he rapidly 
distinguished himself, and became the most 
brilliant of Liebig’s pupils. His first piece of 
research at Giessen, made in 1843, was an 
investigation of the organic substances con- 
tained in coal-gas, and he was the first man 
to find in coal-tar the now famous aniline 
that has become of the greatest importance in 
the manufacture of dyes. 

Largely through the influence of the 
Prince Consort, Hofmann was induced to 
come to London in 1845, and take the 
direction of the newly established Royal 
College of Chemistry, in St. George’s Street, 
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Hanover Square. He dicl not like the task, 
for he had heard from Liebig that British 
manufacturers wen*, like the rest of their 
nation, scornful of scientific knowledge. 
There were only two chemists in Great 
Britain at the* time who were doing first-rate 
work. The glorious traditions of Dalton and 
Davy were forgotten, and there was neither 
public nor private encouragement for 
chemical science. Moreover, there was no 
practical school in which a young man could 
be trained in chemistry. 

Hofmann, by his enthusiasm and energy, 
quickly gathered around him a band of 
young men many of whom afterwards be- 
came famous. Among them were Sir 
William Henry Perkin, Sir William Crookes, 
and Sir Frederick Abel. Most of them con- 
tinued their master’s researches on coal-tar, 
one of the results of which was that Perkin at 
the age of eighteen discovered his first mauve 
dye. Hofmann then hoped that the English 
people, with this proof of the practical 
value of chemical science before them, would 
encourage the new scientific industry. In a 
glowing speech he prophesied that England 
would soon lx* using her vast supply of coal- 
tar in supplying the world with dyes, and 
making the work of the indigo planters and 
madder cultivators useless. 

But the subscribers to the Royal College 
of Science, that only needed a few thousand 
pounds a year to endow our country with 
industries bringing in annually many mil- 
lions of pounds, began to withdraw their 
support, and manufacturers generally took 
not the slightest interest in applied science. 
Yet Hofmann at this time, by his enthusi- 
asm and energy and genius, had made the 
Chemical School famous throughout Europe. 
His warnings to British manufacturers 
passed unheetecl. The power of money, he 
said, can do much, but capital, directed by 
the lights ot science, can do much more. 
Those nations that neglect to call in the aid of 
science will find (heir prosperity diminish as 
neighbouring countries become strength- 
ened and invigorated under the general 
influence of science. 

It especially hurt Hofmann that he found 
no industrial backing in England ; and he 
came to the conclusion that Englishmen 
were dulled and stupefied by the wealth 
arising from the inventions of their fore- 
fathers. So, instead of lighting a losing 
batth. in a foreign land, he returned to 
Germany in 1864, and the next vear he 
was appointed Professor of Chemistry and 
Director of the Laboratory in Berlin 
University. Almost from the moment of 
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his departure the higher chemical indus 
tries decayed in England. The Chemical 
College, to which he had devoted nearly 
twenty of the best years of his life, was 
slowly starved to death, and the coal-tar 
manufactures, brought into existence by 
himself and his English pupils, were allowed 
to slip into the hands of Germany. 

Hofmann was not only a masterly 
organiser and a matchless teacher, but he 
exercised a greater and more direct in- 
fluence upon industrial development than 
any other chemist. By reason of his early 
studies of languages he possessed a clear 
and striking power of expression, and hr 
spoke English with great fluency. No 
man so capable as he could have been found 
for the work of training a great school of 
chemists in our country. Sir William 
Perkin was merely a boy of fifteen when 
he came under his influence, and in three 
years he was a master-chemist, with a 
great discovery to his credit. Hofmann 
advised him to continue his research work 
instead of at once taking up the industrial 
application of the artificial dye he had 
found. Had the young English chemist 
followed this advice it is probable that 
he would have triumphed over the later 
German researchers into coal-tar dyes. 

Hofmann himself devoted the latter part 
of his career to the study of amines and 
ammonium compounds, lie was never a 
skilful manipulator, and, after thinking out 
a problem, he preferred to set his pupils 
on the task of experimentation instead ot 
doing the work himself. He thus gave liis 
assistants splendid opportunities of dis- 
tinguishing themselves : and it is no doubt 
due to his generous methods of direction 
that so many of his pupils made tluir 
mark in chemical history. He had the 
power of infecting young men with his 
own enthusiasm, and of impelling llmm 
to exercise their best powers. He died in 
Berlin on May 5, 1892: and the German 
Chemical Society, of which he was the 
founder, erected a memorial to him ni 
Hofmann House. It was opened in 
in the most striking manner with an 
account of the latest victory of German 
chemical enterprise —the manufacture 
synthetical indigo. Happily, Hofmann s 
influence did not entirely die out in <nu 
country; and one of his English pu|^ s 
recently found a means of recovering 
from the leaf of the indigo plant a yield of 
dye that costs less to produce than die 
synthetic product. So the planters of In ( h a 
may yet defeat the chemists of Germany. 
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JAMES PRESCOTT JOULE 

Who Announced the Immortality of Energy 

James Prescott Joule, the discoverer of 
I lie law of the conservation of energy, was 
horn at Salford, near Manchester, on 
December 24, 1818. He came of a family 
of brewers. Though his father was obliged 
to retire from brewing on account of ill- 
health, he always had sufficient wealth to 
build laboratories for his brilliant son to 
pursue his scientific researches. Joule, like 
his father, had a delicate constitution, and 
for this reason was educated at home, but 
as John Dalton, the great chemist, was one 
of his tutors, the boy was inspired with a 
passion for science at an early age. 

Happily, Joule’s father took a keen in- 
terest in his son’s new pursuit ; and, 
though the lad was entirely self-taught in 
matters of science, he was fortunate in 
having an abundant store of money to 
draw on in all his experiments. A room 
in his father’s house was fitted up as a 
laboratory, and in it began the researches 
upon electricity and electro-magnetism 
which brought him fame. At the age of 
nineteen he invented the electro magnetic 
engine with which he made his earliest 
discoveries. By this time he had practi- 
cally settled what his life’s work was to be. 
Many persons, unacquainted with the actual 
work of men of science, would probably 
regard Joule’s early ambition as humble, 
uninteresting, and insignificant ; for all 
that he was set upon was to improve the 
various methods of measuring the work 
done by electrical and mechanical forces. 
All his life was given up to this laborious 
and unexciting scientific drudgery. When 
he married, and went to Switzerland for 
his honeymoon, he was careful to take 
with him instruments for measuring the 
temperature of waterfalls. Lord Kelvin 
met him there, with his bride on one arm 
mid a thermometer in his other hand. 

As Kelvin afterwards said, thinking of 
Joule as he spoke : “ Accurate and minute 
measurement seems to the noil-scientific 
imagination a less lofty and dignified work 
titan looking for something new. But 
nearly all the grandest discoveries of science 
have been but the rewards of accurate 
measurement and patient, long-continued 
labour in the minute sifting of numerical 
D Milts. Faraday’s discovery of specific 
inductive capacity, which inaugurated the 
new philosophy, tending to discard action 
at a distance, was the result of minute 
rui( l accurate measurement of electric 
Imccs. Joule’s discovery of a thermo- 


dynamic law, through the regions of electro- 
chemistry, electro-magnetism, and elasti- 
city of gases, was based on a delicacy of 
thermometry which seemed impossible to 
some of the most distinguished chemists of 
the day.” 

The fact was, Joule had a vast and 
splendid idea at the back of his mind, 
but he was resolved to say nothing about 
it until lie had completely proved it by 
researches. A Frenchman and a German 
had rushed into print with a purely theoretic, 
statement of this idea; yet, though Joule 
had accumulated many facts in support of 
it, he said nothing, but went on with his 
experiment. 1 le was chiefly concerned with 
the measurement of heat. He measured 
the heat, produced by sending water through 
narrow tubes ; he measured the heat dis- 
engaged by the chemical combinations in 
an electric battery, and lie had to invent 
t lie first really accurate galvomeler to do 
so. He suspended weights from a pulley, 
and connected the rope with a series of 
paddle-wheels in a vessel of water, and 
measured the heat produced in the water- 
in' -tlu' work of the falling weight. What 
he particularly wanted to find was what 
mechanical force is equal to the quantity 
of heat capable of increasing the tempera- 
ture of one pound of water by one degree 
Fain*. In other words, he desired to prove 
that work was regularly converted into heat 
according to a fixed scale. 

In 18 44 lie concluded from his experi- 
ments that a mechanical force capable of 
raising 8 58 pounds to the height of one loot 
would warm a pound oi water one degree. 
Another essay in measurement gave 770 
pounds. In 184b, 781 A pounds was Joule’s 
estimate. In 1848. 772 pounds, and in 
1878, 772' 55 pounds, was the amount of 
mechanical force arrived at by Joule. The 
two latter estimate's are practically similar, 
the slight alteration being due to a certain 
change in the standard of measurement. 

The result ol all this exquisite and 
difficult measurement of the heat-equivalent 
of a given amount of mechanical force was 
magnificent. It enabled Joule to establish 
the law that all the grand agents of Nature 
are indestructible. The doctrine of the im- 
mortality of energy was, in fact, announced 
by Joule to the British Association in 1847. 
This was the .second time he had pointed 
out that work resulted in heat, so that no 
energy was lost, but was merely trans- 
formed. On neither occasion were men of 
science generally interested in his dis- 
covery. Some did not see the full meaning 
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of it ; others thought he was wrong. At the 
meeting of 1847, however, Lord Kelvin 
happened to be present. He too thought 
that Joule was wrong, but on going into 
the matter he found that the tremendous 
generalisation was well founded. Professor 
Tait also took up the idea, and, writing in 
collaboration with Kelvin, brought out the 
full consequences of Joule's work; and the 
great law became one of the foundations 
of modern physics. 

In 1862 the British Association appointed 
Joule to determine the heat-equivalent of 
a given amount of electro-magnetic force. 
To get an accurate means of measuring the 
electric current, Joule invented the electric 
meter now used for standard measurements 
by the Board of Trade. Another of his 
delicate experiments was the measurement 
of the speed of a hydrogen molecule at the 
pressure of ordinary air. 

In 1872 Joule’s health gave way, and he 
had to leave off all hard work. By living 
quietly he managed to survive until October 
11, 1889. Personally, Joule was one of the 
most modest of men. He said of himself 
towards the end of his career, “ 1 believe 
I have done two or three little things, 
but nothing to make a fuss about." Yet 
he is one of the giants of modern knowledge. 
So modest is true achievement ! 

LORD KELVIN 

Professor, Inventor, Mathematician, and Humbler 
of Experts 

William Thomson, who was created Baron 
Kelvin of Largs, was born in Belfast on 
June 24, 1824. His grandfather was a small 
farmer in the North of Ireland ; his father, 
practically a self-made man, was, at the 
birth of his illustrious son, a teacher of 
mathematics in Belfast. When William 
Thomson was eight years of age, his father 
accepted the Chair of Mathematics at 
Glasgow University, and there the future 
Lord Kelvin matriculated when he was 
but ten years old ! Thompson senior 
and his son, Lord Kelvin, held profes- 
sorships simultaneously at Glasgow Uni- 
versity, while the elder son, James Thomson, 
was for sixteen years Professor of Engineer- 
ing at the same seat of learning. This in 
itself constitutes a unique family record — 
three men of two generations, sprung from 
the same humble Irish home,, each occupy- 
ing a professorial Chair at the same univer- 
sity ! James Thomson was himself a man 
of considerable talent ; and the second of 
Kelvin’s three machines, designed con- 
jointly to effect the prediction of the tides 
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for any port, is an application of an in- 
vention by That brother. 

Kelvin was a phenomenal child ; and in 
his sister’s charming domestic chronicle of 
his “ Early Home ” we find him at the age 
of four learning the use of the globes from 
his father, and at six years attending the 
parental lectures at the Belfast Academical 
Institution. Before he was ten he was 
experimenting with voltaic batteries and 
electrical machines, and as a matriculated 
student often carried off two prizes in the 
Humanity Class. At twelve he won a prize 
for the translation of Lucian’s “ Dialogue 
of the Gods," finishing his student’s career 
at Glasgow as fifth prizeman in the Senior 
Humanity Class. Proceeding, at seventeen, 
to Peterhouse, Cambridge, he proved himself 
one of the rare undergraduates who find 
twenty-four hours barely sufficient for the 
day’s occupations. He worked with zeal ; 
he played with zest. He rowed ; In- 
diverted himself, if not those about him, 
with his performances on the cornet, and 
his sister extracts from his diary his 
diverting record of a tortured tutor's 
breaking in upon a duet in which Kelvin, 
leaning on his desk, was playing tk Adeste 
Fidclcs " while a friend was playing “ Logic 
o’ Buchan " at the chimney-piece. In the 
year of his majority Kelvin graduated from 
Peterhouse as Second Wrangler and first 
Smith’s Prizeman, a success which gained 
him a Fellowship at his college. 

England had little in those days to teach 
him of experimental science, and he hurried 
to Paris to spend a profitable year in the 
laboratory of Regnault. He was sum 
moned back, at twenty-two, to succeed 
Dr. Meiklejohn in the Chair of Natural 
Philosophy at Glasgow. Through all his 
labours as the greatest physicist of his 
time, Kelvin, for three-and-fifty years, 
retained that Chair. Four days a week he 
lectured twice a morning - from 9 to 10 <>n 
experimental physics, from 11 to 12 on 
mathematical physics. 

His lectures were among the curiosities 
of university life. A man needed to be 
already an expert physicist to follow him. 
He talked utterly above the heads of' the 
average student. The man who was abso- 
lutely revolutionising physics, who was 
adding glory to glory for Great Britain in 
the realms of pure mathematics, who was 
making life safe at sea by his inventions, 
bridging the Atlantic with his devices lor 
the electric cable, and incidentally in ' 
creasing the wealth of the world inestim- 
ably — this giant of intellect had die 
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unruliest, most unappreciative class in his 
own or any other university. 

One of the students who did understand 
and reverence him says, “ To waste the time, 
energy, and extraordinary original power 
of a genius like Thomson on such teaching 
was like using a razor to chop wood, or 
putting the Prime Minister to holding classes 
for junior clerks in Downing Street.” Yet 
the classes were not a failure. Now and 
again the men who, attracted by his fame, 
flocked from all parts to hear him, would 
produce from their number the few who 
appreciated and could follow him. The 
bulk of them, as soon as they had got their 
names registered, and he had turned his 
back to write something on the blackboard, 
would silently steal away. And the genial 
luminary, noting the defection, would 
remark, with a twinkle, that “ there seemed 
a curious gradual diminution of density in 
the upper part of the lecture-room ! ” 

Hut he gathered about him a devoted 
little band of disciples, and by a process of 
reciprocal assistance they wrought miracles. 
Those of his students still remaining who 
remember the old days scoff at the easy 
path of the present-day student, with his 
Miberb laboratory, his refined apparatus ; 
they had to do their work with Kelvin in a 
tumble-down coal-shed ! There was no such 
thing as a scientific laboratory worthy the 
name in the ’sixties. That was where they 
made the world go ’round — in the lecture- 
room and the coal -shed adjoining. And in 
that coal-cellar, with a rattling imp of a 
hoy entering every five minutes to shovel 
up coal and begrime them and all their 
instruments with coal-dust, in that sorry 
laboratory they brought his syphon-recorder 
to birth. The instrument which brings 
London within thirty seconds of New York 
was evolved and perfected in a coal-cellar, 
just as radium was wrenched from its 
matrix in a ruinous old shed in Paris. 

It is impossible within brief compass to 
present a summary of Lord Kelvin's contri- 
butions, practical and theoretical, to science. 
His addresses and papers, many of them 
epochal in importance, number upwards of 
six hundred, while his inventions were 
legion. Of these, of course, those in relation 
to the ocean cable stand foremost. It has 
been said that his labour in the application 
°f science to practice was more to be 
esteemed than his work as a pure mathe- 
matical thinker, but none of his great 
inventions could have been achieved but 
b y a mathematician. When he took up. the 
question of the submarine cable, he showed 


that the then existing theories were 
erroneous. The cables, he urged, would 
not stand the current that it was proposed 
to pour into them. “ If you are right, 
there can never be a submarine cable,” his 
critics answered ; and they let the engineer 
of the cable company proceed with his big 
induction coils, live feet in length, and with 
currents of very high potentiality. They 
called the invention “ the thunder pump.” 
It was worse than that, for the high 
current simply made sparks leap through' 
the gutta-percha insulation and destroy the 
hapless cable. 

Kelvin, who was merely a director of the 
cable company, persistently dinned it into 
his co-directors that the only possible plan 
was to employ weak currents with very 
delicate receiving instruments. He was, 
of course, sneered at as an inexperienced 
young man who had never erected a mile 
of telegraph line in his life, but his dogged 
persistence, coupled with the failures of 
the “ experts,” eventually won the day for 
him. Glasgow already knew and respected 
him ; at least, the stationmaster did. When 
Kelvin’s experiments were proceeding, again 
and again he would send down to the station 
in the evening, saying, “ I have gone to 
White’s (the instrument maker’s) to hurry 
on an instrument. The London mail must 
on no account start tonight until I arrive.” 
And because that stationmaster had faith 
in the genius of the professor, train after 
train was delayed. London would be growl- 
ing at the late arrival of the mails, but those 
little delays helped to bring the submarine 
cable into being, for, of course, Kelvin was 
perfectly successful. 

He invented first his mirror galvano- 
meter, an infinitely delicate instrument, 
mirror and magnet sometimes weighing 
together only a grain or two. By the 
method that he condemned, it took thirty 
hours to get through a message of 150 words 
from the American President to Queen 
Victoria ; the “ thunder pump ” burst the 
cable. Kelvin began with a minimum of 
twelve words a minute, and increased pre- 
sently to twenty per minute. It was after- 
wards that he created the syphon-recorder 
in the coal-cellar. 

Kelvin loved measurement, and his 
electric measuring instruments are without 
rival, especially in regard to electrostatic 
measurement, perhaps the most difficult of 
all. His capacity for grasping the minutest 
of details is reflected in these beautiful 
instruments. An effect of this faculty 
appears again in his improved mariners’ 
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compass. The history of that invention is 
worth remembering as characteristic of the 
man. Asked to write an account of the 
compass for a family magazine, he paused 
in the midst of his series to invent a new 
compass. “ I felt it impossible,” he ex- 
plained to his editor complacently, “ to 
describe compasses which perform their 
duty ill, or less well than might be.” And 
the improved compasses, used today by 
every first-class ship in the world, torpedo- 
boats and torpedo-boat destroyers alone 
excepted, were the result of that series of 
articles. Another device of immense im- 
portance to navigation was his deep-sea 
sounding-machine ; and his tide-machine 
is universally employed. These are but 
outstanding items in a long list of inven- 
tions, few of which are not in general use. 

It will surprise most people to know that, 
despite his fecund genius for the creation 
of refined instruments, Kelvin could not 
handle them. Says the late Professor 
Ayrton : “ With all his genius, all his power 
of advising how an experiment should be 
made, with all his creative originality in 
suggesting the details of scientific apparatus 
and methods, Thomson could not make the 
experiments with his own hands. We all 
dreaded his touching the apparatus we had 
set up and adjusted. He was too impulsive, 
too full of exuberant energy. After the 
apparatus was broken when he had touched 
it, he was profoundly sorry.” And when, 
possibly through causes of this sort, his 
experiments went wrong, he would say : 
“ Faraday’s result was so-and-so ; mine is 
just the opposite. But Faraday, with 
inferior apparatus, divined the truth. Re- 
member his result, not what you have just 
seen me obtain.” 

Kelvin was Newtonian in his modesty. 
There was a touching note of humility in 
his speech to a great and distinguished 
gathering by which his jubilee at Glasgow 
University, in 1896, was celebrated. “ One 
word characterises the most strenuous of 
the efforts for the advancement of science 
that I have made perseveringly for the last 
fifty-five years ; that word is — failure. I 
know no more of electric and magnetic 
force, or of the relation between ether,' 
electricity, and ponderable matter, or of 
chemical affinity, than I knew and tried 
to teach my class-students in my first 
session as professor.” 

Lord Kelvin, who worked at llie revision 
of his writings up to within three months of 
the end, died at his Scottish residence, 
Netherhall, Largs, on December 17, 1907. He 
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was twice married, but had no children- 
He loved those of everybody else, and there 
is a thrilling little story of one. At a time 
when he had just received from Paris several 
small canisters containing electricity ob- 
tained from a thunderstorm, the little child 
of one of his friends was found to be suffering 
from a menacing tumour on its tongue. The 
growth could not be excised by the knife for 
fear of excessive loss of blood. Kelvin, who 
had ascertained the degrees of heat derived 
from his stored lightning, applied, by the 
merest touch, a wire from one of the can- 
isters, aud succeeded instantly where the 
surgeons had feared to operate. ” It was 
picturesque,” said a distinguished man, to 
whom Kelvin recounted the story — "it 
was picturesque for Franklin to draw light- 
ning from a cloud into a bottle, but it charms 
me more to think of a thunderbolt so 
humanised as to remove a baby's peril by 
one gentle and painless touch.” 

ANTOINE LAURENT LAVOISIER 
The Godfather of Oxygen and Father of French 
Chemistry 

Antoine Laurent Lavoisier, one of the 
founders of modern chemistry, was the son 
of a Parisian lawyer. He was born in the 
French capital on August 26, 1743.* His 
mother dying when he was five, he was 
brought up by a rich grandmother, who sent 
him to the fashionable College Mazarin, 
where he found excellent teachers in all 
branches of science. His master in chemis- 
try, especially, was a man of genius, and 
from him Lavoisier acquired the love of 
chemical research which became the great 
force of his life. His people wished him to 
become a lawyer, and he passed his examina- 
tions in 1764. but, having taken part in the 
preparation of a mincralogical altas of 
France, he decided that science, and not 
law, was his true avocation. 

Unhappily for himself, Lavoisier was a 
very cautious and prudent man, even in his 
young days. It struck him he would want 
much money for his scientific researches, 
and, having inherited his mother's fortune 
he employed it in purchasing an interest in 
the Ferine-General. This was a company of 
financiers who farmed the indirect taxes of 
the country, paying a large sum of money 
in advance to the State, and collecting 
themselves the taxes from the people. They 
were the most hated body of men under the 
old French Government. The Ferme sent 
hundreds of persons every year to the 
galleys for trifling acts of smuggling- 
Conflicts with its officers took place daily* 
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and the taxes were most unequally levied. 
In joining this association soon after he was 
elected to the Academy of Sciences, Lavoi- 
sier took his first step towards the gallows 
at the same time as he planted his foot on 
the ladder of fame. 

In vain did he try to introduce a finer 
sense of justice and a better style of manage- 
ment into the Ferme, for, though he was 
able to remedy many abuses and lighten the 
burden of impositions, it was too late to 
wipe from the popular memory the recollec- 
tions of the exactions and injustices of the 
past. Indeed, as he rose to a position of 
power in the company, the hatred of the 
people seemed to be directed against him. 
His uprightness, his public services, and 
the glory of his scientific achievements were 
disregarded. When the day of reckoning 
came, he was remembered only as Lavoisier 
the Fermier-General. 

What brought about the final disaster was 
a trivial and paltry comedy of vanity. An 
obscure and ambitious young man tried to 
make a name for himself at the beginning of. 
his career by publishing a treatise on fires 
It was full of the crudest and most ridiculou, 
speculations on the nature of combustion 
ond the author had the impudence to 
announce that it had been received with 
approbation by the Academy of Sciences. 
Lavoisier was then director of the Academy, 
and in a few scornful words he publicly 
remarked that the statement was baseless. 
The charlatan of science was Marat, the 
bloodthirsty revolutionist, and in his paper, 
' The People's Friend," he attacked the 
Academy and slandered Lavoisier. The 
political clubs and revolutionary journals 
followed the lead Marat gave them. Lavoi- 
sier was removed from his official position 
as director of the Government factory of 
gunpowder, and in the days of the Terror 
lie was arrested. 

On May 8, 1794, he was brought to trial. 
Various learned societies presented petitions 
and memorials extolling the value of his 
public services, and drawing attention to the 
fact that the scheme of national instruction 
fhen before the Convention was entirely of 
bis creation. All was in vain. The presiding 
judge pushed the memorial aside with the 
memorable words : “ The Republic has no 
, | ee d of men of science." The sentence of 
death was ordered to be carried out within 
twenty-four hours, and on May 9, 1794, 
Lavoisier was guillotined. Bearing himself 
With dignity, he met his end with quiet 
courage, and the crowd that had come to 
l e er him was awed into silence. 

L 


Thus perished, at the age of fifty-one, one 
of the most remarkable men in the history 
of science. There was not a scientific body 
in Europe that failed to give utterance to its 
sense of shame and sorrow. On the fall of 
Robespierre the French people became 
ashamed of their action. A solemn State 
funeral was decreed in honour of the dead. 

LavoisierV great achievement was the 
overthrow of the last of the alchemist 
superstitions that burning was produced by 
a principle of fire contained in substances. 
He showed it was the presence of oxygen 
that brought about combustion, and that 
the rusting of metal, the burning of wood, 
and the explosion of gunpowder were one 
and the same process of oxidation, carried 
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out at different speeds. To Lavoisier has 
been attributed the discovery of oxygen ; 
but though he was not in his lifetime 
averse to taking the credit for this, it has 
now been clearly proved that Priestley 
was the discoverer, and communicated 
his idea to the Frenchman at a dinner in 
Paris. Nevertheless, Lavoisier is a greater 
man than either Priestley or Black. He had 
a wonderful power of generalisation, to- 
gether with a remarkable accuracy and 
breadth of view. With these he was able 
finally to overthrow the loose opinions 
regarding combustion and elementary 
principles which then prevailed, and to 
establish chemistry as an exact science. 
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SIR WILLIAM HERSCHEL— THE BREAKER 
OF THE BARRIERS OF TIIE SKY 

CAROLINE HERSCHEL— A GREAT MAN’S 
GREAT SISTER 

JOHN RUSSELL HIND— A FAMOUS EDITOR 
OF THE "NAUTICAL ALMANAC” 

H I PP A R C H U S — THE GREATEST OF 
ANCIENT ASTRONOMERS 

JI'REMIAH HORROCKS— " FOUNDER OF 
ENGLISH ASTRONOM Y ” 

SIR WILLIAM HERSCHEL 
The Breaker of the Barriers of the Shy 

H 'hederick William Uekschel — lie 

dropped the name Frederick when he 
m I tied in England — was born in Hanover 
on November 15, 17^8. He was the fourth 
o! the ten children of Isaac Hersehel, an 
oboist in the band of the Hanoverian Guard. 
Almost all the children inherited musical 
gifts ; and William, after a short but eagerly 
pursued education at the garrison school, 
entered the band at the age of fourteen. At 
the beginning of the Seven Years’ War his 
parents, finding that the campaign was 
breaking down his health, smuggled him 
away to England. For this act of desertion 
Hersehel received a written pardon from 
('.forge ITT. in 1782. 

In 1757 Hersehel landed in England, with 
a French crown-piece and his musical talent 
as sole means of support, lie earned his 
living as a music teacher in various towns, 
began gradually to be known, and in 176b 
became a member of the Pump Room 
orchestra at Bath. The next year he was 
appointed organist to the new Octagon 
Ompel, and in 177b succeeded Lindley as 
< oncer! director in Bath. By this time he 
wun well on his way to fame and fortune as a 
musician. In 1771 lie had sent for his brother 
Alexander, and in 1772 for his favourite 
• s i s hT, Caroline, to take part in the concerts. 

But music was not by any means sufli- 
n,, n( for William Hersehel. He had an in- 
satiable desire for knowledge, and the read- 
ln g of Ferguson’s “ Astronomy ” impelled 
biin to seek for himself the wonders of which 
ir >poke. He could not afford a good 
Hscope, but this did not check his ardour. 
He determined not only to make his own 
llls trument, but to make one more powerful 
Jban any which had yet existed. The 
h'Hia 1 was thrown into utter confusion while 
1 brothers and sister, with the help of a 
‘•upfiiter, set to work with the zest of 
Hiildren. After no fewer than two hundred 


SIR WILLIAM HUGGINS— THE PIONEER 
OF ASTRO-PHYSICS 

CHRISTIAN HUYGENS— A GREAT ASTRO- 
NOMER* WHO MADE CLOCKS 

JOHANN KEPLER -THE DISCOVERER OF 
THE UNITY IN THE SOLAR SYSTEM 

OMAR KHAYYAM— TIIE PERSIAN POET 
WHO REFORMED THE CALENDAR 

failures a reflecting telescope was success- 
fully constructed five and a half feet in focal 
length, and of five inch aperture. From this 
time Hersehel laboured unintermittently to 
produce a telescope of the highest possible 
magnifying power. The two hundred failures 
had given him a mastery in the art of 
making specula, or telescopic mirrors, in 
which art he has probably never been 
equalled. But there have been few with 
an ardour such as his, which on one, occa- 
sion never left off polishing a speculum for 
sixteen hours, lest the removal of his hand 
should impair its surface. Once, when the 
conditions of observation were excep- 
tionally favourable, Hersehel worked 
without ceasing for seventy-two hours at 
his telescope by night and his desk by day, 
and then slept for twenty-six hours. 

lierschel’s lifelong passion was to “ review 
the heavens,” in the profound sense ; to 
know the celestial bodies, as far as possible, 
as they really are ; to arrive at some con- 
ception founded on reality as to the con- 
struction of the starry universe. This was 
the source of his devotion to the perfecting 
of his instruments, and of the attention he 
always gave to the highest possible develop- 
ment of his own powers of vision. This 
fervent love of reality led him, with the 
instinct of genius, from one discovery to 
another, so that at the age of eighty-three 
he was still inspired with the same quest, 
though at last unable to pursue it. 

The making of telescopes went on steadily 
in every interval of Ilerschel’s numerous 
musical engagements, and every clear 
night found him at his telescope surveying 
the heavens. In 1775 lie constructed a 
seven- foot instrument which already sur- 
passed any existing telescope in the dis- 
tinctness of its images. Indeed, it is not 
too much to say that before Herschel’s 
labours distinctness of vision was not even 
particularly aimed at. After several 
failures, a magnificent twenty- foot reflector 
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with a twelve-inch mirror was set up in 
1781 ; yet even this did not satisfy 
Herschers hunger for light, and he set to 
work to construct a thirty-foot instrument. 
Meanwhile, a fortunate accident had de- 
cided his career, and relieved him from the 
strain of his double profession. 

This was the discovery, in 1781, of the 
planet Uranus — a discovery unprecedented 
in the records of astronomy. Herschel at 
once became famous. He was appointed 
in the following year Astronomer Royal, at 
a salary of £200, and from this time devoted 
himself to astronomy alone. Together with 
his sister Caroline, he moved, first to Datchet , 
where they lived in a rambling, tumble- 
down house ; then, in 1785, to Clay Hill ; 
and finally, in the following year, to Slough. 
By making telescopes for sale, Herschel 
procured the funds necessary for his pro- 
jected giant forty-foot telescope. His in- 
struments went all over Europe, and for 
several he received sums of £2000 or 
£3000 each. But he was fortunately 
relieved from the necessity of labouring as a 
mere mechanician by Royal grants for the 
purpose of constructing the forty-foot in- 
strument. This was begun in 1785, and was 
set up four years later amid the enthusiasm 
not only of the Herschels. but of all the 
scientific world. 

The power of this instrument delighted 
Herschel. At his first view it disclosed to 
him a new Saturnian satellite, Enccladus ; 
and three weeks later he discovered with it 
the seventh satellite, Mimas, an object which 
eludes any but the very highest telescopic 
power. His delight and triumph appear in 
his own record. “With the forty-foot 
instruments the appearance of Sirius 
announced itself at a great distance, like the 
dawn of the morning, till this brilliant star 
at last entered the field, with all the 
splendour of the rising sun, and forced me 
to take my eye from that beautiful sight.” 

The giant reflector was, however, too un- 
wieldy for constant use, and was only 
employed for special observations. It was 
with the twenty-foot that Herschel chiefly 
carried out his projected sweeping of the 
heavens. This task may be said to have 
been at once his supreme passion and his 
life-work. It yielded an incomparably rich 
harvest of particular discoveries, and of 
scientific conclusions. But the utimate 
value of Herschel's labours lay not so much 
in his many discoveries, nor in the in- 
ferences and conjectures which, his genius 
so often drew unerringly from observation, 
as in the ardour and power which led 
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astronomy, from mere theorising, back to 
the heavens themselves. At the time when 
he began his explorations, astronomers were 
absorbed in attempts to prove or disprove 
Newton's generalisation, and observed the 
heavens simply to that end. The stars were 
receiving almost no study for themselves. 
Telescopes had never been constructed with 
any definite idea of securing true and clear 
images of celestial objects. Sidereal physics 
and sidereal construction had hardly been 
conceived of as subjects for practical in- 
vestigation. But since Herschel led the way 
the progress of discovery in these directions 
has been very rapid. 

Herschel’s own contributions to astro- 
nomical knowledge and theory were, how- 
ever, very considerable. The study of double 
stars and of nebulae was first seriously under- 
taken by him ; and even after his death 
his son possessed the only instrument cap- 
able of showing many of the nebulae which 
he had discovered. In his “ sweeping ” 
observations, which he completed over the 
whole northern sky, he gathered in a multi- 
tude of previously unknown double stars : 
a catalogue of 269 of these was presented to 
the Royal Society in 1782, and a second 
list of 434 in 1784, the large majority being 
new discoveries. Herschel was the first to 
perceive the colour harmonies in some of 
these binaries. His discoveries of nebula:, 
of their disposal in space, and of their 
relations with stars are perhaps even more 
important. From his early view of nebula 
as separate “ universes ” consisting of in- 
numerable stars, he was led by his ob- 
servations to the conclusion that there exists 
in space a " shining fluid,” of which many 
of these objects are composed. His studio: 
of the sun were very thorough and diligent 
he traced out the whole course througl 
which individual sunspots run, and en- 
deavoured to establish some relation be- 
tween sunspot variations and changes on 
the earth. He discovered two new Saturnian 
and two new Jovian satellites, set on foot 
the modern study of the physical features 
of Mars, originated the “ trade-wind " 
theory of the belts of Jupiter, and fixed the 
period of Saturn’s rotation. He also in 
stituted a new system of stellar classifica- 
tion in a regular sequence of magnitudes, a 
method which has been valuable especially 
in relation to the study of light variation. 

Herschel married, in 1788, Mary, widow of 
Mr. John Pitt ; she seems to have been a 
woman of exceedingly sweet and gentk 
character. They haa one child, John, 'yh<> 
rivalled his father’s fame as an astronomical 
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observer. Herschel was knighted in 1816, 
and in 1821 was elected first president of the 
Astronomical Society. He died at Slough 
on August 25, 1822, and was buried at 
Upton. Above his grave have been placed 
the words, “ Ccelorum perrupit claustra ” — 
He broke through the barriers of the skies. 

CAROLINE HERSCHEL 
A Great Man's Great Sister 

Caroline Herschel was eleven years 
younger than her “dearest and best” 
brother William, having been born at Han- 
over on March 16, 1750. She was a 
household drudge from a tiny child, and had 
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li t tie tenderness or affection shown her 
except by William, and, more surrep- 
titiously, by her father. A typical episode 
recounted in her diary gives a touching 
picture of the affection of the soldier lad for 
l«is six-year-old sister. “ My mother, being 
very busy preparing dinner, had suffered me 
t ( > go all alone to the parade to meet my 
lather, but I coulcl not find him anywhere, 
nor anyone whom I knew ; so, at last, when 
nearly frozen to death, I came 'home and 
iound them all at table. My dear brother 
William threw down his knife and fork. 
au d ran to welcome, and crouched down 
h* me. The rest were so happy at seeing 
^ne another that my absence had. never 
hcen perceived.” 

As soon as William was earning a sufficient 


income in Bath, he sent for Caroline to join 
him, in 1772. She became a singer when 
he was concert-director, an untiring assistant 
when he became an explorer of the heavens. 
Caroline was at first by no means pleased 
at the change ; the road to success was 
well open before them in a musical career, 
but there 'was nothing to be seen of great 
promise from the heavens. But her de- 
votion to her brother stifled the revolt of her 
practical common sense, and nothing could 
exceed the completeness of that devotion, 
which was entirely without consciousness of 
self. Throughout the long hours of the 
night-watches she was always at her post, 
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recording, assisting in mechanical opera- 
tions, entering into all that was going on. 
Without her aid, William Herschel could 
never have got through anything like the 
amount of observation which he accom- 
plished. Never, before or since, had 
astronomer so perfect a companion in his 
explorations. She was described by Miss 
Burney as “ very little, very gentle, very 
modest, and very ingenuous ; and her man- 
ners arc those of a person unhackneyed 
and unawed by the world, yet desirous to 
meet and return its smiles.” 

Although nothing was ever allowed to 
interrupt for a moment her services as her 
brother's assistant, Caroline Herschel found 
time during his absences to sweep the 
heavens on her own account and became 
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iamous as the discoverer of eight comets. 
She was a favourite with the Royal 
princesses, and received attentions from 
many persons of importance, but all these 
things left her untouched. Her whole 
life had but a single purpose — to serve ; and 
her strong heart a single devotion — her 
brother. His marriage was a great blow 
to her. but she remained his untiring assist- 
ant until his death. 

Although she lived for nearly twenty-four 
years after his death, Caroline’s life, in many 
senses, ceased with his. She retired to Ger- 
many and lived honoured but weary at 
heart, until January 9, 1848, when she 
died at the age of almost ninety-eight. 
Her reduction of her brother’s catalogue of 
nebulae and clusters was an invaluable work, 
to which she devoted immense labour and 
patience, and for this she received the gold 
medal of the Royal Astronomical Society. 

JOHN RUSSELL HIND 
A Famous Editor of the “ Nautical Almanac" 

John Russell Hind was born at 
Nottingham on May 12, 1823. Like so 
many other astronomers, he early developed 
a remarkable taste for the subject, but his 
father insisted upon his studying to be an 
engineer, and placed him, in 1840, in the 
office of a civil engineer in London. He was 
fortunate enough, however, to receive, at 
the end of the same year, an appointment to 
the staff of Greenwich Observatory through 
the influence of Professor Wheatstone. 
Here he was set to work to record magnetic 
and meteorological changes. There were, at 
that time, no self-recording instruments, 
and Hind had therefore to attend the 
instruments throughout long night-watches. 
It was in these solitary hours that he took 
to calculating the orbits of planets and 
comets, and was soon known in the 
Observatory for the remarkable accuracy 
of his calculations. 

Four years later Hind was appointed 
private astronomer to Mr. Bishop at 
Regent’s Park, and continued to hold this 
position until his death. At this observa- 
tory, which turned out an astonishing 
amount of good work, he calculated the 
orbits of many planets and comets, and 
found ten asteroids between 1847 an d 1854. 

The first work upon which he was 
employed by Mr. Bishop was the construc- 
tion of a chart of the heavens extending to 
three degrees on each side of the ecliptic. 
This great labour was be^un with the 
purpose of detecting, if possible, the body 
which caused the perturbations of Uranus. 
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This was before the calculations of Adams 
and Leverrier had led to the discovery ot 
Neptune in the summer of 1846. In the 
course of his observations for the purposes 
of this chart, Hind discovered some of the 
asteroids referred to above, and a good 
many variable stars and several comets. 

But it was as director of the “ Nautical 
Almanac ” that John Hind really achieved 
fame. Appointed to this post in 1853, 
owing to his unrivalled skill in mathematical 
computation, he brought that valuable 
publication, on which the safety of navi- 
gation so much depends, to the perfection 
and reputation which it bears at present. 

Hind also wrote many papers for the 
Royal Society, and was author of several 
popular books on astronomy. Among the 
latter may be mentioned “ The Solar 
System,’ 1 “ Introduction to Astronomy/' 
and a “Descriptive Treatise on Comets." 

Mr. W. E. Plummer, in an obituary 
notice, thus speaks of Hind’s work, “lie 
was emphatically a practical astronomer, 
and, whether as an observer or in making 
the mathematical work of others available 
for practical ends, he had few equals. He 
knew his capacity very well ; he attempted 
nothing beyond his powers, and few men 
have made fewer mistakes." 

HIPPARCHUS 

The Greatest of Ancient Astronomers 

About the middle of the third century 
b.c., a spirit of realism entered into Greek 
thought, and one of the results of this was 
that astronomy began to be really a science. 
That is to say, philosophers were no longer 
satisfied merely to produce fanciful theories 
of the universe based upon conjecture rather 
than upon fact. Observation and calcula- 
tion became predominant, and hypotheses 
were relegated to their rightly subordinate 
place. Jhe systems of Eudoxus and of 
Aristarchus aiike broke down under the 
test of more careful and detailed observa- 
tion of the planetary motions. It is the 
great merit of Hipparchus, the famous 
predecessor of Ptolemy, that he was more 
interested to investigate the actual motions 
and irregularities of the planets than to 
build up an elaborate theory of the universe. 

Hipparchus was born at Nicaea, in 
Bithynia, nearly at the beginning of the 
second century before our era. The earliest 
recorded date of his observations is 161 nx- 
and his only book which has come down to 
us bears the date of 140 b.c. A great part 
of his life was spent at Rhodes, which was 
a centre of great intellectual activity. 
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The system of Hipparchus, which was 
adopted and elaborated by Ptolemy, was 
in many points erroneous. None the less, it 
marked an immense advance, inasmuch as 
it was really a serious attempt to describe 
in reasoned form the actually observed 
motions of the planets. It contains, there- 
lore, a substratum of truth, and has been 
of inestimable value as a foundation of 
astronomical science. Hipparchus worked 
out his system most fully in relation to the 
sun, and showed that the supposed move- 
ments of that body could be accounted for 
either on the theory of the eccentric circle 
or on that of the epicycle. This was reason- 
able enough, for the resultant error was 
too small to be appreciable with the instru- 
ments which astronomers had then at their 
command. Hipparchus was also the 
discoverer of the precession of the equinox 

that is to say, of the fact that the nodes, 
or intersections, of the earth’s orbit, which 
was then, of cdurse, regarded as the sun’s 
orbit, with the plane of the equator were 
not absolutely fixed, but had a slow back- 
ward movement. 

This ancient astronomer also worked out 
a theory of the moon and her elusive 
movements, but with less success than that 
which attended his explanations of the sun. 
It is characteristic of Hipparchus that he 
realised the imperfections of his theory, 
though he confessed himself unable to 
remove them. In a similar way, though in 
;i much greater degree, lie was to the end 
dissatisfied with his knowledge of the 
movements of the planets — so much so that 
he never elaborated a planetary theory. 
He corrected the observations which had 
been made by his predecessors, and was him- 
self a scrupulously accurate observer, but 
he deliberately left the interpretation of 
these results to future generations. In 
this respect, as in so many others, we can 
s ee that his views of human knowledge, and 
of the celestial system alike, were far more 
profound than those which were current in 
his time. Early Greek astronomers had 
been accustomed to found their theories 
upon observation of the planets at their 
moments of opposition only, but Hipparchus, 
°n the contrary, recognised that the move- 
ments of these bodies must be sedulously 
followed throughout their entire orbits. In 
making thorough observations of this kind, 
i R - soon found that neither the epicycle nor 
Hie eccentric was capable of explaining 
planetary motion, and there he was obliged 
to leave the matter— to Copernicus. In 
addition to his work on the solar. system. 


Hipparchus is known to have compiled a 
catalogue of stars, which formed the basis 
of Ptolemy’s later catalogue. Ptolemy, 
who fixes its date at 129 b.c., did very 
little more than edit it. 

JEREMIAH HORROCK5 
A Young Intuitive Astronomer 

Jeremiah Horrocks was the first astrono- 
mer of nfote who fully accepted the great 
results of Kepler's work. Indeed, Miss 
Clerkc well says of him that his genius was 
akin and not inferior to that of Kepler. 
Yet this amazing youth did not live beyond 
the age of twenty-three years. Born near 
Liverpool somewhere in the period 1617-19, 
the son of a small farmer, Horrocks had to 
struggle against poverty all his life, and had 
no assistance in his scientific study. He 
entered Emmanuel College, Cambridge, 
in 1632, but left after three years’ resi- 
dence without taking a degree, and 
justifiably dissatisfied with the university 
teaching. He had by this time acquired 
some reputation as an astronomer, and on 
leaving college threw himself altogether 
into the study of Kepler. He was soon 
convinced that Kepler's figures were not 
correct, and resolved to supplement the 
labours of that great mathematician. 

Having taken orders, he became a curate 
at Hoole, a very poor parish near Preston. 
There he eked out his meagre salary of £40 
a year by private coaching, but still con- 
tinued his astronomical studies, though his 
equipment was limited to a telescope which 
he had purchased for half-a-crown. His 
most notable achievement was to foretell a 
transit of Venus which had not been ex- 
pected by Kepler or any other astonomer. 
It duly took place on November 24, 1639. 
This was the first recorded observation of 
a transit of Venus across the sun’s disc. 
From these observations Horrocks was able 
to obtain a more correct determination of 
the planet’s orbit. 

His astronomical labours having been 
grievously hindered by hard work, ill-health, 
and poverty, Horrocks resigned his curacy 
in 1640, and returned to his home at 
Toxteth, near Liverpool, where he com- 
pleted his treatise on the transit. He had 
also (lone much work in relation to the 
tides, which he investigated in order to 
obtain more conclusive proof of the earth’s 
rotation. Indeed, he was the first to make 
a deliberate study of the tides. 

Sir Isaac Newton, in his “ Principia,” 
generously acknowledged his indebtedness to 
a work of Horrocks, entitled “ The Theory 
of the Moon,” a memoir which shows the 
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most remarkable anticipation of know- 
ledge which was only clearly ascertained in 
later years. For example, Horrocks de- 
scribes the moon as pursuing an orbit in the 
form of an ellipse with the earth at one focus, 
and also suggests a variable eccentricity and 
several other features of the lunar move- 
ments. He also made ingenious though 
erroneous suggestions with regard to the 
movements of the planets, believing that 
they were driven round by a force dependent 
on the sun’s rotation. 

Horrocks died on January 3, 1641, having 
accomplished in this brief life of twenty- 
three years, with little leisure and no means, 
most remarkable steps forward in the science 
of astronomy. It has been suggested, not 
without reason, that if he had lived he 
might have become the greatest astronomer 
whom the world has ever produced. 

SIR WILLIAM HUGGINS 
The Pioneer of Astro-Physics 

Sir William Huggins, the great pioneer in 
the science of astro-physics, was born in 
London on February 7, 1S24. The son of a 
City linendraper, he was educated for two 
years at the City of London School, and 
from 1839 by private tutors at home. His 
education was of the usual literary kind, but 
his own inclination was always towards 
science. His earliest fancy was the micro- 
scope, and from 1852 he was a member of 
the Royal Microscopic Society. While he 
was still a young man, after a brief commer- 
cial career, Sir William Huggins happily 
succeeded to a private fortune, and thence- 
forward his sole interest was astronomy. 
As early as 1854 we find him a member of the 
Astronomical Society ; and by the spring of 
1856 he was fully equipped with an observa- 
tory of his own, fitted with an equatorial 
telescope of five-inch aperture and other 
instruments. This observatory was built 
in his garden at Tulse Hill, where he lived 
and worked until his death. 

After becoming an expert in the methods 
of astronomical observation which were 
familiar at that time, Huggins was attracted, 
in 1862. by the idea of spectroscopy, owing 
to a treatise by Kirchhoff, which showed 
how the dark lines of the solar spectrum 
could be made to reveal the physical con- 
ditions of the sun. Greatly attracted by 
the new vista of knowledge thus opened 
up, Sir William Huggins set to work at 
once to apply the same method to the 
profoundly suggestive investigation of more 
distant celestial objects. 

Together with Sir William Allen Miller, he 
adapted the spectroscope to the study of the 
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stars ; and with their new instrument 
they examined the physical constitution of 
Betelgeux and Aldebaran, and after these 
of Sirius. Sir William Hug;gins was the 
pioneer in this work of searching investiga- 
tion of the spectra of individual stars, which 
has revealed entire new worlds of knowledge 
to the astronomer. For long he worked 
almost alone in this field. Donates experi- 
ments, though earlier in date, were un- 
successful because his apparatus was unsuit- 
able to the work. Secchi, who was working 
at stellar spectroscopy at about the same 
time as Huggins, made no detailed examina- 
tion of special stars, but swept rapidly 
through the heavens in search of general 
results. The careful analytic methods of 
Huggins, which were quite new to astronomy, 
resulted in establishing a general similarity, 
and many profoundly interesting differences, 
between the sun and the other stars. 

The next spectroscopic discovery by 
Sir William Huggins was ofr epoch-making 
importance. He was examining, in August, 
1864, a planetary nebula in Draco, and found 
that it gave a " bright-line ” spectrum, thus 
proving its gaseous nature. Fight other 
nebula* which he then examined gave* 
similar results ; and in i8b8 the Orion nebula 
was found to yield a spectrum which showed 
its gaseous constitution, and that it con- 
sisted largely of hydrogen, a fact which 
confirmed the latest belief of Sir William 
Herschel. The Andromeda nebula, on tin 
contrary, gave a continuous spectrum. 
These discoveries were of immense import- 
ance in clearing away the difficulties in the 
way of the nebular hypothesis. 

Several new stars now came under the 
test of the spectroscope in the hands of Sii 
William Huggins. In 1886 he examined the 
“ nova ” in Corona Borealis, and in 1891 the 
brilliant new star in Auriga. He found that 
these sudden visitants were distinguished 
from ordinary stars by the presence ot 
certain extremely significant bright lines in 
their spectra, showing evidence of a con- 
flagration of hydrogen on a stupendous 
scale. He was thus enabled to pronounce 
authoritatively on the nature of thi" 
phenomenon. “ The case is,” he says, 44 flint 
of the casual near approach of two bodies 
previously possessing considerable velocities 
in space, such a near approach being fm 
less improbable than an actual or part in I 
collision. Enormous disturbances of a tidal 
nature would inevitably follow such ap- 
proach, and produce sufficiently great 
changes of pressure in the interior of the 
bodies to cause tremendous eruptions from 
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within, similar in kind to solar outbursts, 
hut immensely greater.* * 

The most important of all Sir William*s 
discoveries was, however, his adoption of 
spectroscopic methods for determining 
stellar motions in the line of sight. The 
method resulted immediately in most 
momentous results. Sirius first, and many 
uther brilliant stars afterwards, were found 
to have extremely rapid movements either 
towards or away from the earth. Many 
years will pass before the uses of this 
method have been exhausted. 

Sir William Huggins was also a pioneer in 
the photography of stellar spectra. After 
several vain atempts, he succeeded, in 1879, 
in obtaining photographs of several of these ; 
and in 1882 photographed the solar coronal 
rays, though his success on this occasion 
was never repeated. 

By all these indefatigable researches, Sir 
William Huggins ranks among the greatest 
of astronomers ; and he was undoubtedly 
the founder of the modern science of astro- 
physics. He was honoured with all kinds 
of distinctions, at home, on the Continent, 
and in America. In 1900 he was President 
of the Royal Society, and for many years 
President of the Astronomical Society. He 
was one of twelve chosen as the first 
members of the Order of Merit in 1902. He 
died in London on March 12, 1910. 

In 1875 Sir William Huggins married 
Margaret Murray, who was already a keen 
.student of the heavens ; she became his sole 
assistant, and all his papers after their 
marriage were signed by both. In 1901 
Lady Huggins was elected honorary member 
of the Royal Astronomical Society. 

CHRISTIAN HUYGENS 
A Great Astronomer who Made Clocks and 
Telescopes 

After the death of Galileo and of Kepler, 
and before Sir Isaac Newton rose to fame, 
there is an interval during which Huygens 
stands out as by far the greatest astronomer 
of his day. Born at the Hague on April 14, 
1629, Christian Huygens de Zuylichem be- 
longed to a wealthy and distinguished family. 
His father was secretary and adviser to three 
successive Princes of Orange, and his elder 
brother, Constantine, succeeded to this 
Responsible office, and came over to England 
in 1688 with William of Orange. 

Christian showed early signs of a very 
remarkable mind, and his father, as was 
usual in those days, educated him as rapidly 
und widely as possible. The boy was 
uistructed m music as well as in the literary 
Objects which were customary at the 


period, and at the age of thirteen he was 
introduced to the construction of machines, 
an occupation for which he gave evidence of 
extraordinary ability. At sixteen years he 
was sent to Leyden to study law, and twelve 
months later to the University of Breda, 
where he plunged into mathematics, which 
always remained his favourite study. His 
first mathematical essays brought him to 
the notice of Descartes. 

On leaving the university, in 1649, he 
travelled with the Count of Nassau, and 
on his return to Holland set to work with 
enthusiasm on the most abtruse mathe- 
matical problems and on the mechanical 
inventions which are his chief title to fame. 
He published treatises on the quantities of 
the parabola and other geometrical figures, 
and at the same time began to grind and 
polish lenses for large telescopes, and 
became, as Herschcl afterwards became in a 
supreme degree, the maker of instruments 
superior to any others which existed at the 
time. It was with a twelve-foot telescope 
of his own handiwork that he not only 
discovered,* in 1656, a sixth satellite of 
Saturn, known as “Titan,” but determined 
the period of its revolution. 

In the following year Huygens succeeded 
in constructing the first entirely self- 
regulating clock. Before that time, although 
the pendulum had been applied to the 
measurement of time, the lack of a reliable 
escapement had made a wholly automatic 
timepiece impossible. The new invention 
immediately revealed its extraordinary 
value in astronomical work and in the 
determination of longitudes, and Huygens 
drew up a system of “ Instructions ” for 
workers who wished to use the clock or 
chronometer in findng the position of 
places on land or sea. For all his remaining 
years he worked at timepieces with great 
enthusiasm, and brought the art of horology 
to very considerable development. 

It would be impossible even to enumerate 
the many astronomical discoveries which 
Huygens initiated, but certainly his most 
illustrious observations were those by 
which he first understood the nature of 
Saturn’s rings That planet had been a 
most baffling puzzle to astronomers ever 
since the telescope had revealed its ap- 
parently triple form, for Saturn changes 
remarkably in appearance according as the 
rings are viewed edgewise — when they 
disappear, except to the most powerful 
telescopes — or are seen more or less in 
face. Having by far the best optical 
instrument of his age, Huygens was able^ 
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in 1656, to announce the true relation of 
Saturn and his rings, though he was not 
able to separate the ring-system into its 
component members. In the curious 
fashion of his generation, he published his 
discovery of the Saturnian system in an 
anagram, and at the same time gave to the 
world, in the same cryptic way, his dis- 
covery of Titan. The key to these crypto- 
grams was issued three years later, in a 
book entitled “ The System of Saturn,” 
wherein the whole matter, so far as at that 
time disclosed, was clearly set forth. The 
same volume records other important 
astronomical observations. For example, 
Huygens describes the bands on Jupiter, 
the principal markings of Mars, and the 
Orion nebula. He was able also to define 
the very significant fact that, even in the 
largest telescopes, the stars, as distinguished 
from planets, have no diameter, but are 
mere points of light without dimensions. 

From this discovery he very naturally 
turned to the determination of the diameters 
of the several planets, and invented an 
instrument for the purpose. This, as 
modified later, became the micrometer 
which is used in modern observatories. 
It should be said, however, that a previous 
worker in the same field, Gascoigne, who 
was killed at the battle of Mars ton Moor, 
in 1644, had constructed a true filar micro- 
meter, but the invention remained un- 
known for many years afterwards. 

Christian Huygens, who had visited 
France in 1O55, returned thither in ibbo, 
and crossed over to England in the following 
year. He was received in our own land with 
much enthusiasm, and taught British 
workmen the art of making and polishing 
lenses. He. became quite enamoured ot 
London, and in ibb % ) brought over his 
father to reside here, and t lie two were 
accorded a very honourable reception by 
the Royal Society, of which Huygens be- 
came a member. “it was a time of general 
scientific revival, and the French Academy 
of Sciences, which was being founded about 
the same time, persuaded Huygens to take 
part in its direction, offering him at the 
same time princely remuneration. He 
acceded to their request, and remained in 
Paris until the year 1681, when he resigned 
his position on account of failing health, 
and returned to his native Netherlands. 

To a man of this type, Sir Isaac Newton’s 
“ Principia,” which he secured in 1689, 
was, of course, a revelation and a supreme 
delight. His first impulse was to cross the 
Channel once more, and get to know the 
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author of the great book ; and, having done 
so, he wrote and published two important 
works, under the influence of Newton, on 
light and on weight respectively. But he 
was now coming near to the end of his 
time. His. last illness began early in 1695, 
and on July 8 of the same year he died. 

Huy gen’s work was much more copious 
than can be even suggested by this brie! 
notice. He had few equals in higher mathe- 
matics, and some have even placed him 
on a level with Newton. He was a great 
expounder of the differential calculus, 
initiated by Pascal, but still at this time 
generally unknown. Another important 
work dealt with the movements resulting 
from percussion, being an inquiry closely 
related to the modern science of ballistics. 
Sir Isaac Newton went out of his way to 
praise the Dutch scholar’s style and 
methods of mathematical exposition, and 
paid him the great compliment of confessed 
imitation. A lighter and more fanciful late 
work of Huygens is entitled “ Cosmo theoros,” 
consisting of conjectures on the physical 
constitution of distant worlds and their 
inhabitants. It is an ingenious essay in a 
kind of speculation which has attracted 
many astronomers and theologians, and 
even the modern novelist, but has rather 
less than no value. 

Christian Huygens was never married. 
Like Newton, and not a few other great 
mathematicians, he was wholly absorbed 
in his work. Although forced in some 
degree into public life, he always desired 
above all things a peaceful and contem- 
plative seclusion. 

JOHANN KEPLER 

Discoverer of the Unity of the Solar System 

The vast labours of Tycho Brahe, one nt 
the greatest astronomical observers who 
ever lived, had amassed an enormous 
wealth of detail, gained by systematic 
and unwearied observation. But from the 
speculative point of view, Tycho’s work 
had the single effect of depriving men <>t 
all their formerly accepted theories of t In’ 
construction of the universe. The faFc 
ideas had been shattered, and huge material" 
had been collected towards the building «>i 
true science. But Tycho, who rejected the 
Copernican theory, was not the man t > 
conceive the architectural design which \\\i" 
soon to unite and give meaning to all Ih" 
observations. Yet the man, though he 
knew it not, was there in the person "1 
one of his assistants. There has rarch 
been a happier concurrence of circumstance" 



GROUP 7— DISCOVERERS OF THE UNIVERSE 


than that which brought together the two 
great minds of Tycho Brahe and Johann 
Ivepler. The former, who has been styled 
the “ King of Astronomers,” was a wondcr- 
lul observer, but Kepler, who possessed 
one of the greatest mathematical minds of 
any age, could do little or nothing in that 
way. It was partly due to physical in- 
firmity. Kepler was a weakly, ill-nourished 
man, and his eyes were easily fatigued. It 
is pleasant to remember that Kepler, who 
struggled through all his years against 
poverty, anxiety, and ill-health, wa* 
generously assisted by the princely Tycho, 
to whom, in his turn, Kepler always gave 
most generous honour. 

Born at Wicl, in Wurtcmburg, on De- 
cember 2T, 1571, Johann Kepler was tin* 
son of an army officer who was reduced 
to desperate poverty by the old mistake 
of becoming surety for a friend. Seeking 
a way out of his difficulties, the father 
took to keeping a tavern, and at the age 
of nine years the immortal Johann was 
removed from school in order to serve as 
a potboy. Fortunately, after three years 
of this unsuitable life, the studious, delicate 
lad was received into a monastery school, 
whence he proceeded, in 158c), to the 
University of Tubingen. Here lie studied 
mathematics, and was introduced to the 
Coporniean theory of the solar system. 
Its truth broke upon his mind like a new 
life, and henceforth he had no desire so 
constant or so keen as the enthusiastic 
devotion to this novel and wonderful 
vision of the heavens. He graduated honour- 
ably, and was appointed, in 1504, to a very 
poorly paid mathematical position in Styria. 
Two years later his first work was pub- 
lished, in the form of a very lucid and 
t lonely reasoned argument in support of 
Hu* Copemiean theory, which was at that 
time a quite debatable matter. In this 
work he attacked the problem of his life - 
tlu 1 harmonious unity which, as he was 
‘onvinced, bound together all the members 
»>l t lie solar system. 

It was entitled the “ Mysterium Cosmo- 
Kraphicum.” Kepler sought, herein to find 
•1 Jaw of relation between the number of 
tin* planets, their periods of revolution, 
•out their relative distances from the sun. 
Having tried in vain to discover a simple 
uitio, and then a trigonometrical function, 
vhich should explain these distances, he 
conceived a peculiar hypothesis of five 
Aguiar solid spheres separating the six 
spheres of the planetary orbits, and worked 
n 'it this conjecture at great length and 


with much fantastic reasoning. He was 
satisfied, so far, with his extravagant 
theory, but was still not content with the 
calculations which Copernicus had given 
with regard to the mean distances and 
eccentricities of the planets, and desired 
to obtain more reliable figures .in order that 
he might give a more complete demon- 
stration to his novel system. As everyone 
knew, the only living man possessed of 
the necessary observations was the great 
Tycho Brahe, who had at that time a 
reputation which it is impossible to over- 
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estimate. To him, therefore, Kepler ap- 
pealed. He received a most friendly reply, 
inviting him to come and join Tycho, and 
make unrestricted use of all his material. 
In the year 1600, therefore, Kepler became 
Tycho’s guest at the castle of Benatskv, 
and there began his long and fruitful re- 
searches into the problem of the orbit of 
the planet Mars. 

In the early days of 1601 he became 
Tycho's assistant, and on the death of 
the great man, in October of the same 
year, was appointed his successor as imperial 
mathematician to the Emperor Rudolph 
at a good salary, which was, however, 
somewhat difficult to get out of the treasury. 
The study of Mars, which he had already 
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begun, occupied Kepler for four years more ; 
but finally, after countless wrong guesses 
and an enormous amount of labour, the 
solution was attained. In 1602 he had 
come to the conclusion that the orbit was 
oval in form, but soon perceived that this 
hypothesis did not satisfy all the data 
which had been observed. In December, 
1604, he wrote to his friend David Fabricius, 
the astronomer, announcing that he had 
ascertained the orbit to be a perfect ellipse. 

This discovery marked a new epoch in 
astronomy. It was the abandonment of the 
principle of circular motion, which had 
previously been taken for granted as 
universal in all heavenly bodies. From 
the discovery of this fact, Kepler proceeded 
with characteristic enthusiasm to the en- 
deavour to account for it. He believed 
that a constantly acting force was necessary 
to maintain a constant motion, because the 
principle of inertia was as yet unrealised. 
He supposed that this force emanated from 
the sun, and moved round with the sun in 
a circular stream, and that the diminishing 
velocity of the outer planets was due to 
the weakening of this force with increasing 
distance from the sun. He explained the 
elliptical form of planetary orbits as due to 
magnetism. “ The planets," he said, " are 
magnets, and are driven round by the sun 
by magnetic force, but the sun alone is 
alive.” The idea of gravity as accounting 
for the motions of the celestial bodies never 
occurred to him at all. 

Kepler’s studies of the orbital movement 
of Mars revealed, however, his two first 
“ laws,” which are of primary importance. 
They are as follows. First, planets move in 
ellipses, with the sun in one focus of the 
ellipse ; and, secondly, the radius vector, 
or the line joining the sun and the planet, 
sweeps over equal areas in equal times. 
These laws were published in his second 
book, which contained the whole statement 
of his theory of planetary motion, and was 
called ” De Motibus Stellse Martis.” The 
title, however, gave the credit of the work 
to Tycho’s observations, for it continued, 
“ Ex observationibus G.V. Tychonis Brahe.” 
This illustrious book ranks, with the “ De 
Revolutionibus ” of Copernicus and the 
41 Principia ” of Newton, above all other 
astronomical works. Its manuscript was 
completed in 1607, and the book was 
published in the year 1609, in which year 
Galileo discovered the telescope. 

Unfortunately for Kepler, the Emperor 
Rudolph died in 1612, and the imperial 
astronomer lost all hope of retrieving the 
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arrears of his salary, and of obtaining the 
additional help which he had asked in 
order to investigate the motions of the 
other planets. This misfortune was fol- 
lowed by a series of domestic afflictions. 
His three children took smallpox, of which 
only two recovered, and at the same time 
his wife died of a nervous affection. 
Greatly disheartened, Kepler resigned his 
imperial appointment, and went with his 
two little children to Linz, where he under- 
took the duties of 11 provincial mathema- 
tician.” He fell into great poverty, and 
was compelled to supplement his meagre 
salary by the practice of astrology, although 
he held this superstition in the contempt 
which it deserved. 

At Linz, Kepler set to work on a very 
ambitious treatise, which was to be called 
“ Hipparchus,” but was never completed. 
He turned from this to a more elementary 
work, “Epitome Astronomiae Coperni- 
canae,” which was published in the years 
1618 to 1621. This book deals very fully 
with the movements of the moon, and 
applies the laws which had been discovered 
for Mars to the orbits of all the planets. 

Kepler’s most attractive work is un- 
doubtedly the book “ On Celestial Har- 
monies,” published in 1619, and dedicated 
to King James of England. Herein lie 
completed his theory of cosmic harmony, 
which had already been foreshadowed in 
the “ Mysterium Cosmographicum.” It was 
in pursuit of this sublime idea that he had 
sought the assistance of Tycho. The cor- 
rected observations which he then obtained 
failed to supply him with a harmony in the 
distances of the planets, so he had to seek 
it, and ultimately found it, in their motions. 
It is notable that his true scientific faith 
insisted on harmony, and rejected or 
abandoned all that was not harmony. The 
book is full of very fantastic speculations, 
but Kepler’s unerring devotion to the 
harmony of the universe, and his insatiable 
thirst to arrive at its source, were responsi- 
ble for the prodigious discoveries by which 
he rejuvenated astronomical science and 
cleansed the Copernican system from the 
remains of superstitious nonsense from 
which it had not yet been disentangled. 
This book on “ Celestial Harmonies ” pro- 
mulgated the third of Kepler’s laws, “ That 
the square of the time of revolution of each 
planet is proportional to the cube ol it* 
mean distance from the sun.” 

A less important but even more laborious 
work was published in 1627. This con- 
sisted of new planetary tables, the “ Tabula? 
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Rudolphinae,” whose compilation had taken 
up years of arduous calculation. On the 
title-page of this book Kepler states — and 
the history of astronomy fully endorses 
his claim — that its pages constitute “ the 
restoration of astronomy, conceived and 
carried out by the Phoenix of astronomers, 
Tycho.” It was altogether characteristic 
of Johann Kepler that he gave all the 
honour to another, and sought nothing 
(or himself. 

Kepler’s ideas of the infinity of stars 
beyond the solar system were not much in 
advance of those which were at that time 
generally accepted. He believed ?.that the 
fixed stars were set in a solid sphere, and 
that the centre of this sphere was our sun. 
This starry sphere, or shell, was two German 
miles in thickness, and the Milky Way was 
spangled on its inner surface. Within this 
all-enclosing shell was the “ ethereal air,” 
the medium through which the planets 
move. The comets consisted of condensa- 
tions of this air, which, impelled by a force 
from the sun, moved more or less like living 
creatures through the ether until they 
became dissolved by the heat of the sun. 

Kepler died on November 15, 1630. His 
labours and his insight had revealed the 
solar system in all its simplicity, and had 
for the first time linked together all its 
members by the law relating their distances 
to their periods of revolution. 

OMAR KHAYYAM 
The Poet who Reformed the Calendar 

Omar Khayyam is known to all for the 
philosophic sadness of his haunting verse, 
but it is not so generally realised that he 
was probably the ablest astronomer of his 
age, and held a public position which very 
nearly corresponded to that of our Astro- 
nomer Royal. It is fairly plain that a great 
astronomer and a great poet did not really, 
as some of his critics would have us believe, 
live for the pleasures of wine. No one 
would set a mere boon companion to work 
<>n the reform of the calendar, yet that 
was Omar’s achievement. 

In the latter half of the eleventh century 
of our era the rulers of Persia were served 
by an extremely able and zealous vizier, 
whose name was Nizam-ul-Mulk. When 
the vizier died he left a memoir, or testa- 
ment, for the guidance of those who should 
he called, after his own death, to be coun- 
sellors of princes, and in these pages he 
tells the story of Omar. These two, and a 
third, were drawn together in ardent 
iriendship, as is the way of youth, and they 


agreed one day that if any of the thiee 
should attain to rank and fortune he should 
afford protection and abundance to the 
others. In the course of time Nizam-ul- 
Mulk was advanced, as we have seen, to 
high office of state, and his old friends were 
not long in seeking him to claim the fulfil- 
ment of, the boyish vow. The vizier was as 
good as his word. One of the friends, 
Hasan, asked and received a good political 
appointment, became ungrateful and ambi- 
tious, set up on his own account as a robber 
chieftain, became to all Crusading Europe 
a name of terror as the “ Old Man of the 
Mountains,” and finally achieved an im- 
perishable monument in the world’s dic- 
tionary, his name being fossilised in the 
dreadful word “ assassin.” 

The tale of Omar is pleasanter. By early 
trade a tentmaker, which is the significance 
of “ Khayyam,” Omar, in his turn, sought 
the fortunate vizier. This was his modest 
request. “ The greatest benefit which you 
can confer on me,” he said, “ is to let me 
spend my days in some corner, under the 
shadow of your good fortune, to spread 
abroad the value of knowledge, and 
to intercede for your long life and 
prosperity.” 

The vizier ordered him a lavish pension 
from the treasury, and Onjar soon had a 
vast reputation for learning, and especially 
for astronomy. Together with seven others, 
Omar was entrusted with the reform of the 
calendar, and their labours were so accurate 
that their computation of time was far 
superior to that of the Julian calendar. 
Omar further wrote a work on algebra, of 
which a French translation exists, and 
compiled also some very comprehensive 
astronomical tables. 

But it is as a poet that Omar lives. There 
is in his incomparable verses, incom- 
parably translated, a whimsical, elusive 
mockery which stands quite alone in litera- 
ture. His lines, as Fitzgerald has given 
them to us, take us through some strange 
region that is not wholly thought nor wholly 
music, but blends all modes of gaiety and 
sorrow, belief and unbelief, despair and 
certitude, sense and spirit. Omar forecasted 
that his tomb would be in a spot where the 
wind would cast roses over it. “ When I 
revisited the neighbourhood,” says one oi 
his pupils, " I went to his final resting-place, 
and, lo ! it was just outside a garden, and 
trees laden with fruit stretched their boughs 
over the garden wall and dropped theii 
flowers upon his tomb, so that the stone 
was quite hidden.” 
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WILLIAM PENQELLY— E XPLORF.K OF 
DEVONIAN CAVES 

SIR JOSEPH PRESTWICH— DEFENDER OF 
THE ANTIQUITY OF MAN 

ROLLIN D. SALISBURY— AN AMERICAN 
LEADER IN GEOLOGY 

ADAM SEDGWICK— AN EXPERT IN STRA- 
TIFICATION 

WILLIAM SMITH— THE FATHER OF' ENG- 
LISH GEOLOGY 

WILLIAM JOHNSON SOLLAS — GEOLOGY 
THROUGH THE MICROSCOPE 

WILLIAM PENGELLY 
Explorer of Devonian Caves 

W illiam Pengelly, born at Looe, on the 
southern Cornish coast, on January 
u, 1812, was the son of a coasting skipper ; 
and after attending an elementary school 
until the age of twelve he sailed with his 
lather, with a view to following the life of 
the sea. But, having a keen desire for know- 
ledge, he contrived to educate himself, so 
that he was able in 1836 to open a school in 
Torquay. Here his ardour for Nature 
aroused and organised local interest, and he 
succeeded in founding a Mechanics’ Institute, 
the Torquay Natural History Society, and. 
in 1862, the Devonshire Association for the 
Advancement of Literature, Science, and 
Art. In later years, having no longer the 
care of a school, he lectured on geology and 
archaeology in Torquay, and in other towns 
throughout England. The Baroness Burdctt- 
Coutts took a great interest in his work, and 
presented his collection of Devonshire fossils 
to the museum at Oxford. 

Pengelly’s most valuable contributions to 
'deuce consisted in his patient and minute 
explorations of Devonshire deposits and 
eaves, which proved beyond question that 
the human race existed at a very remote 
period, when several great mammals, which 
have long been extinct, roamed over the 
neighbourhood where he lived. Thus, 
Brixham Cave, and Kent’s Hole, at Torquay, 
'vc re subjected to a most searching examina- 
tion, extending, in the latter case, from 
i 8(>5 to 1880, with the result that stone 
! instruments and weapons, fashioned by 
| human hands, were found, together with a 
huge accumulation of the bones of the cave- 
hear, sabre-toothed tiger, cave-lion, woolly 
rhinoceros, mammoth, and other pre- 
historic beasts. He also discovered a great 
deposit . of fossil plants at Bovey Tracey. 
Hri scientific papers, especially on the 


HENRY CLIFTON SORBY— THE FOUNDER 
OF PETROLOGY 

EDUARD SUESS— THE GREATEST LIVING 
PHYSIOGRAPHER 

ABRAHAM GOTTLOB WERNER —THE FOR- 
MATION OF ROCKS IN WATER 

HORACE BOLINGBROKE WOODWARD 

GEOLOGY AND WATER-SUPPLY 

KARL ALFRED VON ZITTEL-A FAMOUS 
PALEONTOLOGIST 

antiquity of man, are numerous. Pengelly 
was admitted a Fellow of the Royal Society 
in 1863. He died at Torquay, the scene of 
all his labours, on March 16, 1894. 

SIR JOSEPH PRESTWICH 
Defender of the Antiouity of Man 

Joseph Prestwich was the son of a 
London wine-merchant who belonged to 
old Lancashire family. He was born at 
Clapham on March 12, 1812. His education 
was of an extraordinarily varied kind. At 
five he was sent to a private school, and at 
thirteen to Paris for two years, having been 
to two other schools in the meantime. On 
his return he was for two years at school at 
Norwood, and for two years at Reading 
under Richard Valpy. In 1828 he entered 
University College, London, his taste for 
geological studies being already strong. 
But there was little instruction provided at 
the time in natural science. One course of 
lectures in mineralogy, included in the 
teaching of chemistry, was all that was 
available. Prestwich, however, had the 
collections in the British Museum near at 
hand. The following year he entered his 
father’s business, and for many years 
most of his days were absorbed in com- 
mercial duties. His spare time was all given 
to his favourite science ; hours were taken 
from sleep in order to pursue it, and the 
necessary books were purchased by over- 
spare living, and both these practices told 
upon his health in later life. 

The first fruits of his studies were two 
papers contributed to the Geological So- 
ciety, one on the Gamrie Ichthyolites ; the 
other, and more important, on the coalfield 
of Coalbrookdaie, Shropshire. This second 
paper was the result of holiday expeditions 
m 1831 and 1832, and at once established 
his name as a geologist. Immediately after- 
wards he set to work with enthusiasm and 
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perseverance upon the studies which re- 
sulted in his most valuable scientific labours 
— on the Eocene and Pliocene deposits. 

In 1842 the father retired from business, 
and the son took his place. Though for 
thirty years most of Prestwich’s time was 
taken up in the conduct of the business, he 
pursued his geological investigations and 
continued to produce valuable papers. From 
1851 to 1888 he published a long series of 
important memoirs on the Eocene strata of 
England, and the corresponding strata of 
the Continent. The Pliocene formations 
were studied simultaneously, but the con- 
clusions Prestwich had formed were not 
published until the year 1871. 

The study of palaiontology was always 
the chief interest of Prestwich. In 1859, * n 
company with Sir John Evans, he investi- 
gated the deposits of the valley of the 
Somme, and conclusively demonstrated 
that the flint implements found here, 
together with fossil mammalia, were the 
handiwork of men who lived at the same 
time as the extinct animals. This was an 
achievement of vast importance, carrying 
backward, as it did, the life of man to far 
higher antiquity than had previously been 
generally understood. 

In 1851 Prestwich had published a book 
dealing with the water-bearing strata in the 
vicinity of London, and afterwards did 
great public service in the study of water- 
supply. In 1869 he was appointed a member 
of the Metropolitan Water Supply ; and, 
soon after accepting the Chair of Geology 
at Oxford, he secured for that city a 
greatly improved service of water. He was 
also a prominent member of the Royal 
Coal Commission of 1866. 

In 1870 Prestwich was President of the 
Geological Society, but he craved for rest, 
and his health suffered from the continual 
strain of a heavy life. In 1872 he was able 
to retire from business to his country house 
near Shoreham, in Kent. Two years later; 
however, he accepted the professorship of 
geology at Oxford, and, though over sixty 
years of age and quite unused to teaching 
and public speaking, set to work resolutely 
to acquire these arts. He vacated the Chair 
in 1888, and retired to the country, devoting 
himself entirely to scientific investigation 
and the preparation of several admirable 
books. The most important of these was his 
11 Geology, Chemical, Physical, and Strati- 
graphicaf.” He died on June 23, 1896, and 
was buried at Shoreham. 

Prestwich received various honours from 
the University of Oxford, and was a Fellow 
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of the Royal Society, and other English and 
foreign learned bodies. He was awarded the 
Wollaston medal of the Geological Society 
in 1849 f° r his work on the Eocene deposits, 
and the Royal medal of the Royal Society 
in 1865 for his researches on the antiquity 
of man. His knighthood dated from 1890. 
He received the Telford medal of the Insti- 
tute of Civil Engineers in 1874 for a work 
“ On the geological conditions affecting the 
construction of a tunnel between England 
and France.” In the same year he published 
an important work “On" Deep-Sea Tem- 
peratures,” from the results of observations 
carried out from 1749 to 1868. Sir Joseph 
Prestwich is a striking examples of what a 
man engaged in the ordinary business of 
the world can accomplish out of sheer 
enthusiasm for science. 

ROLLIN D. SALISBURY 
An American Leader in Geology 

Professor Salisbury, one of the most 
brilliant of the American geologists who 
have, in the present generation, created the 
science of physiography, which deals with 
the surface features of the earth, was born 
at Spring Prairie, Wisconsin, on August 17, 
1859. He graduated at Beloit College in 
1881 and 1884. After acting as tutor for a 
year be became Professor of Geology at 
Beloit in 1884, and worked there until he 
was appointed, in 1891, to the Chair of 
General and ( Geographic Geology in the 
University of Wisconsin. Since 1892 he 
has occupied the Chair of Geographical 
Geology in the University of Chicago, and 
since 1899 has been one of the University 
deans. 

Professor Salisbury has been a member 
of the United States Geological Survey 
since 1882, for twelve years as assistant, and 
since 1894 as head of the glacial division. 
Since 1891 he has also had the direction of 
the Pleistocene division for New Jersey. His 
studies have not been altogether confined to 
America, for during his professorship at 
Beloit he spent a year at Heidelberg ami 
other European centres of learning. Hi* 
most important works, however, deal with 
features observed in the United States. 

In 1909, in an important paper on “ The 
Physical Geography of the Pleistocene,’’ 
Professor Salisbury made a study of great 
interest on the effect of altitude on climate, 
and therefore on geological processes, doing 
justice, for the first time, to the increased 
erosion in high altitudes. He shows, how- 
ever, that the decay of rocks, accelerated by 
increased altitude, is diminished, on the 
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other hand, by the lowering of the tempera- 
ture and by the protection of surfaces with 
sheets of ice. 

In his valuable textbook of “ Physio- 
graphy/' published in 1907, Professor 
Salisbury defines the science which he has 
made his own : “ Physiography has to do 
primarily with the surface of the lithosphere, 
and with the relations of air and water to it. 
Its field is the zone of contact of air and 
water with land, and of air with water." 
Me distinguishes also between geology and 
physiography : “ Geology has to do with 
the history of the earth, while physiography 
lias to do only with a late chapter of that 
history." Professor Salisbury is joint author 
' with Mr. Chamberlin of a valuable work 
entitled “ Geologic Processes." 

ADAM SEDGWICK 
An Expert in Stratification 

Adam Sedgwick was born on March 22, 
1785, at Dent, in Yorkshire, where his 
lather was a curate. This little country 
town, then thriving and unspoiled, remained 
to the end of his life Sedgwick's supreme 
love. After many years of absence, lie 
revisited it as an old man, and was chilled 
by the lack of the old familiar greeting by 
his Christian name — the new inhabitants 
used a more ceremonious address, which 
proved him a stranger in his own country. 
The figures associated with its antique, 
picturesque life were always vividly in his 
memory, and he would often describe them 
at the many convivial gatherings in which 
he delighted. 

Until the age of sixteen, Sedgwick received 
his education at Dent Grammar School, of 
which his father had become liead-mastcr. 
He was then sent to Sedbcrgh, and in 1804 
to Trinity College, Cambridge, which he 
entered as a sizar, lie graduated in 1808 
as Fifth Wrangler, and two years later was 
made a Fellow of his college. He worked 
very hard at college, tutoring and reading 
at the same time, and the strain began soon 
to tell upon his health. In 1813 he had to 
K r ive up work for two years, but after that 
interval of rest took up his tutoring again. 
In 1816 lie received ordination. 

In 1818 the professorship of geology at 
Cambridge became vacant, and Sedgwick 
was elected to fill it, though he knew little, 
and cared little, about the subject, while 
die other candidate was an accomplished 
geologist. Much ill-feeling was aroused by 
die choice, which was very naturally put 
down to personal interest, but this * charge 
was certainly unfounded. The choice was 
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determined by the strong character and 
personal power which, even at that age, 
were evident in Sedgwick. The young man 
immediately set to work to acquire first- 
hand knowledge of his subject, and worked 
hard at it all his life ; and there is little doubt 
that no one has ever done more for the study 
of natural science at Cambridge than he was 
able to do by enthusiastic concentration. 

Geological science was at that time very 
little known or studied in England. The 
pioneer work of Hutton, William Smith, 
and others had been developed only by 
French and German students. The vague- 
ness of the ideas which prevailed in those 
days may be estimated from the general 
belief that all fossils were the result of the 
Mosaic Deluge, and that all geological strata 
owed their origin to the same Flood. Sedg- 
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wick's patient, persevering labours, his 
untiring services as observer, teacher, and as 
a courageous advocate of scientific progress, 
were of inestimable benefit to the advance of 
the science. His first geological expedition 
was in Derbyshire. After this he studied 
the rocks of Devon and Cornwall, and in 
1820 read a paper to the Cambridge Philo- 
sophical Society, which may be considered 
as the beginning of his work on the Devonian 
rocks. He already realised that the theory 
of a simultaneous origin for all fossils was 
quite absurd ; as, for instance, the fossils 
which he found in the Plymouth corals 
were manifestly older than those of the 
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Limestone, and were, moreover, of a totally 
different character. 

In 1829 Sedgwick travelled with Murchi- 
son in the Austrian and Bavarian Alps, 
making detailed studies of the stratigraphy 
of the district, and in 1831 they carried out 
similar investigations in Wales. Their re- 
searches were then continued in the Devon 
and Dartmoor district, until in 1839 they 
published their classification of the transi- 
tional strata between the crystalline schists 
and the coal-measures. The upper series, 
examined by Murchison, were called by him 
“ Silurian/' and he divided them into Upper 
and Lower ; below these came the series 
specially studied by Sedgwick, and called 
by him Cambrian ; and a third newly 
identified system of strata received the name 
of “ Devonian." In order to assure them- 
selves of the real independence of the 
“ Devonian ’’ system, Sedgwick and Murchi- 
son in the same year made a journey on the 
Continent, and succeeded in establishing 
beyond doubt the existence of a distinct 
system in Germany and Belgium correpond- 
ing to the British Devonian. Murchison’s 
further researches on the Palaeozoic forma- 
tions led him to the conclusion that 
Sedgwick’s Cambrian system was not at all 
distinct, but was a part of the Silurian, and 
this result he published in 1842. Sedgwick 
convinced of the accuracy of his classifica- 
tion, and grievously hurt by Murchison’s 
denial of it, set out on more elaborate 
investigations, and in 1852 produced further 
results in support of his views. The contro- 
versy lasted for years, and in point of fact 
Sedgwick’s theory did not receive official 
recognition until after his death. The 
Cambrian system is now recognised as an 
independent geological system found in all 
parts of the world, though the limits of the 
system have been more precisely defined 
since Sedgwick’s day, and have in some 
respects been modified. 

Other important stratigraphical re- 
searches undertaken by Sedgwick were 
those among the older rocks of the Lake 
District, and on the New Red Sandstone of 
the North of England. His work in the 
Lake District was begun in 1822, and 
occupied a great part of his life. Sir Ed- 
ward Sabine says of these labours : “ Per- 
haps no district in the world affords an 
example of one man’s researches begun so 
early, continued so long, and ending so 
successfully as the Lake District to Sedg- 
wick. To his efforts belongs the honour of 
the first unrolling of the long series of 
deposits which constitute the oldest groups 
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of British fossiliferous rocks.” Sedgwicl 
was the first to define the relations of tha 
part of the New Red Sandstone ‘seria 
which is now known as “ Permian/ 
for he succeeded in distinguishing it clearly 
from the strata lying below and above it 
He always maintained the necessity of ; 
detailed examination of the stratification o 
a district in order to the reading of it> 
geological history, for a study of the fossi 
deposits was, he asserted, quite inadequate 
for this purpose. 

Sedgwick’s work at Cambridge was in- 
valuable to the study of natural science 
He got together a geological collection, and 
formed a museum worthy of the uni- 
versity, and with much difficulty secured 
the erection of the necessary building for it. 
He aroused a keen interest in practical 
study, and by unwearied effort gave to tin* 
study of geology a standing in the university 
which it had never had before. He took a 
keen interest in the administrative concerns 
of the university, was senior proctor in 
1827, and held various other responsible 
offices. From 1834, besides his professor- 
ship at Cambridge, he occupied a prebendal 
stall at Norwich. He continued to lecture 
until 1870, and died at Cambridge on 
j anuary 27, 1873. 

WILLIAM SMITH 
The Father of English Geology 

Towards the end of the eighteenth 
century the science of geology was still in 
the embryonic stage, and the truth was 
wrapped in a vast amount of fancy. The 
transition from this stage to the truly 
scientific era was largely due to the work 
of William Smith, who was a pioneer in 
exact observation, and made short work 
of random speculation. He was born on 
March 23, 1769, at Churchill, in Oxfordshire, 
the son of a farmer, and he had no education 
beyond that which the village school was 
able to give. By the age of eighteen he had 
taught himself enough geometry to obtain 
a post as assistant to a land surveyor. 
Being of an observant mind, he gained, in 
the course of his occupation, an intimate 
knowledge of the physical features of Ox- 
fordshire, Hampshire, and the districts 
round Bath and Salisbury. Later he set 
up on his own account as land surveyor and 
civil engineer in London, where he lived i««r 
many years. There he gained a gn at 
reputation as an authority on building-stom\ 
and was, in 1838, consulted with regard to 
the material for the Houses of Parliament 
He died at Northampton on August 28, 18;, 1 a. 
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William Smith was a geologist of very 
varied (^'accomplishments, but his chief 
work lay in his recognition of the unique 
importance of fossils in determining the 
; ,ges of the different English strata, lie 
hit upon the fortunate idea of representing 
these strata and their relations upon a map 
nf England and Wales ; and this map, 
admirable in itself, had the great interest 
of being the first geological map ever drawn. 
His walks throughout the southern counties 
resulted in maps that appeared at intervals 
between 1794 and 1824. The entire map 
which he produced was overcrowded with 
detail, and he was persuaded to prepare a 
.simpler map of smaller size. This ex- 
ceedingly useful compilation was published, 
with explanatory text, in the year 1850. 

Many of the names which Smith intro- 
duced for the various strata have taken a 
prominent place in the vocabulary of 
geology. Mr. Woodward, the historian of 
geology, says of this work : “ There can 
be no doubt of the supreme importance of 
William Smith’s original map of England 
and Wales ; it was a work of genius, planned 
and executed single-handed, the product of 
‘ the pursuit of knowledge under diffi- 
culties,’ and of the application of that 
knowledge. Above all, it was the first 
true geological map of England and Wales.” 

The German geologist Werner had 
alieady gone far in the study of the relative 
aj«es of the rock strata, basing his work, 
however, entirely upon an examination of 
their mineral structure. The novel method 
of determining their period by the fossils 
which they contained, initiated by William 
Smith, proved from the first extremely rich 
in results. Not long after his death, the 
tonnations which he had described for 
England were found to have their equivalent 
in many parts of Europe, and to fill in 
important gaps in Werner’s classification. 

William Smith also set out upon a most 
ambitious work entitled “ Strata Identified 
by Organised Fossils,” but only four 
volumes of this were completed. More* 
familiar to students of the present day is a 
geological section which he prepared, show- 
ing the formations along a line from London 
to Snowdon ; this is often to be met with 
as an illustration in geological textbooks. 
Smith’s work in elucidating the geological 
dructure of England was done with such 
accuracy that no important alteration 
bad to be made in his work. This was 
largely because he confined himself to the 
investigation of facts, and was never 
tempted into general speculations. His 


greatness is due in a large degree to thL 
wise restraint, and he has well been called 
the Father of English geology. 

WILLIAM JOHNSON SOLLAS 
A Student of Geology Through the Microscope 

William Johnson Sollas was born in Bir- 
mingham on May 30, 1849. At an early age 
he was sent to a private grammar school, 
and after seven years to the City of London 
School. Fortunately, chemistry already 
formed at that early date part of the school 
curriculum ; and in this subject, together 
with elementary mathematics, he took great 
delight. After leaving school lie entered the 
Royal School of Mines. The staff at that 
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time included Frankland, Tyndall, Ramsay, 
and Huxley, and to their stimulating teach- 
ing he responded by devoted industry. The 
teacher to whom he owed most was un- 
doubtedly Huxley, whose lectures, by their 
style, method, originality, and philosophic 
spirit, were a liberal education in the widest 
sense. By Huxley’s advice serious attention 
was also given to modern European lan- 
guages, especially German. " Without it,” 
this great teacher said, " you cannot hope 
to become a scientific man.” 

After obtaining his associatcship of the 
' School of Mines, Sollas entered at St. John’s 
College, Cambridge, where he was one of 
the pupils of the Rev. Professor Bonney. 
Though much time was spent in the open 
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air, with geology as an excuse, and much 
that ought to have been devoted to the 
recognised course of studies was spent in 
research, he was able, however, to obtain 
a first class in the final examination. 

On leaving Cambridge, Sollas secured an 
appointment on the Cambridge University 
Extension Scheme, and for five years was 
engaged in lecturing on geology in various 
important manufacturing towns. This work 
was excellent training, inasmuch as it 
brought him into close contact with the 
outside world. 

In 1879 he was appointed Lecturer, and 
afterwards Professor, of Geology and Zoo- 
logy in University College, Bristol, and in 
1882 he was elected to a Fellowship in his 
old College of St. John's. Soon after this 
he left Bristol to accept the Professorship 
of Geology and Mineralogy in the University 
of Dublin, and to the duties of this Chair he 
subsequently added those of Petrologist to 
the Geological Survey of Ireland. 

In 1897 Professor Sollas was appointed 
to the Professorship of Geology and Palaeon- 
tology in Oxford, and the students of the 
science have since shown a remarkable 
increase. The geological collections have 
been entirely reorganised and brought up 
to date, a large sum being spent by the 
university in advancing this work. 

Among Sollas’s earliest scientific work 
may be included a Syllabus of Lectures on 
Geology (1876), which gave a synthetic 
view of the subject not to be found in the 
textbooks of that date. His first special 
investigations were upon the fossil sponges, 
a neglected group, of which very little was 
then known. He succeeded in tracing the 
relations of several of these obscure forms 
with their living representatives, and dis- 
covered at the same time that the siliceous 
skeletons of these and other organisms had 
not infrequently been replaced by carbonate 
of lime, a result so unexpected that it was at 
first stoutly denied. 

Knowledge of this mineral change led 
next to the study of flints, which were 
shown to result from the replacement of 
limestone such as chalk by silica. The living 
sponges then engaged his attention, and his 
account of a particular group (the Tetracti- 
nellida) forms one of the monographs of the 
11 Challenger ” expedition. His last work on 
this special subject is an elaborate article 
on sponges in the last edition of the 
“ Encyclopaedia Britannica.” 

The study of minute bodies, like sponge 
spicules, led him to devise a means of deter- 
mining the specific gravity of these and other 
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microscopic objects. This is known as the 
“ diffusion column ” method. By its means 
the specific gravity of a single foraminifora 
or a single diatom can be ascertained with 
ease and accuracy in a few minutes. The use 
of this method has been extended to the 
study of rocks and organic substances, and 
even to blood. 

In the hope of throwing light on the vexed 
question of Darwin’s theory of coral reefs, 
he proposed to sink a deep boring with a 
diamond drill into Tunafuti, a coral atoll 
in the Pacific Ocean, and was sent out by 
the Royal Society in charge of an expedition 
with this object. Though this first attempt 
failed to bore deep enough, a second, under- 
taken by Professor Edgeworth Davis, 
succeeded, and brought up cores from 
1000 ft. The results are considered to con- 
firm Darwin’s views. 

Professor Sollas now became interested 
in petrography, and showed how new species 
of igneous rocks may be produced by the 
admixture of molten material and pre- 
existing rocks. Such hybrid types were 
shown to have been formed by the passage 
of granite into gabbro near Carlingford, in 
Ireland. Two large volumes on the rocks of 
Cape Colville Peninsula, New Zealand, are 
his last contribution to petrology. 

The internal structure of crystals is a sub- 
ject to which he has devoted much time and 
thought, and he has succeeded in showing 
how the atomic constitution of a mineral 
may throw light on its physical properties. 
He has thus explained the contraction which 
silver iodide undergoes when heated. The 
flow of plastic solids and very viscous 
liquids has been another favourite subject, 
and lie has shown by “ pitch-glaciers ” how 
to illustrate the flow of ice in glaciers and 
the flow of igneous rocks as observed in the 
formation of mountains. 

Sollas has written a good deal on palaeon- 
tological subjects, and has shown by what 
steps the conversion of some ancestral star- 
fish into a sea-urchin was probably accom- 
plished. He has also invented a new 
method for the study of fossils, which agrees 
in principle with that of “ thin slices ” used 
in investigating recent organisms. Some 
remarkable results have been and are now 
being obtained by this method. 

In his address as President to the Geolo- 
gical Society in 1909 he treated of “ Time 
in Relation to Geological Events,” and in 
1910 on “ The Evolution of Man in the 
Light of Recent Investigations.” Of late 
years he has devoted much attention to the 
latter subject, and his monograph on the 
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Gibraltar skull (one of the Neanderthal 
type) is published in the Transactions of 
the Royal Society. His last work on pre- 
historic man, entitled “ Ancient Hunters/* 
contains his latest views on the early history 
of our race. A second edition of this is now 
in preparation, the first having been ex- 
hausted in less than a twelvemonth. 

His views on the " Origin of Fresh- Water 
Faunas/* the “ Pear-Shaped Earth/' " Coral 
Reefs/' and the “ Formation of Flints " are 
published in a collected volume of addresses, 
under the title of “ The Age of the Earth.” 

Professor Sollas has two daughters, both 
of whom took Firsts at Ncwnham, and both 
are interested in science. The elder has 
translated into English Suess’s work on 
“ The Face of the Earth.” and the younger 
has contributed original investigations to 
the Transactions of the Royal Society. 

HENRY CLIFTON SO* BY 
The Founder of Petrology 

Henry Clifton Sorby, one of the most 
distinguished of amateur geologists, was 
born on May io, 182b, at Woodhouse, near 
Sheffield. An ancestor of his had been the 
lirst Master Cutler, and his grandfather had 
occupied the same position. A love of 
scientific study was fostered in him by a 
tutor who had studied medicine, and who 
interested him in chemistry and anatomy, 
it was always a firm belief of Sorby that in 
order to attain the most fruitful study of 
science a man must be absolutely free 
from the anxieties contingent upon earning 
a living— leisure and peace of mind were, to 
his view, essential. He was fortunate 
enough to be himself in easy circumstances, 
which allowed him to pursue his studies in 
freedom. He was in comfortable circum- 
stances, and he never married. 

Sorby's first great achievement is also 
his most famous. This was the application 
of the microscope to the study of rocks. 
The idea of submitting transparent slices of 
rock to microscopic examination had been 
put forward some time before by Nicol, 
but Sorby seems to have been the first to 
undertake detailed studies of minerals by 
this method. In 1851 he published a paper 
containing his first results, “ On the Micro- 
scopic Structure of the Calcareous Grit of 
the Yorkshire Coast,” a work which un- 
questionably initiated the modern science of 
Petrology. In 1858 he published his most 
famous paper, embodying further results of 
the method, “ On some peculiarities in the 
microscopical structure of crystals applicable 
to the determination of the aqueous or 


igneous origin of minerals and rocks.” 
By a comparison of crystals artificially 
produced with the natural crystals, Sorby 
was able to draw reliable conclusions con- 
cerning the origin of different rocks. By his 
careful microscopic examination of crystals 
also he was able to determine conclusively 
the aqueous or volcanic origin of various 
rocks, according to the presence of particles 
which he found included in their substance. 
This microscopic method has been of the 
very first importance to geologists and to 
mineralogists. In 1862 Sorby, on a visit to 
the Rhine country, met Zirkel, who was 
greatly impressed with the novel way of 
examining rock-slices. That eminent geolo- 
gist was chiefly responsible for promoting 
the microscopical method, which was more 
readily welcomed and advanced by French 
and German than by English geologists. In 
the following year Sorby applied a similar 
method to the study of meteoric iron, 
employing artificial preparations of the 
metal in order to determine the origin of 
meteorites. His investigations elucidated 
not only the nature of stones falling from 
the sky, but also produced, in a most un- 
expected way, results valuable to industry. 

From 1879 until within a few years of his 
death, Sorby spent most of his time and all 
the summer months on board his yacht, the 
“ Glimpse,” which was a very complete float- 
ing laboratory. He made a special study of 
the waters surrounding our coasts, and 
especially of the drainage system of the 
Thames. To the end he continued to write 
scientific papers, though for nearly six years 
before his death he was in indifferent health. 
He died on March 9, 1908. Professor Sollas 
says of his last paper, finished very shortly 
before his death, “ It is distinguished by 
acuteness of observation, ingenuity in ex- 
periment, soundness of judgment, fertility 
in suggestion, and not least by a constant 
endeavour to obtain numerical results — the 
same characteristics, indeed, as are to be 
found in all his work.” 

Among his more important papers, besides 
those already mentioned, are “ Slaty Cleav- 
age,” 1853, and “ On the original nature 
and subsequent alteration of mica-schist,” 
1863. Sorby was president of the Geological 
Society in 1878 and 1879. He was generally 
beloved, for he was the most unaffected and 
warm-hearted of men, and kept to the end 
the freshness and fun of a boy. Dr. Sorby 
left a substantial part of his fortune for 
the endowment of a Chair of Geology in 
the University of Sheffield, which he had 
generously helped to establish. 
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EDUARD SUESS 
The Greatest Living Physiographer 

Professor Eduard Suess, the greatest of 
living physiographers, was born in London 
on August 20, 1831, the son of an importer 
of wool. When, however, the great supplies 
of Australian wool began to come into this 
country, the father returned to Prague. 
Eduard was then only three years old, but 
he has always retained an affection for 
London. In 1851 Suess was appointed an 
assistant in the Imperial Museum, Vienna, 
and held this post for eleven years, but 
resigned it in 1862, in order to devote him- 
self entirety to research. From 1857 to 1908 
he occupied the Chair of Geology in the 
University of Vienna. For thirty years he 
was a member of the Austrian Parliament., 
where he was able, in many ways, to serve 
the interests of science. 

The work of Professor Suess for the last 
fifty years has been practically identical 
with the advance of geology. His great 
study has been the history of the develop- 
ment of the existing features of the earth’s 
surface, and the geological principles by 
which these features have been brought 
into being. The results of his researches are 
set forth in his great classic, “ The Face of 
the Earth,” published in three volumes 
between 1885 and 1909, and later translated 
into English by Miss Hertha Sollas. 

Professor Suess was one of the first to take 
a broad scientific view of the modifications 
of the earth’s crust. As early as 1875 his 
wonderfully suggestive book “ The Origin 
of the Alps ” opened up quite a new view 
of these processes. Von Zittel, the historian 
of geology, remarks that Suess in that work 
contested the upheaval of mountains and 
continents by forces acting vertically up- 
ward ; he refuted the active participation 
of eruptive rocks in the origin of mountain- 
chains, and after a brilliant description of 
the most important mountain-systems of 
the earth he demonstrated that any ar- 
rangement of those according to geometrical 
laws was altogether illusory. The prin- 
ciples of mountain-building "are then dis- 
cussed at length, and by the exposition of 
various types of formation it is shown that, 
“ while the first cause of mountain-making 
is the secular cooling of the earth’s crust, 
the precise form of a mountain-chain is 
subject to the modifying conditions intro- 
duced by those ancient and resistant crust- 
blocks ” or old continental forms and 
mountain masses. In “ The Face of the 
Earth,” the present conformation of the 
earth’s surface is traced to earlier movements 
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and foldings. The influences of glaciation 
earthquakes, vulcanism, and other factors 
are fully reviewed in their effect on th( 
Face of the Earth. 

“ According to Suess,” says Von Zittel 
“ ruptures and collapses affecting the whole 
thickness of the earth’s crust, together witl 
tangential folding of the upper horizons 
are the forces to which the earth original!) 
owed its surface conformation. There is 
no such thing as an active or passive 
emergence of portions of the earth’s crust 
in the estimation of Suess, the theory ol 
elevation is a great error. Suess is inclined 
to correlate the grand physical events ol 
the earth’s history with those of the de- 
velopment of the organic world, and thinks 
it possible in this way to erect a natural 
and universal classification of the forma 
tions. For this purpose it is not so much 
the origin of new mountain-systems that 
comes into question as the periodic recur- 
rence of those great pelagic transgressions. 
i.e. floods, whose cause of origin until now 
has not yet been discovered.” The booh 
deals with a vast range of phenomena, 
treated in a most convincing way. 

Professor Suess is a geologist of extra- 
ordinarily wide achievements. He ha^ 
done work of great value alike in palaeon- 
tology and in dynamical geology. Hi.s 
books and papers are far too numerous to 
be named here, but, besides “ The Face ol 
the Earth ” and “ The Origin of the Alps,” 
mention should be made of his “ Palaeon- 
tological Studies ” and “ The Ground of 
the City of Vienna.” His studies of the Alps 
resulted in a renovation of the Vienna water- 
supply, which, on his advice, was brought 
from the Alps over a distance of sixty miles. 

ABRAHAM GOTTLOB WERNER 
The Formation of RocKs in Water 

Abraham Gottlob Werner, the scion of a 
family long connected with the mining 
industry, was born at Wehran, in Saxony, 
on September 25, 1749. After a period of 
work in the mines, he studied mineralogy 
at Freiberg, one of the chief mining schools, 
which was at that time the principal centre 
of geological science. Werner was ap- 
pointed in 1775 curator of the collection of 
minerals, and teacher, in the Freiberg 
School of Mines, and in this position, for 
over forty years, wielded great influence. 

Werner’s influence was chiefly that of a 
teacher. His service to science consisted 
not so much in discovery as in collating 
facts already known, and in presenting 
them in systematic order. By means of 
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the hundreds of students who came from 
all parts to hear him, Werner kept in touch 
with all that was going on in all the chief 
centres of the science, and, with the genius 
of the born teacher, inspired his young 
men with great enthusiasm for science. 
Where, hitherto, ideas had been vague and 
confused, Werner insisted on the discipline 
of exact thought and classification ; and 
his great merit was to introduce into the 
study of geology and mineralogy a coherence 
which had before been utterly lacking. 

All this was done by the spoken word. 
Werner would not take the trouble to write, 
and published only one book, his 44 Intro- 
duction to Geognosy.’ * It is recorded that 
this dislike of writing and of correspondence 
increased upon him to such an extent that 
when he was elected a Foreign Member of 
the French Academy the letter announcing 
the honour was neither opened nor answered. 

Werner classified the rock-formations 
into five groups, which he believed to recur 
in series in each epoch of the geological 
history of the earth. This classification 
was based almost entirely on the mincralo- 
gical structure of the rocks, organic remains 
l)eing disregarded. This omission, and the 
fact that his observations were restricted 
to a very limited area, marred liis results, 
which were further vitiated by his exclusive 
devotion to the Neptunian theory. But 
even these faults had their value, because 
of the previously chaotic state of geological 
knowledge. Professor von Zittel remarks 
that the Wernerian doctrine was all the 
more attractive as it seemed so simple. 
“ It taught that all the rocks of the crust, 
like the earth's body itself, had taken 
origin from aqueous solutions, either as 
chemical or as mechanical precipitates, 
while volcanic lavas represented rock- 
material that had been so precipitated, but 
had subsequently been melted and ejected.” 

Because of Werner’s vast personal in- 
fluence, his doctrines maintained their hold 
for many years, and eventually, proved a 
hindrance to geological progress. This was 
especially true of his narrow, Neptunist 
theory, and of his yiew of basalt as an 
aqueous deposit, and of volcanic outbreaks 
as due to the ignition of coal deposits in 
the crust of the earth. The importance of 
x Werner’s personal influence in introducing 
system and exact methods of study into 
the sciences of mineralogy and geognosy 
c mi hardly, however, be over-estimated, 
and, under William Smith and his followers, 
soon fructified in the most valuable results. 

I We rner died at Freiberg, on June 30, 1817. 


HORACE BOLINGBROKE WOODWARD 
Geology and Water-Supply 

Mr. H. B. Woodward, late Assistant* 
Director on the Geological Survey of Eng- 
land and Wales, was born in London on 
August 20, 1848. His father, the late 
Dr. S. P. Woodward, was an official of the 
British Museum. After four years’ work 
in the library and museum of the Geo- 
logical Society, Mr. Woodward joined, in 
1867, the Geological Survey, and for forty- 
one years was actively engaged upon its 
work, chiefly in the field. From 1894 until 
his retirement, at the end of 1908, he was 
in charge of the office of the Survey in 
Jermyn Street, and became Assistant- 
Director for England and Wales in 1901, 
having charge of all the field-work. Owing 
to his wide and practical acquaintance 
with English geological formations, Mr. 
Woodward has been much consulted with 
regard to sites for houses, schemes for 
municipal water-supply, sewage farms, and 
other public works. 

Mr. Woodward has written many books 
on geological subjects relating to the 
work which he did on the Geological 
Survey. In 1907 he published a most 
valuable “ History of the Geological Society 
of London,” which traces not only the 
history of the society, but also the history 
of the science of geology, and vividly intro- 
duces many of the great men who have 
built up the science. Among his earlier 
works arc “ The Geology of England and 
Wales,” “ Geological Survey Memoirs ” on 
various districts, “The Jurassic Rocks,” 
“ Soils and Subsoils,” and “ The Geological 
Atlas of Great Britain.” 

In 1910 Mr. Woodward published his 
" Geology of the London District,” in 
which the work initiated by Prestwich and 
Whitaker is carried much further. It is 
a very comprehensive work, dealing more 
fully with this subject than has else- 
where been attempted, and is so clear as to 
be interesting even to those who have 
known little or nothing of geology. It 
contains several maps, including an ad- 
mirable contour-map, giving a very clear 
idea of the hills, valleys, and streams of the 
area under consideration, from Rickmans- 
worth in the west to Brentwood in the east, 
and from Barnet and Enfield in the north 
to Ewell and Shoreham in the south. The 
geological formations which underlie London 
are not easily explored, but several deep 
borings, especially in recent years, have 
thrown much light upon their composition. 
Red and mottled clays, sands, sandstone, 
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and conglomerates have been found at 
varying depths ; Devonian fossils have 
been obtained over a thousand feet below 
the surface by means of a boring in Totten- 
ham Court Road ; a great variety of rocks 
has been found at Richmond ; and 
Silurian strata nearly a thousand feet 
underground at Cheshunt. 

The history of early man in the Thames 
Basin comes under consideration in a 
chapter on the Plateau and Valley Gravels 
and the Terraces along the course of the 
river ; and of special interest is a long list of 
animals which were coaeval with man, but 
are now .extinct or restricted to tropical 
regions. Mr. Woodward shows that the 
present diversified features arc the result 
of a great series of changes of earth-move- 
ments, erosion and deposition, accompanied 
by varying conditions of scene, climate, 
and life, and reveals how the aspect of the 
country has been modified in later times 
by the agency of man. He enters fully 
into the effect which the geological structure 
has had upon water-supply, and shows how 
the different strata have yielded materials 
of economic value. 

In “ The Geology of Water Supply,” 
published in 1910, Mr. Woodward dealt 
with the various geological conditions upon 
which a good water-supply depends, and 
discusses the methods of prospecting for 
water. His textbook “ The History of 
Geology,” 1911, is of great value. Another 
work, in 1912, entitled “ The Geology of 
Soils and Substrata,” affords an excellent 
example of the value of scientific research. 

KARL ALFRED VON 2ITTEL 
A Famous Palaeontologist 

“ The most universally accomplished 
palaeontologist of his day,” Karl Alfred von 
Zittel was born at Bahlingen, in Baden, 
on September 25, 1839. At Heidelberg 
University, which he entered in 1857, he was 
early attracted to the study of geology. 
After graduation, he spent a year in Paris, 
where he acquired a wide, practical know- 
ledge of the fossils of the Tertiary .forma- 
tions in the districts surrounding that city 
and elsewhere in ‘ France. In 1861 Zittel 
became an honorary assistant in the 
Geological Institute of Vienna, and in 1863 
was appointed lecturer in the University of 
Vienna, and a curator of the world-famous 
Natural History Museum. In 1863 he be- 
came professor of mineralogy, geognosy, and 
palaeontology at the Carlsruhe Polytechnic. 

Professor Zittel was offered, in 1866, the 
Chair of Palaeontology in the University 
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of Munich. This was really a remarkabU 
honour, for Professor Zittel was only twenty- 
seven years of age. In 1880 the science ol 
geology was included in the duties of his 
professorship. Later, in 1890, he was made 
trustee of the National Geological Collection. 
By this time Professor Zittel was universally 
recognised as one of the first geologists of the 
day. He was appointed, in 1899, President 
of the Bavarian Academy of Sciences. 

Munich was the centre of Zittel's labours, 
and from that ancient city his work has 
influenced the whole scientific world. Mun- 
ich possesses an extremely valuable col- 
lection of fossils, which are an unrivalled 
storehouse of information ; and to this 
collection Professor Zittel himself added 
many of its greatest treasures. 

On October 4, 1903, he was knocked down 
by the street traffic, and two months after- 
wards he . received a further injury of a 
similar kind. He died on January 5, 1904. 

Professor Zittel published many papers 
on geological subjects, all of them both 
conscientious and illuminating. Perhaps 
his most notable book is the well-known 
" Handbook of Palaeontology,” published, 
in five volumes, at intervals between 1876 
and 1893. Of this monumental labour it 
has been well said that ” almost incredible 
as the task may appear, Professor Zittel 
entered in turn upon the detailed study of 
each great zoological group, and made him- 
self so thoroughly master of it and its 
connected literature that he could write 
upon it with the ripe knowledge and full 
authority of an expert — competent to revise 
the work of his predecessors. He was thus 
in a position to present an ordered classifica- 
tion of the fossil groups, and to show their 
affinities more clearly than had ever been 
done before.” 

Some of Professor ZitteVs most elaborate 
work has been in connection with fossil 
sponges. The group had never been 
properly classified ; and indeed, until the 
latter part of the nineteenth century, 
classification was almost impossible, owing 
to the little that was known of living 
sponges. Zittel and Sollas almost simultane- 
ously took up the study of fossil sponges 
by microscopic methods, and with great 
success. In 1899 Zittel published his 
admirable " History of Geology and Palaeon- 
tology,” of which an English translation by 
Mrs. Ogilvie-Gordon, a former pupil, ap- 
peared in 1901. The progress in every de- 
partment of geology and palaeontology ^ 
traced in this able memoir from the earliest 
observations down to the present day. 
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CHRISTIAN HAHNEMANN— WHO BE- 
LIEVED THAT “LIKE CURES LIKE” 

WILLIAM HARVEY— DISCOVERER OF THE 
CIRCULATION OF THE BLOOD 

HIPPOCRATES— FATHER OF MEDICINE 

SIR JOSEPH HOOKER— A GREAT EVOLU- 
TIONARY BOTANIST 

SIR VICTOR HORSLEY — THE MASTER- 
SURGEON OF THE BRAIN 

ALEXANDER VON HUMBOLDT A STU- 
DENT OF THE DISTRIBUTION OF LIFE 

JOHN HUNTER— THE MAN WHO MADE 
SURGERY A SCIENCE 

CHRISTIAN HAHNEMANN 
A Pioneer of Homeopathy 

C hristian Hahnemann was born at Meis- 
sen, in Saxony, on April 10, 1755, and 
studied medicine at Lcipsie and Vienna. 
He took. his doctorate in 1779, but was one 
of those who know, at such a point, that 
their real studies are only just beginning. 
He was particularly interested in the use 
of drugs, and was soon struck by the 
unsatisfactory character of what passed 
for knowledge on such subjects. These 
were the days before experimental phar- 
macology, aiid any real knowledge of the 
properties of drugs scarcely existed. Hahne- 
mann made many experiments upon himself 
in furtherance of his studies; and the 
conclusion he reached and formulated in 
the principle of homoeopathy was that 
“ like cures like ”- that is to say, the 
remedy for such and such symptoms is 
the drug which would produce those 
symptoms in a healthy person. 

Frankly, this celebrated principle of 
Similia similibus curantur" is nonsense 
on the face of it, but Hahnemann sincerely 
believed in it. His practical belief in a 
principle so manifestly absurd was made 
possible by another doctrine — namely, that 
the real value of drugs can only be obtained 
from very small doses. So great were the 
dilutions he finally recommended that not 
even an atom of the drug could be available 
for a dose, but very often these infinitesi- 
mal doses were attended with success. 

If we are to understand Hahnemann, and 
Appreciate his belief in himself, his success, 
and the opposition which he aroused, we 
must realise the state of medical practice 
in his day.. Large doses of powerful drugs 
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THOMAS HENRY HUXLEY — RESEARCHER, 
FIGHTER. AND TRUTH-SEEKER 

EDWARD JENNER — CONQUEROR OF A 
FOUL DISEASE 

ARTHUR KEITH— A FORGER OF THE CHAIN 
OF MAN’S PAST 

ELLEN KEY— A CHAMPION OF FEMINISM 

ROBERT KOCH DISCOVERER OF THE 
CAUSE OF CONSUMPTION 

RENfc LAENNEC INVENTOR OF THE 
STETHOSCOPE 

JEAN BAPTISTE LAMARCK -THE REAL 
FOUNDER OF ORGANIC EVOLUTION 

were habitually given, blood-letting was 
in regular use, and the arrival of a physician 
who neither poisoned his patients nor 
drained their life-blood was evidently full 
of possibilities. His rivals hated and 
denounced him, and the chemists were 
infuriated at the minuteness of the doses 
he prescribed. He therefore gave his 
medicines to his patients for nothing, 
but this was illegal, and thus he was 
prosecuted in one town after another, even 
including Leipsic, from which he lied, first 
to Kothen and finally to Paris. 

We see nowadays the true merits and 
demerits of Hahnemann’s system. The 
principle that “ like cures like” is non- 
sensical, and, in any case, it is of no interest 
to the modern physician, who is concerned 
not with symptoms but with causes. 
Hahnemann knew nothing as to the actual 
causes of disease ; and the work of Pasteur, 
with all that has flowed from it, renders 
the controversy between “ allopathy ” and 
“ homoeopathy ” entirely jejune. At the 
present day there is no excuse whatever 
for the existence of a special sect of honuro- 
pathists, who, in fact, practise by the same 
methods as the so-called 11 allopaths,” 
and who are fortunately enabled to give 
powerful drugs when necessary by the 
modern isolation of active principles, so 
that the modern homoeopath can give 
more of a drug than was contained in the 
largest doses against which his master 
fulminated, but can do so by means of a 
tiny pilule called “ homoeopathic.” 

Hahnemann must not be held responsible 
lor everything done in his name. His 
protest against drugging, and his practical 
abandonment of drugs altogether, showed 
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what Nature could do without them — a 
much-needed lesson. His advocacy of 
kindness, and the abolition of forcible and 
brutal methods of restraint in dealing 
with the insane, is to his eternal honour, and 
dates from as far back as 1794 ; and in his 
popular volume 44 The Friend of Health " 
he appears as a reasonable hygienist and 
teacher of the laws of sound living far in 
advance of his age. Hahnemann died in 
Paris on July 2, 1843. 

WILLIAM HARVEY 
Diftcoverer of the Circulation of the Blood 

William Harvey was born at Folkestone 
on April 1, 1578, and was educated at 
Canterbury and Cambridge. He continued 
his medical studies in Italy, and took the 
doctorate in medicine of the University of 
Padua, as well as at Cambridge. He then 
began to practise in London, and in 1609 
was appointed to the staff of St. Bartholo- 
mew's Hospital. A few years later he was 
appointed to lecture there ; and in his first 
course of lectures, in 1616, he declared his 
views as to the movements of the heart 
and what they accomplish. 

Within comparatively recent times the 
notebook of Harvey's lectures has been 
discovered, and thus we can quote from 
them the first statement of the circulation 
of the blood, as follows : 44 It is plain from 
the structure of the heart that the blood 
is passed continuously through the lungs 
to the aorta, as by the two clacks of a 
water-bellows to raise water. It is shown 
by the application of a ligature that the 
passage of the blood is from the arteries 
into the veins. Whence it follows that the 
movement of the blood is constantly in a 
circle, and is brought about by the beat of 
the heart. It is a question, therefore, 
whether this is for the sake of nourishment, 
or rather for the preservation of the blood 
and the limbs by the communication of heat, 
the blood cooled by warming the limbs 
being in turn warmed by the heart." 

This is many years earlier than the great 
book in which the discovery is not merely 
stated but established. Meanwhile, Harvey 
prospered greatly as a practitioner. Bacon 
was one of his patients, and so was James I. 
Those were stirring times, and the physician 
sometimes had to follow the Royal patient 
to the battlefield. Harvey’s absences from 
the metropolis and its affairs did him no 
good so far as his reputation was concerned. 
But in 1628 his epoch-making book ap- 
peared, and laid the foundation of modern 
physiology, with the result that 44 he fell 
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mightily in his practice ; 'twas believed 
by the vulgar that he was crack-brained, 
and all the physitians were against his 
opinion and envyed him." 

Harvey began by reviewing the accepted 
theory that the vital spirits are formed 
in the heart, to which air passes from the 
lungs. For nearly two thousand years this 
had been the established view, but the first- 
hand student could easily show that, 
whatever was right, this was certainly 
wrong. Constructive criticism was not so 
easy, but Harvey proceeded “ to contem- 
plate the motion of the heart and arteries, 
not only in man, but in all animals that 
have hearts." His labours were immense, 
systematic, and successful. From the 
larger mammals down to slugs, crabs, and 
flies, he dissected, watched the movements 
of the heart through a lens, or observed the 
facts of the circulation by experiments 011 
the living animal. It is clear that without 
these last experiments the discovery could 
not have been made. 

Our tendency today is to suppose that 
the discovery was a single thing. We forget 
that the student had first to show that 
air does not go to the heart, and is not 
formed there. Next lie had to prove, as he 
did, that the heart pumps blood into the 
arteries, and that its action is essentially 
that of a force-pump, and not a suction- 
pump, as had been supposed. Then came 
the final task. The blood which reached 
the heart, and that which it expelled, had 
to be accounted for. Whence did it come*, 
and what became of it ? The preceding 
points were satisfactory, and not too novel. 
14 But," he continues, 44 what remains to be 
said upon the quantity and source of the 
blood which thus passes is of a character 
so novel and unheard-of that I not only 
fear injury to myself from the envy of a 
few, but I tremble lest I have mankind at 
large for my enemies, so much doth wont 
and custom become a second nature. 
Doctrine once sown strikes deep its root, 
and respect for antiquity influences all 
men." Yet, as he goes on to show, the 
quantity of blood which passes through the 
heart is so great that it cannot be accounted 
for as derived from the food, nor on any 
other hypothesis than that 44 the blood 
circulates, revolves, propelled and then 
returning from the heart to the extremities, 
and thus performs a kind of circular 
motion ... It is absolutely necessary 
to conclude that the blood in the animal 
body is impelled in a circle, and is in a 
state of ceaseless motion ; that this is th- 
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act or iunction which the heart performs 
by means of its pulse, and that it is the 
^ole and only end of the motion and con- 
traction of the heart.* * 

Bacon did not accept his doctor’s dis- 
covery, and many lesser men were equally 
recalcitrant. But before Harvey’s death 
the new teaching as to the circulation had 
supplanted that of Galen almost everywhere. 
The microscope, however, was not yet 
available for one necessary piece of demon- 
stratiorl. If the blood passes through the 
arteries from the heart, and returns through 


the veins to the heart, how does it reach 
the veins from the arteries ? 

Four years after Harvey’s death the 
great Italian Malpighi, aided by the 
microscope, discovered the capillary blood- 
vessels, which had always been hidden from 
Harvey’s eyes. The discoverer of the 
circulation never saw the essential fact 
the circulation, which may nowadays be 
witnessed by the casual thousands in a 
music-hall, between a red-nosed comedian 
and a troupe of performing dogs. 

Harvey was a short, dark, talkative, 
•lot-tempered man, who wore a dagger in 
his younger days, and never tired of work. 


He had many enemies, but though his 
temper was so short in conversation, and 
he was apt to draw his dagger on the 
slightest occasion, in scientific controversy 
he was dignified and restrained. Thus he 
writes, “To return evil-speaking with evil- 
speaking, however, I hold to be unworthy 
in a philosopher and searcher after truth ; 
I believe I shall do better and more ad- 
visedly if I meet so many indications of 
ill-breeding with the light of faithful and 
conclusive observation.” 

Worthy also is his comment on the 


theft, by the command of Parliament, 
not merely of his furniture, but of 
much rarer things, while he was in at- 
tendance on the King : “ My enemies 
abstracted from my museum the fruits 
of many years of toil. Whence it has come 
to pass that many observations, par- 
ticularly on the generation of insects, have 
perished, with detriment, I venture to say, 
to the republic of letters.” 

Sir Thomas Browne thought Harveys 
discovery greater than that made by 
Columbus ; John Hunter ranked Copernicus, 
Columbus, and Harvey by the side of each 
other. And we must not forget that Harvey, 
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in his later years, did splendid and epoch- 
making work in another direction. 

In 1651 there appeared his “ Studies of 
the Generation of Animals," to which he 
had devoted many years, and the value of 
which had survived the pitiable destruction 
of so much of his work, to which he alludes. 
He had made a practical study of the egg 
of the chick, and the stages of its develop- 
ment, but he was a comparative physiologist 
in the full sense his work on the heart 
proves that — and before his observations 
were concluded he saw that all the higher 
animals begin from an egg not the chick 
merely, but also the animals that are born 
alive, including man himself. This he 
definitely asserts in so many words ; and 
such an assertion at such a date would alone 
suffice to stamp the genius of this great 
man. He had no microscope ; words 
cannot say how he would have rejoiced in 
one ; but he anticipated, in 1656, the dis- 
covery which had to wait until 1827, when 
the* ovum of mammals was first seen. 
Harvey's great generalisation is commonly 
quoted as “ Omne vivum ex ovo," which is 
thus the first rough statement of the truth, 
now known, that all the higher animals and 
plants are derived from a single cell. But 
Harvey had no microscope, and by direct 
observation knew nothing of the cell. 

Before his death Harvey obtained some 
measure of the fame which his genius 
deserved. In 1654 he was offered the 
presidency of the Royal College of Phy- 
sicians, which, however, he declined on the 
grounds of age. On June 3, 1657, h° died, 
and was buried at Hempstead, near Saffron 
Walden. He left his library and a small 
estate to the Royal College of Physicians, of 
which he is the most illustrious ornament. 

HIPPOCRATES 
The Father of Medicine 

Hippocrates was born in Cos about 460 
B.C., though the details of his external life 
are dubious. He asserted himself to be the 
eighteenth in descent from the semi-legend- 
ary physician and deity, /Esculapius him- 
self. Certainly he was one of the /Escula- 
piadse, and his father was a physician. 
Like most great pioneers of ancient times, 
he seems to have travelled much in search of 
learning, though he spent a great part of his 
life in medical practice in Athens. 

For long ages Hippocrates has been 
known as the “ Father of Medicine," and 
the more we learn about him the more surely 
we see his right to that great title. His 
family was one of priest-physicians. He 

4740 


inherited great traditions, and bettered 
them. Whether on the side of philosophy, 
of clinical science, or of morals, Hippocrates 
is indeed the father of all true practitioners 
of medicine. He had the underlying ideas, 
the personal integrity, the practical methods, 
which mark his true disciples everywhere. 

At the basis of his system we find the 
belief in what he called Phusis, or Nature, 
and in what the Romans were afterwards 
to call the “ vis medicatrix naturae." The 
business of the physician was to support 
this healing power of Nature when it was 
enfeebled. And Nature for him was divine. 
Such noble sayings as these are worthy of the 
author of the Hippocratic Oath—" Things 
are not in varying degree divine or human, 
but God is in all things ; " “ Everything is 
divine and everything human “ The nature 
and cause of this illness rises from precisely 
the same divine from which all else pro- 
ceeds." If we are rightly to appraise the 
aphorisms of the Father of Medicine, we 
must remember the long reign of the demon- 
ological theory of disease, before, during, 
and long after his time, with the burning 
and torture of countless invalids on the 
ground that illness was caused by devils. 

Illness was due to natural causes, accord- 
ing to Hippocrates ; not, therefore, to 
causes which excluded Deity from Nature, 
for Deity is everywhere. He is the very 
father, therefore, of those who study the 
living world for the causes of health and 
disease, yet find themselves thereby no 
further from the Divine. 

The Greeks held the dead body in such 
reverence that it could not be dissected. 
Hippocrates therefore knew practically no 
anatomy, and he had to try to frame a 
rational system of medicine without know- 
ing the difference between arteries * and 
veins or nerves and tendons. So his 
theories inclined to be chemical, for lack 
of any anatomy on which to base them ; 
and in this respect they read strangely like 
rude approximations to the latest patho- 
logical theories of our own times. The 
pathology of Hippocrates rested upon a 
humoral theory. The blood, the phlegm, 
black bile and yellow bile, were the four 
humours, four being chosen probably in 
order to correspond to the number of the 
" elements," as laid down by the Greek 
philosophers* of the day.- When we call a 
man sanguine, phlegmatic, melancholy, or 
bilious in temperament we are speaking the 
language of Hippocrates. Bodily health, 
also, was supposed to depend on these 
humours, according to their right production 
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and proportions. Man enjoys health, said 
Hippocrates, when each humour is in due 
proportion of quantity and force, but 
especially if they are properly combined. 

This was a very wonderful theory for the 
age. It furnished a basis for observations ; 
and no matter how inadequate or actually 
wrong it might be/it had the supreme merit 
of being a natural theory, as distinguished 
from all the superstitious theories. Tt re- 
ferred the physician to the facts of physi- 
ology, and made medicine a science. Mean- 
while, in the temples of Hippocrates’ 
ancestor, the god /Esculapius was supposed 
to be performing such miracles as the 
restoration of eyes to empty sockets, and 
heads to headless shoulders. It falls also 
to be recorded that, as in all times and 
places, the followers of Hippocrates were 
unworthy of their great master, using images 
of the great physician as workers of magic, 
making animal sacrifices to them, and in 
general repeating all the folly and dis- 
honesty which infested the worship of 
Ttsculapius when Hippocrates was born to 
put medicine upon an honest basis. 

Hippocrates could not anatomise, but he 
was a genuine clinical observer. Believing 
as he did in Nature, he tried to study the 
laws of health, and wrote upon them. His 
treatise on “ Airs, Waters, and Places” is 
the first attempt to assert the principles of 
what we now call public health. In order to 
relieve dyspepsia, lie saw that lie must 
understand digestion, and thus lie initiated 
clinical experiments with various kinds of 
food, given to healthy people,- just after 
the fashion of Professor Pawlow and his 
followers today. He taught and treated 
patients in the famous Asclepion, or Temple 
of Bsculapius, in the island of Cos ; hut 
though the famous serpents were kept there 
for their healing powers, Hippocrates him- 
self, notwithstanding that If* was a here- 
ditary priest-physician, would have nothing 
to do with priestcraft, with magic, charms, 
amulets, or incantations. Disease and 
health for him were natural phenomena, 
to be treated by natural means, and thus 
he prescribed baths, change of air, and 
suitable exercise, and paid very special 
attention to diet. Though destitute of 
anatomy, he did his best to study the 
“ physical signs ” of disease, as they are 
now called. He discovered how, by sudden 
movements, one could hear the splashing of 
water in a patient’s chest if air were present 
also. This “ Hippocratic succussion ” re- 
tains its value today, at any rate in the 
absence of an X-ray installation, .and the 


record of it by Hippocrates gave Laennec, 
almost in our own age, the idea of inventing 
the stethoscope for listening to the sounds 
produced bv the body in health and disease. 

Though dissection was forbidden, Hippo- 
crates could at least study what we now 
call surface anatomy. He seems to have 
called in the artists of his day to help to 
record the facts which the eye could observe ; 
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and we know that he presented to a temple 
a brass figure of a man in a state of extreme 
emaciation, thus showing as many anato- 
mical details as could be revealed short of 
dissection. To this day we speak of the 
“ facies Hippocratica,” or facial appearance 
described by Hippocrates as characteristic 
of impending death. 

Though Hippocrates would have no more 
to do with priestcraft in the practice of 
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medicine, yet from his ancestry and tradi- 
tions he derived the belief that the practice 
of medicine should only be discharged by 
men consecrated and sworn, as to a holy 
priesthood. Hence the Hippocratic Oath, 
still taken by him who would become a 
Doctor of Medicine, and pledging him to do 
his best for all his paiients, never to abuse 
his knowledge, to lend no poison to un- 
sworn hands, to reveal no professional 
secrets. Nor was this all. According to 
Hippocrates, the doctor “ should have good 
manners, dress neatly, and avoid perfumes ; 
he must be temperate, honourable, humane, 
modest, just, affable, and clean ; he must 
oppose fraud and superstition, he must 
show courage in adversity, and he must 
have a due sense of Divine power, and 
recognise that to Heaven he owes success. 
In addition, he must have a good bedside 
manner, and must be calm and equable, 
even when those around him are agitated 
and excited.” 

Thus nobly was the profession of medicine 
founded by the great Greek physician who 
lived in Athens, when and where so many 
other great beginnings of civilisation, of 
art and scence, were being made. Demo- 
critus was one of those beginners, and his 
enemies asked Hippocrates to certify him 
insane, but the profound and honest 
student of living Nature declared Demo- 
critus to be the sane man, and his enemies 
mad. How long this great physician lived 
we do not know. According to some 
accounts, he survived to be a centenarian, 
but we do know that he died at Larissa, in 
Thessaly, having long retired from practice. 

SIR JOSEPH HOOKER 
A Great Evolutionary Botanist 

Sir Joseph Dalton Hooker was born at 
Halesworth, in Suffolk, on June 30, 1817, 
and took a Glasgow medical degree in 1839. 
He was naturally destined, however, to be 
a botanist, his father being Sir William 
Hooker, of Kew Gardens. No sooner had 
he qualified at Glasgow than he went with 
the “Erebus” to the Antarctic region, 
with the result that, on his return, he 
published various volumes, now classical, 
upon the flora of those parts. Later he 
performed a similar service to botany for 
the Himalayas and British India. After 
many more travels, in Africa and America, 
he settled down at Kew, becoming Director 
of the gardens there, in succession to his 
father, in 1865. Thereafter he published 
many more works, such as his “ Students’ 
Flora,” and his index to the flora at Kew. 
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The nobb gardens owe much of their 
present beauty and interest to Hooker. 

He was known as a man of great age to 
students of the present generation. They 
honoured him not only for his researches in 
botany, but for his connection with the 
great story of the “ Origin of Species.” 
Many letters to and from him add interest 
to tiie correspondence of Charles Darwin, 
who greatly valued his opinion. He was 
consulted by Darwin at the critical date 
when Mr. A. R. Wallace's communication 
reached him from the other side of the 
equator, and he was present when the 
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joint paper of Darwin and Wallace was 
read at the Linnean Society. On this lie 
wrote : ” The interest excited was intense, 
but the subject was too novel and too 
ominous for the old school to enter the lists 
before armouring.” 

Exactly fifty years later, Sir Joseph 
Hooker was present, and spoke, at the 
Linnean Society’s celebration of the great 
episode. The doughty old nonagenarian \va- 
the admiration of all beholders, with hL 
bright eyes, strong voice, and gallant bear- 
ing. He had to his juniors a perfect courtesy, 
an unlimited enthusiasm and interest in 
new things, which Time could not touch 
at all. He died on December 10, 1911. 
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SIR VICTOR HORSLEY 
The Master-Surgeon of the Brain 

Sir Victor Horsley was born in London on 
April 14, 1857, his father being the well- 
known painter J. C. Horsley, R.A. He 
studied medicine at University College, and 
M>on began his important researches at the 
Rrown Institution, of which he was Pro- 
hssor-Superintendent for six years. His 
work there specially dealt with the func- 
tions, then wholly unknown, of the thyroid 
gland. By experimental excision of the 
gland in animals he was able to show that 
rertain definite symptoms result which 
« losely resemble those of the disease known 
as myxiedema in man. The upshot of this 
most beneficent piece of research has been 
1 lie introduction of the therapeutic use of 
the thyroid gland, obtained usually from 
the sheep, for the relief and cure of human 
beings suffering from myxoedema, from 
cretinism, or from any of the other mani- 
festations of what is now termed “ athyrea,” 
or deficiency of the thyroid secretion. 

Sir Victor Horsley next turned his atten- 
tion to the study of the brain. Here, also, 
lie made important experiments upon living 
animals, following and in close relation with 
those made by Sir David Fcrrier. Thanks 
to him, our knowledge of the functions of 
certain convolutions and areas of the human 
rorl ex cerebri has been greatly extended. 
Naturally enough, the logical sequel to the 
surgical skill obtained and neurological 
data discovered by Sir Victor was his later 
work in the surgery of the brain. His work 
has been done especially at University 
College and the National Hospital for 
Paralysis and Epilepsy, where he has also 
taught for many years. Long before the 
vear 1902, when lie was knighted, Sir Victor 
Horsley had become the leading cranial 
surgeon, admittedly the successful pioneer 
of the most delicate and subtle branch of 
the whole surgical art. In that year he 
published his important paper on neuralgia, 
d lowing the results of his work in procuring 
surgical relief of intractable facial neuralgia 
by means of a daring operation upon the 
brain, and removal 01 the “ Gasserian 
Mtnglion ” from which the affected nerve 
springs. 

In recent years Sir Victor Horsley, who 
is a prodigious worker, has found more and 
nmre time for the wider aspects of medical 
^ < >rk. He contested Parliament for London 
University. ■ He has interested himself 
J0«;atly [ n the care of the London school 
children, and was conspicuous among 
nodical men as a friend of the Insurance 


Act. Above all, he has been a great enemy 
of alcohol. His only book* is “ Alcohol 
and the Human Body ” (with Dr. Mary 
Sturge), and lie took a leading part in the 
demolition of the recent statistical paper 
which purported to acquit alcohol as a 
cause of degeneracy. Sir Victor is a born 
fighter, “ not given to swearing in the 
words of any master.” 

ALEXANDER VON HUMBOLDT 

A Student of the Distribution of Life 

Alexander von Humboldt was born at 
Berlin on September 14. 1769. He early 
showed his bent for natural science, in 
which his appetite was omnivorous, and 
began to write on the geological and other 
phenomena of whatever place he found 
himself in. Soon his requirements led him 
far atield, and he became' a very famous 
traveller. Beginning with li\c years in 
South America, he travelled later in Central 
Asia, and in between such expeditions 
found time for a great deal of work in 
political and diplomatic spheres, as well as 
for lectures upon his travels. 

. In 1845 he began the publication of his 
masterpiece, “ Cosmos,” which appeared 
in four volumes, the last published in 1858, 
the year before the authors death. In 
Humboldt’s great work we lind the qualities 
which were characteristic of Goethe, of 
himself, and of few men besides. Hum- 
boldt had early made geological obser- 
vations. He had studied climate, had 
suggested the use of " isothermal lines,” 
hail named and studied ” magnetic storms.” 
He was thus an original master in the 
physical sciences, quite apart from his work 
as a naturalist. It is the astonishing 
range and breadth of his vision and his 
knowledge that astonish us. 

All these qualities are combined in the 
magnificent work which he began to give 
to the world when lie was already seventy- 
six. Nothing else* of such rank and mag- 
nitude can be ascribed to so old a man in 
the whole record of human thought. It 
was worthy of the author’s immense re- 
putation, which was the very foremost in 
Europe, and its services to the popular 
reputation of science were incalculable. 

Of course, the work was too ambitious. 
Science was younger in those days, and had 
no idea how little it knew. But Hum- 
boldt made a magnificent attempt to show 
the unity and grandeur of the cosmos in 
the light of all the multitudinous details, so 
many of which he had been the first to 
observe. At the same time, we do not 
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find in Hamboldt any of those great, 
seminal, epoch-making ideas or generali- 
sations which count for almost everything 
in the history of knowledge, nor any of 
those immensely significant discoveries 
which count for all the rest. We shall 
probably be safe if we accept Darwin's 
opinion of him, expressed in a letter to Sir 
Joseph Hooker: “He was more remarkable 
for his astounding knowledge than for 
originality. I have always looked at him 
as, in fact, the founder of the geographical 
distribution of organisms." 

Humboldt was undoubtedly a great man 
in character as well as in mind. He hated 
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slavery ; he honoured and helped his 
juniors, generously praising them for their 
work, and always acknowledging what he 
took and learnt from them. His early 
experience of the conditions of mining led 
him to seek an amelioration of the miners' 
lot. As for his immense egotism, it may 
partly be excused as the natural result of 
the almost incredible fame which was his, 
and it undoubtedly helped him to achieve 
the great volume of work which stands to 
his record. He was perhaps the last of 
the encyclopedic philosophers, belonging 
to the same genus as Aristotle himself. 
Never can another Humboldt become 
master of so manv sciences. 

Just short of completing his ninetieth 
year, this remarkable man died, on May 6, 
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1859, a few months before the publication 
of the “ Origin of Species." His elder 
brother, Wilhelm, was a great man in hb 
day, being a notable student of philology. 
The two brothers were devoted friends, and 
the last twenty-three years of Alexander’s 
life were desolate through Wilhelm's death. 

JOHN HUNTER 

The Man who Made Surgery a Science 

John Hunter was born at Long Calder- 
wood. in Lanarkshire, on February 15, 
172S. He was unsuccessful as a schoolbov, 
but found his true place when he wa< 
permitted to assist in the anatomical 
school, in London, of his elder brother. 
William, who was the leading practical 
anatomist of the time. Soon John Hunter 
desired to pass from anatomy to surgery, 
and in 175b he became house-surgeon at 
St. George's Hospital. He had already 
done some splendid anatomical research 
work, partly independent and partly with 
his brother. To them we owe our know- 
ledge of the lymphatic system of vessels 
in the body. 

Next young Hunter gained some ex- 
perience in military surgery, sailing with 
an English expedition to Portugal. Hb 
resulting treatise on gunshot wounds, pub- 
lished in 17b 4, is a classic upon that subject. 
Already he was collecting specimens <>t 
health and disease in man and animals, and 
thus laying the foundations of the in- 
comparable museum whrli is now known 
by his name. When lie came home, he 
settled down to practice and teaching. 
On one occasion, having ruptured his own 
Icmlo . L //////s— the great tendon at the 
back of the ankle — lie made a special study 
of the subject, with several experiment" 
on dogs, and thus led to great improvement 
in the surgery of that tendon. 

But it is quite impossible, in any reason- 
able space, to indicate the variety and 
extent and value of Hunter’s original con- 
tributions to medicine and surgery, and to 
physiology. In Portugal he had studied 
hibernation in lizards, and the arrest ot 
digestion during that period. Now he 
studied digestion in man, the treatment 
of the apparently drowned, the anatomy 
of whales, the hearing of fishes, the relation 
of wolf, dog. and jackal, and a host <>t 
subjects besides. No one who now deals 
with any branch of physiological science 
ca.n avoid referring to some early research 
of Hunter’s. Thus, to take the most recent 
example, which is the exact study of the 
nature of sex, we find Hunter first describing 
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t ho strange “mule” pheasant, which is an every part of the world. For fifteen years 
elderly female that has assumed the he had a flock of geese, for one particular 
plumage of the cock. 41 To think is a purpose ; and he kept everything else, from 

delight,” he said of himself, and he com- hedgehogs and hornets to leopards and 

pared his mind to a beehive, inasmuch as eagles. By experiments on pigs he learnt 
its activity never ceased. the facts of the growth of bones, and by 

For some time Hunter took pupils, the numerous experiments on other animals 

most famous of whom was Edward Jenner, he learnt those possibilities of grafting 
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while Abernetliy and Astley Cooper were which arc now daily applied by surgeons 

others. It is difficult to understand when to human beings, in this respect Hunter 

In* found time to teach. Though he was was a century before his time. His ol>- 

in continual practice, he devoted a large servations were directed to physiological 

amount of energy to general biological purposes, but the possibilities of grafting 

observations at his house in Earl’s Court, which he demonstrated have since been 

There he kept innumerable animals from invaluable for surgery. He was also a great 
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practical surgeon, inventing the celebrated 
operation for aneurism, which goes by his 
name, and meeting with much success, 
but his scientific researches altogether over- 
shadow his surgical fame. 

Though he hated lecturing, and lectured 
so badly that few of his pupils could follow 
him, he was compelled to spend some time 
on this uncongenial task. No doubt his 
practice was advantaged through these 
lectures, and thus, very fortunately for 
science, Hunter began to acquire large 
sums of money. He was the sort of man 
who should have much money to spend, 
for he knew what to do with it. He built 
for himself a museum, and in it placed his 
own collection, which had already cost him 
five figures, together with those of other 
collectors of the time. After his death, 
and with much difficulty, at last his col- 
lection was bought by the State, and 
handed over to the care of the Royal 
College of Surgeons. This is now the 
Hunterian Museum, in Lincoln's Inn Fields. 
When Hunter died it comprised nearly 
fourteen thousand specimens. These have 
since been vastly increased, and the col- 
lection is today without a rival. 

Hunter’s personal characteristics and 
habits are of exceptional interest. He 
combined the humility of the great man 
with a consciousness of his relative great- 
ness. Of his mediocre contemporaries lie 
said, “ I know I am but a pigmy in know- 
ledge, yet I feel as a giant when compared 
with these men.” An incessant dissector, 
vivisectionist, and surgeon, he was yet a 
kind man, devoted to animals, and no 
butcher. He detested operations, never 
performed an unnecessary one, and was 
always trying to save the tissues and limbs* 
of his patients. 

At one time he was studying the growth 
of the deer’s antlers, and thence he learnt 
how an artery may be tied, and yet other 
smaller arteries may compensate for its 
occlusion. Hence his most famous surgical 
innovation, which has saved untold numbers 
of limbs. Instead of amputating through 
the thigh for cases of aneurism of the great 
artery of the leg, when bursting and fatal 
hamiorrhage threatened, Hunter ventured 
to tie the artery above the aneurism, in the 
belief that other arteries would come to the 
rescue and nourish the limb adequately, as 
in the case of the deer’s antlers, the principal 
artery of which he had tied. His hope was 
justified, and through it he established a 
new and beneficent principle in surgery. 

At bottom this man was a biologist in the 
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full sense. The nature of life, which is the 
essential problem of biology, was inces- 
santly in his mind. He knew enough to 
know that he could not solve this problem. 
“ We are but beginning to learn our pro- 
fession,” he would say ; but he unswerv- 
ingly devoted himself to* the gathering ol 
facts and specimens which should some day 
enable his successors to answer the question. 
He experimented on trees ; he collected 
crystals in order to compare their growth 
and formation with the analogous pheno- 
mena of living things ; and he always 
denied that life is the result of mechanism, 
though the mechanisms of life in all its 
forms have never had a more devoted and 
illustrious student. Life for him was n 
great chemist, a directive principle, which 
used, while it obeved, the laws of physics 
and chemistry. As one of the greatest of 
comparative anatomists- indeed, he has no 
rival in this field-— he was naturally struck 
by the resemblance between living forms ; 
and there are passages in his works which 
suggest that he was inclined towards the 
belief in organic evolution, though others 
definitely refer to special creation as an 
accepted assumption. 

He seems to have required very little* 
sleep. At five or six in the morning lie was 
to be found dissecting, and bis friends and 
pupils left him at midnight ” with a lamp 
fresh trimmed for further stlldy. ,, For 
many years he suffered from symptoms ot 
arterial degeneration, but he had the great 
wisdom to forswear alcohol altogether 
during the last twenty wars of his life, like 
Or. Johnson in similar circumstance's. 
Thanks to his temperate' and regular liabiL 
he 4 was able to ge> on working, but hL 
temper was always hot and she>rt, and 
exposition was apt to bring on attacks ol 
angina pectoris. A contradiction at a board 
meeting at St. George's Hospital, on 
October 16, I7e)j, proved fatal. His mortal 
remains now lie in Westminster Abbey, and 
his fame has increased in every decade since 
his death. He made surgery a science : and 
as has been said, ” When we make a elis 
coverv in pathology, we only learn what w< 
have overlooked in his writings or forgotten 
in his lectures.” 

THOMAS HENRY HUXLEY 
Researcher, Fighter, and Truth-SeeKer 

Thomas Henry Huxley was born at 
Ealing on May 4, 1825* He studied medi- 
cine at Charing Cross Hospital, and began 
to practise in the East End, after taking 
his degree at the age of twenty. Lik 
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Darwin and Hooker, who were afterwards 
to he closely associated with him, he went 
on a voyage which introduced him to many 
of the great problems of biology. For four 
vears he was away as assistant-surgeon 
to the “ Rattlesnake/’ meanwhile making 
researches and sending them home. When 
he himself returned, he began to teach 
natural history in the Royal School of 
Mines. He never held a university Chair. 

The life-work of Huxley may be readily 
divided into more or less independent parts. 
He was a great original student, though tlu' 
tact is often forgotten. He discovered 
•• Huxley’s layer ” in the roots of the hairs 
when he was still at Charing Cross Hospital. 
His studies of the medusa? won him his 
l'.R.S. when he was only twenty-six. He 
tounded our modern classification of birds. 
He was a master of palaeontology, and his 
“ Physiography ” and “ The Crayfish ” are 
masterpieces in the art of exposition for the 
serious student. For clearness and force of 
writing, for precision of thought, and for 
x rupulous honesty of statement, Huxley 
lias never had a superior among scientific 
writers of any age or land. 

A great researcher, a great teacher, 
Huxley was, nevertheless, above all. a 
great biological thinker. It is in that 
rapacity that his life-work matters so much 
for our own times. His mind was free ; and 
when the “ Origin of Species ” appeared, 
iiid sorely needed champions, Huxley was 
ready. Darwin humorously calls him some- 
where “ mv good and admirable agent for 
the propagation of damnable heresies.” 
Not that Huxley was by any means pre- 
pared to take Darwinism on trust. For 
many years he declined to accept the 
essential teachings of the “ Origin,” and 
lie always regretted — with just prescience, 
as we now know -Darwin’s insistence 
on the dictum that Nature does nothing 
hv leaps, and that species change only 
hy insensible gradations. 

But Huxley soon became the leading 
Hiampion of the idea of organic evolution — 
apart from that specific theory of its causa- 
tion which is called Darwinism — against all 
the arrayed forces of conservatism, inertia, 
and odium theologicum. At first he was a 
v<ry indifferent lecturer, but his writing 
was tremendous. There never was a more 
Hf*adly controversialist, as one famous 
adversary after another found to bis cost, 
hom Bishop Wilberforce at the British 
Association, to the late Duke of Argyll, 
Mr. Gladstone, and Dean Wace. His 
ourage was unlimited. Only four years 


after the “ Origin,” there appeared Huxley's 
hook on “Man’s Place, in Nature now 
republished in Mr. Dent’s Fvcryman’s 
Library -in which the relation of man to the 
anthropoid apes was frankly asserted. No 
one of the present generation can easily 
imagine the sensation, the fury, the bound- 
less and rabid indignation which these 
views of Huxley excited. 

Because this man was a profound thinker, 
as well as a great tighter, he never con- 
founded the fact of Evolution with any 
theory of its causation. He never over- 
stated the rase for the Darwinian theory, 
or concealed its weakness. But he roundly 
declared that “ the doctrine* of Evolution 
is a generalisation of certain facts which 
may be obtained by anyone who will take 
the necessary trouble ; ” and that to this 
doctrine ” all future? philosophical and 
theological speculatiems will have* to accom- 
moelate themselves.” 

Exactly half a century after the publica- 
tion of “ Man’s Place* in Nature ” everyone 1 
knows, outsiele* the Roman Catholic Church, 
that Huxley was right. The fact of evolu- 
tion is pre)ve*el ; and the problem for us 
and fe>r the* future is to eliscovor anel define 
its causation. Here, of course, it has been 
repeateelly said that Huxley was a dogmatic 
and unqualified materialist. In some re- 
spects he was so, as in his eelebrateel 
“ epi-phenomenon ” theory e>f the mind ; 
but they know very little of him who say 
that his view of the Universe as a whole 
was materialistic. On all ultimate questions 
he saiel, “ 1 ele> ne>t know,” anel thus he 
coined, lor himself, the term “ agnostic,” by 
way of contrast, lie* saiel, te> the Gnostics, 
wlie) asserted that they knew so much. 
Agnosticism, as Huxley held it, neither 
asserts ne>r elenies. lie condemned negative 
assertions about matters beyond emr scope, 
just as lie eemde mneel the positive assertions 
e)f the dogmatists. There may well be, he 
said, nudes of being, part of the Universal 
Whole, “ in the midst of which, indeed, 
we might be set down, with no more notion 
of what was about us than the worm in a 
flower-pot ori a London balcony has of the 
life of the great city.” 

Beyond doubt, Huxley was a great lover 
of Truth. It was the passion of his life, 
lie valued it for itself, and for the salvation 
of mankind. In his writings on social and 
political matters we find actively expressed 
his belief that not the popular vote but 
the amount of Truth known to a nation 
can save it. “ The first -recorded judicial 
murder of a scientific thinker [Socrates] 
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was compassed and effected not by a despot, 
nor by priests, but was brought about by 
eloquent demagogues." 

Of all Englishmen during the second half 
of the nineteenth century, Huxley was 
probably the most potent maker of public 
opinion. His scientific rank was beyond 
question, as his presidency of the . British 
Association and, above all, of the Royal 
Society showed. No one could question 
his sincerity, his real belief in the saving 
efficacy of scientific truth. He was a very 
hard hitter ; but we need to exhume the 
forgotten writings of his opponents in order 
to discover the kind of thing against which 
he had to defend himself and he was 
fighting not for his own hand or his own 
ideas. His “ Lay Sermons," first published 
in 1870, many of his collected essays, his 
" Physiography," and many more of his 
general writings, as upon Hume and 
Berkeley, are as valuable as ever they 
were, and find more readers than ever today. 

He died at Eastbourne on June 29, 1895, 
and his Life has been wrtten by his dis- 
tinguished son, Mr. Leonard Huxley. 

EDWARD JENNER 
Conqueror of a Foul Disease 

Edward Jenner was born at Berkeley, in 
Gloucestershire, on May 17, 1749. In 1770 
he became a pupil of the illustrious John 
Hunter, in London, and established with 
him a friendship that never failed. 
Three years later Jenner returned to his 
native place, and began to practise with 
much success. In a year or two he be- 
came interested in the popular tradition 
that there was a relation between cowpox 
and smallpox, so that a dairymaid, for 
instance, who had contracted the one 
would be protected against the other. 
Smallpox was at that time an extremely 
common and deadly complaint, carrying 
off very large numbers of infants and 
young children in especial. 

Jenner worked at this subject for more 
than twenty years with great patience and 
skill. He began by distinguishing true 
cowpox, or vaccinia, from a very similar 
eruption which, nevertheless, is quite dis- 
tinct, and offers no protection against 
smallpox. Jenner had already succeeded 
in interesting Hunter, at whose suggestion 
he had made many investigations, but no 
one really believed that this research of 
his was more than a curiosity. However, 
twenty-one years after he had begun, he 
was able to show experimentally that the 
inoculation of smallpox matter failed to 
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produce the disease in a boy who had been 
successfully vaccinated six weeks before. 

From this date onwards Jenner met with 
success, though he had many difficulties to 
encounter, especially in the form of pro- 
fessional jealousy. His discovery owed its 
wide practical application to a few enthu- 
siastic laymen, while certain doctors tried 
to get the credit of it for themselves, and 
nearly succeeded in supplanting Jenner, 
who had now been working at it for a 
quarter of a century. Six years, however, 
sufficed to make vaccination as wideh 
spread as civilisation itself ; and we wh< 
today have no idea of smallpox need tu 
turn back to contemporary chronicles in 
order to realise how Jenner’ s discovery 
was valued in its earliest years. The 
anniversary of his birthday was long celt* 
brated as a feast in Germany ; in the Roman 
Catholic countries religious processions were 
formed for the reception of the blessing oi 
vaccination ; and Parliament voted Jennet 
ten thousand pounds in 1802, and twenty 
thousand more a few years later. 

The vast and unprecedented honour in 
which Jenner was held abroad was by no 
means equalled in his native land, never- 
theless. Though Parliament appreciated 
vaccination, it still allowed inoculation for 
smallpox to continue, as introduced by 
Ladv Mary Wortley Montagu, ' and thus 
the disease was widely spread when no 
excuse for the practice of the older measure 
remained. Jenner loved the country, and 
his work suffered greatly by the fact that 
he did not live in London, where there was n 
long succession of rivalries and alternate 
attempts to decry and to exploit vaccina- 
tion in the interests of others. His native 
place was always home to him; and after 
a visit to London in 1814, when he was 
presented to many Royal personages, lie 
never returned to the metropolis of which 
the Royal Society had refused his first 
paper, and the Royal College of Physician^ 
would not admit him a Fellow unless he 
passed an examination in classics. 

On J anuarv 26. 1823, he died at Berkeley ; 
and ninety years later we find the leading 
medical and bacteriological investigators nl 
the world employed in the task of finding lot' 
other diseases the application of the very 
principle which Jenner applied to small- 
pox. For several years this work has been 
done with notable success at the Jenner 
Institute in London, 'the name of which, 
owing to the existence of a commercial firm 
of the same name, was changed, a few years 
ago. to the Lister Institute. 
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ARTHUR KEITH 
A Forger of the Chain of Man's Past 

Professor Arthur Keith was born in 
1866, and educated first at the Uni- 
versity of Aberdeen, and then in London 
and abroad. He early devoted himself 
to anatomical research, and especially to 
the problems of the relation between the 
body of man and that of the anthropoid 
apes. Having spent some time in Southern 
Asia, he made a special study of such im- 
portant and interesting animals as the 
gibbon, and his first volume, published in 
i8q(), dealt witfi the anthropoid apes in 
general. O11 this subject he is now the ac- 
knowledged master. 

For some years he taught anatomy at 
the London Hospital, and then he took 
charge of the Hunterian Museum, and was 
appointed Hunterian Professor to the 
Royal College of Surgeons. As such, he 
delivers lectures every year to the small 
number of students who can be found to 
attend any really authoritative and original 
courses of lectures in the metropolis, other 
than those qualifying for diplomas. Pro- 
fessor Keith has already discussed the 
supremely interesting subject which, until 
the last few years, had made little advance 
since the publication of Huxley’s volume on 
“ Man’s Place in Nature,” fifty years ago. 
His views arc based on such wide knowledge 
that their publication for the instruction 
of many readers and students would be 
highly desirable. He regards the gibbons as 
the nearest living animals to the ancestors 
of man. The larger anthropoids and our- 
selves have all departed, in one way or 
another, from the simpler and smaller form 
represented by tlie gibbons. These creatures 
probably yielded the stock whence man is 
derived several millions of years ago, accord- 
ing to Professor Keith. 

They are of special interest, also, in that 
they show us the “ upright posture,” or 
” erect attitude,” at a date long before the 
evolution of man. Hut it is upright with a 
difference: for whereas man is upright from 
His feet, the gibbon is upright, or perhaps 
'vc should say downright, from its hands. 
This creature moves about, in the vertical 
axis, suspended from its hands. Man’s 
assumption of the erect attitude has a 
different history; and we are entitled to say 
that, hitherto, man has not succeeded in 
adapting himself to this attitude as well as 
the gibbon has in its way. 

Early in the year 1913 Professor Keith 
delivered a new series of lectures, first, 
upon man’s assumption of the erect posture ; 


and second, upon the diseases and dis- 
abilities which are liable to attend that 
posture. Especially in the modem civilised 
man, who leads a highly unnatural and 
sedentary life, do we find that the abdominal 
contents tend to sag, and become kinked 
and congested by their own weight, when 
the tone and quality of the muscles do not 
suffice to compensate for the downward 
pull of gravitation. More especially it is 
woman who suffers from the erect posture, 
partly because of her lesser muscularity, 
and notably in association with childbirth. 
The “ curse of Eve,” which places the 
human mother at so serious a disadvantage, 
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compared with sub-human mothers, is es- 
sentially dependent upon the human assump- 
tion of the erect posture. 

Within the last year or two, Professor 
Keith has written two semi- popular books, 
which have found many readers, and 
which must have greatly helped in bringing 
the knowledge of thoughtful laymen up to 
the level of contemporary inquiry. These 
two books, to be commended without 
reserve, are “ Ancient Types of Man,” in the 
“ Library of Living Thought,” and “ The 
Human Body,” in the “ Home University 
Library.” The former is the best work of its 
kind in our language, and contains a number 
of admirable drawings and diagrams, which 
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give a very clear idea of such remains of 
primitive man as have hitherto been found. 
The author's rank and trustworthiness may 
be estimated by the fact that he has just 
been elected President of the Anthropo- 
logical Institute, which is now assuming a 
new importance, thanks to the number and 
significance of the ancient human remains 
that have been found in this country in the 
last year or two. 

The little- volume on “ The Human 
Body” gives just those data of anatomy 
which concern every thinking man, though 
they may be of little interest to the mere 
dissector or the surgeon. It is well to know 
that, in Professor Keith’s opinion, the 
human body at the present time shows no 
signs of degeneration in any essential 
respect. We are taller, stronger, longer- 
lived than our ancestors. In the alimentary 
system, however, and there alone, signs of 
degeneration may be found, but these he 
regards as dependent merely upon the un- 
suitability of our diet. What with an un- 
natural, excessive, unnaturally prepared and 
improperly masticated diet, introduced into 
an alimentary system which is at a dis- 
advantage, owing to our assumption of the 
erect posture, it is no wonder that 
dyspepsia, appendicitis, and constipation 
are so common. 

ELLEN KEY 
A Champion of Feminism 

Ellen Key was born at Sundsholm, in 
Sweden, on December n, 1849. She is 
descended on her father’s side from the 
Scottish MacKays, one of whom fought 
under Gustavus Adolphus. When quite a 
young girl she wrote some novels on 
Scandinavian peasant life, under the 
influence of such writers as Bjornson. 
Later she travelled widely in the company 
of her father, who was a distinguished 
member of the Swedish Parliament ; and 
when he lost his property as the result of an 
agricultural crisis she began to teach in a 
girls’ school. 

Afterwards she occupied a professorial 
Chair in Stockholm, but not. until the 
present century did she begin to produce her 
important books. An old Swedish law 
against heresy was revived in order to send 
to prison some young men who had argued 
upon Darwinism. Ellen Key, who is a 
great orator, came forward to protest 
publicly, and then, in consequence of ex- 
tensive abuse to which she was subjected 
in Sweden, she felt impelled to write. 

She was first appreciated in Germany, 
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which is, perhaps, among the leading 
countries of the world, the best fitted t<. 
accept the particular form of feminism 
based upon the biology and psychology <>} 
woman, which Ellen Key advocates. 

Many years ago, Ellen Key found herself 
compelled to protest against the aims ot 
those feminists who preach sex antagonism, 
and who especially desire the evolution n\ 
woman to proceed on masculine lines. In 
1909 appeared her book “ The Woman’.- 
Movement.” which was published in thb 
country and the United States in an 
English translation m 1913. 

The English reader can already possess 
himself of “ The Century of the Child ” and 
“ Love and Marriage.” By general consent . 
“ The Century of the Child ” is a work of 
the highest authority, especially in its 
chapters on education. Therein speaks a 
woman who has had long experience of 
teaching, who is a child - psychologist, and 
who adds a woman’s intuition to the 
scientific knowledge which we owe to such 
men as Professor Axel Key, the distin- 
guished educationist, who is her brother. 

“ Love and Marriage ” is a much more 
important volume, because of the problems 
with which it deals, and the daring with 
which they are attacked. In this book the 
author shows herself a champion of the 
sanctity of love, and of the personality of 
each man and woman. Her conception of 
marriage as a union of the senses and the soul 
is nobly stated and defended, and we find 
that she comprehends and extends Galtonian 
eugenics in something for which, un- 
fortunately, she can find no better name at 
present than “ erotoplastics ”— -the making 
of the future through love. At the present 
time this book is the centre of active dis- 
cussion in Europe and America, but the 
reader must be warned against accepting 
all the critical statements of its teaching, 
which is inexcusably parodied and mi>- 
stated in, for instance, the volume 
” Marriage and the Sex Problem,” trans- 
lated from a Swiss writer, and published 
in this country at the end of 1912. 

ROBERT KOCH 

Discoverer of the Cause of Consumption 

Robert Koch was born in Hanover on 
December n, 1843. He received his medi- 
cal education at Gottingen, and soon began 
to work at bacteriology, along the line* 
which were just being laid down by Pastern 
So successful was Koch in this field that 
he will always take rank as the first and 
greatest follower of the immortal Frenchman- 
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As early as 1876, Koch obtained a pure 
ulturc of the anthrax bacillus, and thence 
in' was able to devise preventive methods 
! >f inoculation which have proved very 
wduable. In 1882 he made his chief 
liscovcry, of the bacillus of tuberculosis, 
which had long been sought, but yielded up 
its secret only to the ingenious technique 
which Koch had spent years in elaborating. 
In the following year Koch was appointed 
! )irector of the German Cholera Commission, 
.mil succeeded in identifying the comma 
bacillus, as it is called from its shape, which 
i» the cause of that terrible disease. 

In 1885 Koch was made Professor in the 
University of Berlin, and Director of the 
Institute of Hygiene. He set himself the 


Koch’s life-work arc thus being realised only 
after his death. 

In iqoi Professor Koch made a remark- 
able announcement at the London meeting 
of the International Congress on Tuber- 
culosis, to the effect that the tubercle bacillus 
of man and the ox are wholly distinct, the 
latter being innocuous to man. Undoubtedly 
Koch was wrong in this statement, which 
was based on inadequate experiment, and 
has since been disproved, especially by the 
work of the Royal Commission on Tuber- 
culosis, appointed in this country after 
Koch’s prono uncement . 

In the ’nineties Koch studied the 
rinderpest of South Africa, and also the bu- 
bonic plague in India. In the lattei years 
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task of elaborating, from tubercle bacilli, a 
remedy for consumption. In 1890 he intro- 
duced his tuberculin, which was hoped to 
prove a cure for consumption, but it proved 
inadequate, and caused intense disappoint- 
ment. It had its uses, however, especially 
in diagnosis. Later, Professor Koch intro- 
duced a new’ tuberculin, called “ Tuberculin 
R,” which is much more valuable. At the 
present day the use of the new tuberculin is 
spreading very rapidly, and its utility is 
beyond question. Rontgen ray photo- 
graphy of the lungs has recently been 
perfected, so that the action of any remedy 
upon those organs can be definitely traced 
b * *in week to week, and the value of tuber- 
' 11I in can no longer be denied. The best 
mid most beneficent results of Professor 


of his life he made further expeditions in 
Africa, and found the organism of sleeping 
sickness to be present, as an apparently in- 
nocuous parasite, in the blood of many large 
animals, such as the crocodile. This dis 
covers led to the demand for carle blanche 
for big-game hunters in Africa ; but it i> 
probably not necessary to exterminate 
all the larger African fauna in order to con- 
trol sleeping sickness. Professor Koch died 
in Berlin on May 28, 1910. 

RENE LAENNEC 
Inventor of the Stethoscope 

Ren6 Lacnncc was born at Ouimper, in 
Brittany, on February 17, 1781. His unde 
made a doctor of him" and after studying at 
Nantes lie took his degree in Paris in 1804. 
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He devoted himself especially to the study 
of pulmonary tuberculosis or consumption, 
and added much to our knowledge of the 
ravages produced in the lungs by that 
disease. In 1816 he became chief physician 
to the Necker hospital, and there he tried to 
devise better methods for studying the 
condition of the lungs during lift*. Every- 
one knows that the breathing may produce 
audible sounds, such as “ wheezing.” 
These sounds are louder when the ear is 
applied to the chest, and then one hears not 
only normal and abnormal sounds of respi- 
ration, but also the beating of the heart. 
This is the means of diagnosis which is 
now known as immediate auscultation. It 
is susceptible of little precision, for the ear. 
thus used, gathers sounds from far too large 
an area of the body. Laennec needed some- 
thing better, and so lie invented the wooden 
tube which he called the stethoscope, 
meaning literally something that sees in- 
side the chest. 

In 1819 Laennec published his celebrated 
“ Treatise on Mediate Auscultation,” in 
which he described the use of the stethoscope 
by the method of auscultation with the 
medium to which he gave that rather un- 
suitable name. In the Rontgen rays we now 
have a veritable stethoscope, and can 
actually see inside the chest, but the value 
of Laennec’s simple invention remains. For 
many purposes it is best elaborated, with 
two ear-pieces and a couple of indiarubber 
tubes, forming the “ binaural stethoscope.” 
By means of Laennec’s invention the 
physician can make a minute study of the 
sounds produced by small areas of the body, 
and the early diagnosis of consumption in 
especial has been greatly facilitated. 

For a short period Laennec taught 
medicine in the College de France, but his 
health was undermined, and on August 13, 
1826, in his maturity of knowledge and in- 
tellectual power, I10 died, a victim to the 
terrible disease which he had spent the 
greater part of his life in studying. 

JEAN BAPTISTE LAMARCK 
The Real Founder of Organic Evolution 

Jean Baptiste Lamarck was born on 
August 1, 1744. at Bazentin. in Picardy, 
of a noble family. His father destined him 
for the Church, and he studied with the 
Jesuits at Amiens, but when his father died 
he joined the army. At Toulon and in 
Monaco he became interested in the superb 
and varied flora of the Mediterranean. 
When his ill-health compelled him to leave 
the army, he started the study of medicine 
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in Paris. Botany still interested him 
particularly, and, thanks to Buffon, he 
obtained a post which gave him the chance 
of travelling through Europe and studying 
plants everywhere. He published main 
treatises on botany, and gained a great 
reputation. 

Then, wlum most men have finished their 
original work, came Lamarck’s opportunity. 
He had to turn his attention from botanv t<> 
zoology, on which subject he began to lecture 
when he was just short of fifty years old. 
For a quarter of a century he studied and 
lectured on zoology, and especially upon 
those animal forms to which he himself gave 
the general name of invertebrates. 

For us, today, Lamarck stands out as the 
supreme naturalist of his time, and as one 
without a superior in the whole history ul 
biology. His countrymen have long ;q> 
predated him, though Cuvier's influence 
was supreme during his life : but in this 
country it is, or was until lately, still the 
fashion to look upon Lamarck as a fantastic 
speculator who had one or two good ideas, 
but no substance behind them. In our 
insular estimation, the great name of 
Darwin completely overshadows that of his 
French predecessor, but recent students are 
coming to see that Darwin's own estimate 
of Lamarck is really the more trustworthy. 

The great work upon which the fame <>t 
Lamarck will always securely rest is lib 
“ Philosophic Zoologique,” published in 
i8i)i), the year of Darwin’s birth, and exactly 
half a century before the ” Origin nl 
Species.” This “ justly celebrated natural- 
ist,” as Darwin calls him, first published his 
views in 1801, and he finally amplified them 
in his great ” Natural History of Inverte- 
brates,” which was published in 1815. Bnl 
the ” Philosophic Zoologique ” is lib 
acknowledged masterpiece. In Darwin’" 
words, “ In these works lie upholds the 
doctrine* that all species, including man. 
are descended from other species. He 
first did the eminent service of arousing 
attention to the probability of all change in 
the organic as well as in the inorganic 
world being the result of law and not of 
miraculous interposition. Lamarck seems 
to have been chiefly led to his conclusion on 
the gradual change of species by the diffi- 
culty of distinguishing species and varieties, 
by the almost perfect gradation of forms in 
certain groups, and by the analogy ^ 
domestic productions.” 

“ With respect to the means of modifica- 
tion, he attributed something to the direct 
action of the physical conditions of lil‘ - 
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something to the crossing of already existing 
forms, and much to use and disuse — that is, 
to the effect of habit. To this latter agency 
he seems to attribute all the beautiful 
adaptations in Nature, such as the long neck 
of the giraffe for browsing on the branches 
of" trees. But he likewise believed in a 
law of progressive development ; and as all 
the forms of life tend thus to progress, in 
order to account for the existence at the 
present day of simple productions, he main- 
tains that such forms are now sponta- 
neously generated.” 

bamarck did not live to see his views 
excepted, partly owing to the influence of 
Cuvier, but mainly owing to the simple 
fact that he was far in advance of his time. 
It was quite different fifty years later, when 
“ evolution was in the air/’ If we remem- 
ber how, even then, the “ Origin of Species ” 
was received, though it contained practically • 
no reference to man, we may imagine how 
unready the world was in i8oq for the 
theory which denied the Constancy of 
species, denied special creation, and in- 
cluded man in a general doctrine of “ trans- 
formism ” or ” theory of descent,” to use 
the older names. Yet Lamarck was a 
colossus; and at this very day the experi- 
mental study of evolution is directed, all 
over the world, to these very theories which 
lie put forward a century ago -above all. to 
the influence of what he called the “ milieu 
environnant,” translated by us as the 
“ environment.” 

To Lamarck w T e owe the use of the term 
” biology.” He came to the study of 
animals after many years devoted to 
plants, and thus lie saw life as a whole, 
without the narrowness which specialism 
usually involves. Further, he had the 
great advantage of being required to begin 
with a special study of the invertebrates. 
The larger animals,, the birds, mammals, 
and reptiles had been chiefly studied, and 
they are all so definite and distinct that 
they favoured the idea of “ special creation.” 
No one before Lamarck had made any proper 
study of the invertebrates,, which were 
smaller and less like man, and therefore less 
interesting. But among these animals “ not 
the marked differences, but the numerous 
relations, the endless varieties and resem- 
blances, seem to command our considera- 
tion.” Are we really to believe that the 
eighty thousand varieties of beetles were 
each separately created ? In Lamarck’s own 
words, these humbler forms of life seem to 
he much more likely to “ make us under- 
hand the beginnings of all organisation, as 


well as the cause of its complexity and its 
development.” 

Approaching biological problems from 
the side of botany, and then studying espe- 
cially the simpler animal forms, Lamarck 
always laid special stress upon environment, 
which is so obviously potent to change the 
form of plants, though we do not see such 
large consequences of its action upon the 
structure of the higher animals. He argued, 
further, that these environmentally induced 
changed could be inherited, so that species 
might thus be modified. This is the part of 
his theory which is most generally known ; 
but the curious fact is that Lamarck has 
been almost wholly made known to the 
world not in his own writings, but by his 
critics, who were not fair to him. Thus we 
find Darwin, attributing to Lamarck 
various statements, and condemning them 
as ” nonsense,” and “ veritable rubbish ” — 
which, in fact, cannot be found in his 
writings ; and it is on record that Sir Charles 
Lyell, when he studied Lamarck for him- 
self, found that he had done him injustice. 

Now that we see the theory of “ natural 
selection ” to tell us nothing as to the origin 
of the forms which Nature has selected, or 
tolerated, we find that we require, to frame 
some other theory as the origin of pro- 
gressive variations. And then wc find that 
Lamarck was in the field a century Indore 
us. All possible theories as to the mw 
origin of new forms are already to be found 
in his writings. We now all admit what 
he asserted — that “ species have arisen by 
natural causes.” and not by “ special 
creation,” and it remains only for us to 
submit the Lamarckian theories to experi- 
mental observation. What are the effects 
of us“ and disuse, of modified nutrition, of 
hi- parental reproduction, and so forth ? 

Lastly, Lamarck always believed and 
taught tiiat function precedes and creates 
structure. He allows something for the in- 
ternal force, “ elan,” purpose, of life itself. 
In this respect he is definitely not a mechani- 
cist, but is to be looked upon as the logical 
predecessor of such a naturalist as Driesch 
today, or such a philosopher as Bergson. 

Lamarck was a devoted worker, and 
ultimately lost his vision in the service of 
knowledge. In his latter years he was blind, 
and very poor, but, thanks chiefly to life 
eldest daughter, he went on working, and 
completed his' natural history of inverte- 
brates in 1822. Thus, blind, in poverty, 
and disbelieved by his con temporaries, died 
the founder of organic evolution, on 
December 18, 1820. 
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EXPLORERS 


JAMES AUGUSTUS GRANT — EXPLORER 
OF THE SOURCE OF THE WHITE NILE 

SIR SVEN ANDERS HEDIN — EXPLORER OF 
THE DESERT OF CENTRAL ASIA 

HENRY HUDSON— AN ELIZABETHAN IN 
QUEST OF THE NORTH POLE 

COMTE DE LA PEROUSE— A TRAGEDY OF 
THE PORT OF LOST SHIPS 

JAMES AUGUSTUS GRANT 
An Explorer of the Source of the White Nile 

^olonel James Augustus Grant, born 
v> at Nairn on April n, 1827, entered the 
Bengal A* my in 1846, and chummed up in 
India with another British officer, Lieutenant 
Speke. They were both the same age, and 
both fond of field sports, and by reason of 
its results their friendship afterwards 
became famous. Grant went through the 
Indian Mutiny, his own regiment having 
rebelled, and he was wounded at the Relief 
of Lucknow. In 1858 he came back to 
England to recover his health ; and when 
Speke was commissioned by the Royal 
Geographical Society to discover the actual 
source of the Nile, his old friend volunteered 
to go with him. 

They left Plymouth on April 30, i8bo, 
and on October 2 set out from Bagamoyo, 
now a town in German East Africa. After 
a march of 500 miles, they arrived at Kazeh. 
Their mules died, their native followers fell 
ill. and Grant became delirious with some 
tropical fever. Three attacks of it so 
weakened him that he could not walk, and 
Speke was obliged to leave him behind and 
L r o on alone to Uganda. 'Though in great 
pain. Grant had himself carried northward, 
and joined Speke after a separation of four 
months. Nearing the source of the Nile, 
they again divided, Speke going by the 
water route, and Grant by the land tract. 
So it fell to Speke to discover the Ripon Falls, 
where the Victoria Nyanza discharged itself 
to form the main waters of the White Nile. 

The two friends had much trouble with 
the king of the country north of Uganda. 
He would not allow them to pass through 
his territory, for he had heard that the two 
white men were cannibals who required a 
supply of men and women for their daily 
food, and drank enormously. But by tact 
jtnd patience Grant managed to win the 
favour of the king, who then became 
troublesome in another way. He would not 
kt the two explorers depart, but wanted 
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them to assist him in his wars. However, 
they sailed up the White Nile, and, striking 
through a great forest, came upon a camp 
of Egyptian ivory- traders. By keeping with 
their caravan of three hundred men they 
reached Gondokoro on February 1, 1863, 
where they met Sir Samuel Baker. 

“ You have had a long walk, Captain 
Grant,” said Lord Palmerston, when the 
Scottish explorer returned to London, hor 
some years Grant was only regarded as the 
lay figure in the discovery of the source of 
the Nile. Loyalty and modesty led him to 
postpone his fame and interests to his 
friendship, and all the credit for the results 
of the expedition was generally ascribed to 
Speke. But, as a matter of fact, if Speke, 
with his experience, was the leader in the 
work of exploration, Grant was the soul of 
the expedition. Educated at Marischal 
College, Aberdeen, in botany, natural his- 
tory, chemistry, and mathematics, he sup- 
plied the scientific knowledge in which Speke 
was deficient. While Speke lived, he gave 
him all the results of his researches and 
studies, with the sole idea of enhancing the 
renown of his friend. It was with some 
difficulty that Speke induced him to write a 
separate book on the domestic life and racial 
traits of the peoples with whom he had lived 
in the unknown parts of Central Africa. 
As Goldsmith said, “ modesty is a plant 
that only grows in a noble soil.” 

During the Abyssinian War, Grant served 
in the intelligence department of the army 
of rescue. As his health was impaired by 
his former toils and fevers, he retired after 
the war from the Service, and spent the rest 
of his life mainly at Nairn, where he died, 
on February 11, 1892. 

SIR SVEN ANDERS HEDIN 
Explorer of the Desert of Central Asia 

Sven Anders Hedin, the greatest of living 
Asiatic explorers, is the son of a Swedish 
architect, and was born in Stockholm in 
1865. Educated in his native town and at 
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the chief university of his country, Upsala, 
he began bis life's adventure at twenty 
by wandering through Mesopotamia and 
Persia. In 1890 he was a member of an 
embassy sent by King Oscar to the Shall 
of Persia, and he profited by this occasion 
for studying further the languages of Asia. 
Thus he made a journey through Kliorasan 
and Turkestan, picking up more curious 
foreign tongues. He went as far as Kashgar 
to ascertain if it would serve as a base of 
operations for the exploring of the heart of 
Asia, on which he had long set his mind. 
His interest in Persia was so aroused that 
he returned to it later overland from the 
Black Sea, and made a most useful journey 
through the salt deserts to the eastward of 
Teheran, and so by way of the River 
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Helmund and Beluchistan reached India. 
During the journey he traced in part the 
historic route of Marco Polo through Persia. 

For several years lledin had been busy 
studying the geography of Central Asia, 
partly at home, and partly at the University 
of Berlin, under Baron von Richthofen, 
who had won fame by his scientific explora- 
tion of China in i860 and 1868-72. Richt- 
hofen’s teaching was especially valuable, 
for he was a first-rate geologist, as well as a 
geographer, It is doubtful if any man, and 
particularly any young man with the 
ambition to explore unknown countries, has 
ever trained himself so thoroughly for his 
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work as Sven Hedin did. With a magnificent 
physique and a well-stored mind, he set out 
in 1893, knowing already the most impor- 
tant languages he would need in his lonely 
journey, and with a practical experience <I| 
native ways and Asiatic travel. He had 
dreamt a dream in early boyhood when 
Nordenskjdld had thrilled all his Swedish 
countrymen by sailing from Sweden to the. 
Pacific Ocean by the North-East Passage 
so vainly attempted for hundreds of years. 

Hedin was attracted by the mystery and 
perils of the vast deserts of Central Asia, and 
lie devoted all his youth and early manhood 
to the task of preparing himself for his great 
adventure. He learned to draw, to climb, 
to sail, to use all the scientific instruments 
in any way helpful to him ; and in spite of 
his intense study he kept himself as fit as 
an athlete training for a long race. Setting 
out from Stockholm on October 16, 1893, In- 
travelled by steamer and rail to Orenburg a- 
his starting point. He returned to Stock 
holm, by way of Peking, on May 10, 1897. 

Between these dates he had crossed in 
two directions the most terrible desert in the 
world, the Takla-makan ; he had explored 
unknown regions in northern Tibet, and 
made three excursions in the Pamirs ; he 
had cleared up the mystery of a st range- 
desert lake, Lop-nor, mentioned by Marco 
Polo, and had generally drawn back the 
curtains of darkness that covered a large part 
of Central Asia. He had mapped out thou- 
sands of miles, investigated the geology of 
unknown regions, studied the winds, mois- 
ture, and temperature on plains and moun- 
tains and wildernesses, had mixed on 
friendly terms with unknown tribes, learnt 
their customs, measured their heads, photo- 
graphed them, and studied their religion- 
and languages. He had also collected 
plants, had examined the ruins of ancient 
civilisations, had estimated the volume, 
speed, and depth of the strange rivers that 
lost themselves in deserts where the wild 
horse and the wild camel still range at large. 

It was only by the happiest chance that 
the young explorer did not perish in t he 
desert. After trying ter reach the top of ■ 
Mus-tagh-ata, or the Father of the he 
Mountains, which is the loftiest height ot 
the Pamirs, towering lip 25,600 feet, * id 
overlooking the barren wastes of Central 
Asia, Sven Hedin came down, with hi> 
strength broken and his eyes bandaged, and 
sought a warmer climate. Four tinier In’ 
attacked the ice mountain, but only climbed 
20,660 feet, and was beaten back by 
tempests. He then turned to the Takla- 
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makan desert, eastward of the Mus-tagh-ata, 
;iiid entered the awful sea of sand, 
n/iling in yellow waves ioo feet to 200 feet 
high. It was very slow travelling, and the 
(l imels broke down for want of water. 
Some had to be shot to put an end to their 
sufferings, and Hedin and his native 
followers trudged on in search of the K hot an 
River. It was .on May 1, 1895, that every 
drop of water was spent, and the camp of 
(hath was pitched in the heart of the 
unexplored wilderness. 

Like his men, Hedin grew delirious with 
thirst, and thought he was sitting in the 
ro^e garden of a merchant’s house in Bagdad, 
with a fountain of water playing beside him. 
fliis indeed had happened nine years 
before ! He lay for a day with wild fancies 
running through his head ; then, as he 
savs, something like a miracle occurred. He 
sprang up, resolved that he would not die. 
He set out with one man who could still 
walk, and on May 5 reached a forest, and 
chewed some tamarisk leaves. But no 
water was found, and in the evening the 
native fell and could not rise. Hedin fell 
too, but kept on, partly crawling and partly 
staggering on his feet. 

At the end of the forest he found the 
river. It had dried up ; its bed was as 
parched as the desert around it ! Still, 
Sven Hedin would not lie down and sleep, 
and never wake. Steeling himself by the 
strongest effort, he kept awake, and after 
going about a mile and a half lie found a 
pool of water. He drank six pints of water, 
and, far from feeling any ill effect, his 
energy returned and his pulse beat faster. 
Filling his long waterproof boots with water, 
lie went back to his native companion, and 
sued his life. Another member of the 
caravan was saved by some shepherds. 

Undaunted by these terrible experiences, 
the Swedish explorer adventured again into 
the desert of death, crossed it in another 
direction, and discovered some ancient 
rities buried in the sands. These were 
afterwards excavated by I)r. Aurel Stein. 
Sven Hedin went on to the desert of Gobi, 
and settled some problems connected with 
it, and reached Peking after spending more 
than a thousand days in the heart of Asia. 

Written in an uncommon and vivid 
st yle, the tale of his travels at once became 
on, ‘ of the classics of exploration. 

In 1899 h e returned to the desert, where he 
nearly perished, and surveyed the great 
Kiver Tarim, that flows along the edge of the 
wilderness, and sinks at last in the sands. 
He then went on to Tibet, and returned to 


Europe in 1902. Four years later, the 
passion for adventure again led him into the 
unknown regions of the world. He went 
overland to India, intending to cross the 
frontier and explore Tibet, but the British 
authorities could not permit him to do so. 
So he set out from Kashmir, ostensibly for 
Turkestan, but suddenly turned into the 
forbidden land. The Tibetans tried to force 
him to retrace his path, but he succeeded in 
exploring the southern part of the country, 
and interviewing the Tashi Lama, and 
investigating the hitherto unvisited sources 
of the Brahmaputra by 1907. 

HENRY HUDSON 

An Elizabethan in Quest of the North Pole 

Henry Hudson, the great Elizabethan 
navigator, was possibly the son of a London 
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alderman. But all that is known certainly 
about his early life is that he was a citizen 
of London, had a house there, and was 
bred up in the service of the Muscovy 
Company. He emerges into the clear light 
of history in the spring of 1607, when he 
fitted out a cock-boat, called the “ Hopeful,” 
and set forth from Greenwich on May 1 to 
discover a passage to China across the 
North Pole. Hudson was not unaware of the 
perils and difficulties of such a voyage, for 
the result of Barentz’s fatal attempt was 
known to him, and he had studied the best 
charts of his age. Yet with a crew of eleven 
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men and a boy, in a craft about the size of 
the smallest collier brig, he aimed at sailing 
right across the Pole to Japan ; and as an 
actual achievement in Polar exploration he 
succeeded in making as careful a trial of the 
possibilities of this extraordinary voyage 
as has ever been done in modern times. 

Taking his little son with him on the 
voyage, he sighted the east coast of Green- 
land on June 13, 1607, and continued along 
a northerly course for nine days. In so doing 
he discovered a large stretch of new land, 
that he named “ Hold With Hope.” Then, 
steering north-easterly along the edge of the 
pack-ice, he came to Spitzbergen, and dis- 
covered more new land there. Turning back, 
he attempted the magnificent feat of sailing 
round the unknown north end of Greenland, 
and returning to England by Davis Strait, 
but the ice blocked him. After discovering 
a lonely island that is now improperly 
named Jan Mayen, after a Dutch skipper 
who saw it some years later, Hudson re- 
turned safely to the Thames on September 
15, 1607. Both from a geographical and a 
commercial point of view' his voyage was 
important. lie reached almost as high a 
latitude as Scoresby did two hundred years 
afterwards ; he discovered new lands in 
Greenland and Spitzbergen ; and he was 
able to bring to the Muscovy Company news 
of a great whale-fishery that was richly 
exploited for two hundred years. 

It was no doubt owing largely to this 
practical success that Hudson was provided 
the following year with the means of fitting 
out a second expedition. He sailed from the 
Thames on April 22, 1608, and reached the 
coast of Novaya Zemlya on June 2b. But 
he found the ice barrier impenetrable by 
his small craft. After examining the coast of 
the wild Arctic island where Barentz had 
perished in a similar attempt to sail round 
Siberia to China, lie turned his vessel south- 
ward, and arrived at Gravesend on August 
26. As there were no commercial results 
from his second Polar voyage, the Muscovy 
Company declined to finance a third expedi- 
tion. So Hudson entered the service of the 
Company of Amsterdam, and received in 
1609 the command of a vessel in which he 
intended to follow the track of Barentz, and 
further extend the exploration of the 
Siberian route. But when he reached the 
Arctic seas his crew were disheartened by 
the cold and ice, and they threatened to 
mutiny if Hudson did not turn back. They 
were, in fact, already in open rebellion, and 
Hudson was compelled to listen to them. 

In order to pacify the mutineers, he 
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proposed to them to seek for a passage tu 
China through Davis Strait, and with sonic 
troubie he got them to agree to this course. 
He landed on the American coast, replaced 
his foremast, which had been broken in a 
storm, and profited by the occasion to start 
trading in furs with the natives, but his 
undisciplined sailors made the natives 
angry by their exactions, and Hudson was 
compelled to set sail. He continued to 
follow the coast northward, and on August 3, 
1609, as he passed by Hudson River, his pro- 
visions began to run short, and his mutinous 
crew compelled him to return to Europe. 
He reached Dartmouth on November 7. 

In the following year, 1610, Hudson 
tried to renew his engagement with the 
Dutch Company, but the terms they 
offered were so poor that the famous navi 
gator approached the English Company 
again. His old masters were willing to lit 
out a ship for him, but for some reason they 
insisted that he should take as an assistant 
a skilled seaman named Coleburne. Hudson 
was mortified by this proposal, but in- 
pretended to agree with it, and Coleburne 
entered the ship. Hudson asked him to 
take a letter to the Company, and while the 
man was gone he sailed away to the north 
of America. The crew, however, were angry 
at his treatment of Coleburne, and they 
formed their first conspiracy against him, 
which Hudson repressed on June 1. He 
passed Frobisher's Strait, and sighted tin- 
land of desolation of Davis. Then, entering 
Hudson's Strait, he burst into Hudson V 
Bay, and spent some time examining the 
entire western coast. 

In September one of his officers again 
tried to excite revolt against his rule. 
Hudson was compelled to strip him of hi> 
rank, but this act of justice only exasperated 
the sailors. In the early part of November. 
Hudson reached the extremity of the bay 
named after him, fixed on a spot to wintci 
in, and drew his ship up on dry land ; tor 
though he had left England with only six 
months' provision, he was resolved to face 
the Arctic winter rather than give up tht 
search for the North-West Passage. Happily, 
his crew were able to kill a great number ot 
birds, and so, though their rations were 
scanty, they did not have a very distressing 
winter. But when spring came and the k'c 
cleared away, and Hudson prepared to sail 
his ship, he found that the sailors were 
resolved to get rid of him. Undisturbed by 
the conspiracy, the brave navigator distri- 
buted to each man his share of biscuit am* 
paid each the wages due, and waited for the 
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outcome of the successful conspiracy. He 
had not long to wait. The crew seized their 
captain, his son, and seven men who took 
part, put them on board a boat without 
aims, provisions, or instruments, and left 
them to an awful death on June 23, 1611. 

It was one of the foulest deeds in the 
history of English seamanship. The mur- 
derers who survived the return voyage 
to England do not seem to have been 
punished for the crime. Perhaps the 
Muscovy Company resented the trick that 
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Hudson had played them in regard to 
Coleburne, and did not at once try to 
arrive at the truth of the matter. 

COMTE DE LA PEROUSE 
A Tragedy of the Port of Lost Ships 

Jean Francois de Galaup, Comte de la 
Perouse, was born near Albi, in the French 
department of Tarn, on August 2 2, 1741. 
The most distinguished of French navigators 
was early notable for his bravery in the 
navy of France. He fought with gallantry 
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against England as a mere youth. He was 
taken prisoner by Hawke when eighteen, 
but lived to regain his freedom and to play 
havoc with British possessions in Canada, 
and to capture in Hudson's Bay a couple of 
British forts. But it is as a navigator that he 
is of importance to us and dear to France. 

To her he represents one of her great 
might-have-beens. She has, in imperial 
concerns, two regrets. One is that the Peace 
of 1783 put an end to the expedition of 
Barras to India, which, they say, but for 
that “ untoward ” treaty, would for ever 
have ended British dominion in India. The 
other is that practically all the work of 
La P6rouse should have perished with him. 



The passion of the French for the soil on 
which they were born kept them too long 
at home. Spain, Portugal, Holland, and 
England had been out into the highways and 
byways of the world's waters and had 
planted their (lags, but France had re- 
mained shut up to a great extent within her 
own borders, except when she was striding 
across a bloodstained Europe. La Perouse 
was sent out to garner everything in the way 
of territory lying unclaimed, and specially 
to lay hold of what is now Australia. It is 
pleasant to reflect that, although his mission 
was actually hostile, in this particular, to 
Great Britain, it was accomplished, so far 
as it went, without recourse to warfare. 
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When the American War broke out, 
Louis XVI. decreed that his ships should 
everywhere show respect to those of Captain 
Cook ; and when the time came for renewal 
of hostilities, Sir Joseph Banks so actively 
bestirred himself that a similar courtesy 
was extended by Great Britain to La 
Perouse, “ should he be still alive.” The 
probability is that the valiant navigator’s 
bones were at the time bleaching in some 
sea-steeped coral cave. The intention, how- 
ever, was chivalrous, and in amiable con- 
trast to the treatment meted out on both 
sides to other peaceful citizens of the deep, 
notably in the case of Matthew Flinders, 
who was arrested by France, kept prisoner 
in a French garrison for six years, his 
magnificent Australian surveys being stolen, 
and preparations made to turn his work 
to wrongful account by making French 
possessions of all the lands that his note- 
books described. 

It was in 1785 that La Perouse set sail 
with two vessels from Brest to circum- 
navigate the globe. He was sent out by tin* 
French Government, in answer to a wave of 
enthusiasm for exploration and empire, 
stimulated by the magnificent work achieved 
by Cook. He was instructed so to shape his 
policy as to add to the common knowledge ol 
geography, astronomy, natural history, and 
philosophy, and to collect accounts ol 
manners and customs in the strange places 
at which he was to touch. He took with him 
astronomers, naturalists, philosophers, 
skilled artificers, and mechanics, and the 
finest equipment that France could furnish 
in the way of scientific instruments for 
determining the differences in gravity at 
various points, the true proportion of the 
equatorial to the polar diameter of the earth. 
He was to inquire also into the possibilities 
of the fishing and fur trades of North 
America, and to make the North-West 
Passage, which Cook had failed to achieve. 

After doubling Cape Horn and exploring 
the coasts of California and Macao, he made 
important discoveries from China to Kami 
chatka. His name, bestowed upon the 
strait dividing the island of Saghalien from 
Yezo, showed that the long-sought continent 
did not exist in that latitude. From Petro 
pavlovsk he sent home by the overlain 1 
route a missive telling the story of hh 
voyage to date, and that report was in dm 1 
time published as " Voyage Autour de 
Monde.” Sailing from Kamtchatka, h 
reached Botany Bay, ready to hoist the 
French flag. But he found the British 
already in possession; so, after an exchange 
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of hearty compliments with the friendly 
i-ncmy, lie set sail again for home. 

That was in February, 1788, and he was 
never seen again— neither he nor his crews. 
Mystery enveloped captain and crews as 
complete and tragic as that which was after- 
wards to envelop the Franklin expedition 
to the North. Though separated by time, 
the lines of the two men crossed. Franklin’s 
tirst long voyage was to the Australian 
roast, where La Perouse was last seen. His 
first footing in North America was at Fort 
York, in Hudson’s Bay, by the capture of 
which La Perouse had first gained fame. 
Many ships in many seas sought the un- 
fortunate La Perouse. Sir Joseph Banks, 
to whose generous nature the tragedy 
greatly appealed, had benevolent sea-dogs 
on the look-out in every ocean and sea and 
strait. Nearly forty years passed before 
the cloud of mystery was dispelled. Then, 
in 1826, Captain Peter Dillon found two 
dismal wrecks upon a coral reef off Vanikoro, 
north of the New Hebrides. 

When Franklin was governor of Van 
Dieman’s Land, he caused a monument to 
he erected at Port Lincoln, at the entrance 
to Spencer Gulf, which Flinders, his kinsman 
and old commander, had discovered. And 
two years after the unhappy fate of La 
Perouse was made known, Dumont 
d’Urville, with pious affection, journeyed to 
the scene of that disaster, and paid similar 
Homage to the gallant and skilful navigator 
whose life had been surrendered there in the 
cause of knowledge. How the ships went 
down can, of course, only be surmised. 
P>oth were shattered on the same reef, and 
all must have perished in company. La 
Perouse was the first and last of the great 
French navigators, and with him died the 
wave of French enthusiasm for travel 
beyond the unknown seas. The date of his 
death cannot, of course, be definitely 
known, but it is almost certain to have 
occurred in the year 1788. 

SIR HENRY AUSTEN LAYARD 

The Man who Found a Lost World 

Henry Austen Layard, the discoverer ol 
Nineveh, was born in Paris on March 
5. 1817. Parisian by birth, partly Italian 
by education, English on his father’s side, 
Spanish on his mother’s, Layard certainly 
possessed the qualities and imagination 
necessary to befit him for the romantic 
quest in which he was destined to engage. 
The suggestion of mixed nationality once 
pn>ved a disadvantage when he sought the 
suffrages of an English constituency, where 


the mention of a foreigner was anathema. 
Layard, however, turned the tide in his 
favour by reminding his audience that if 
a man happened to be born in a stable he 
would not be described as a horse 

It was the reading of the “ Arabian 
Nights ” that determined Layard’s career. 
41 To them,” he says, “ I attribute that 
love of travel and adventure which took me 
to the East and led me to the discovery of the 
ruins of Nineveh. They give the truest, 
most lively, and the most interesting pic- 
ture of manners and customs which still 
existed amongst Turks, Persians, and Arabs 
when I first mixed freely with them.” It 
was the same book that sent Sir George 
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Taubman Goldie to his great work in Africa 
in our own day. 

But there were few fairy visions in the 
preparation for life which Layard had to 
undergo. His father articled him to a 
relative, a lawyer in London, who, although 
he entertained with lavish generosity, was 
none too liberal with his romantic nephew. 
At his house Layard met Disraeli, who wrote 
a considerable part of “ Vivian Grey ” under 
that roof, and roughly snubbed the youth, 
who was at that time disposed to admire him 
as a traveller in the fabled East. It was 
at his uncle’s table that Layard heard his 
host called away from dinner to rescue 
Disraeli from a debtors’ prison. 
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The drudgery of a lawyer’s office was 
hateful to young Layard ; and often enough 
at night, when his uncle imagined that he 
was grinding away at his law-books, he was 
quietly entertaining poor Polish refugees 
in his rooms at a modest supper of sprats. 
The fare may have been humble, but the 
talk was exalted — of thrones overturned 
and tyrants (leposed, and downtrodden hu- 
manity redeemed from bondage. Between 
whiles Layard, thanks to the assistance of a 
moneyed friend, managed to see something 
of the more or less untrodden ways of 
Europe, and each experience more and more 
whetted his appetite for travel. He was 
indeed a born nomad. During a holiday, 
when returning up the Thames from 
Ramsgate, where he had just left his mother, 
he saw a steamer advertised to sail for St. 
Petersburg; and, just as the sight of a cake 
of soap or a razor could inspire in another 
happy genius the desire to shave, so this 
picture tired Layard with the resolution to 
4 4 do ” Russia and Sweden and Norway. 
He had just enough money to cover the 
route by living modestly and travelling 
“ third — and this he did, with adventures 
enough to till the average traveller’s diary. 

Just when Layard should have been 
entering for his final legal examination, his 
uncle arrived from Ceylon, and to Ceylon 
he would go, to practise law, or plant coffee, 
or something else, but anyhow to Ceylon. 
He passed his examination, drew from his 
mother /joo, and arranged that a similar 
sum should be handed to him upon his 
arrival in ('ey Ion, but he never called for 
it. Of course, he could not go by sea, or 
he would not have been Henry Layard ; lie 
would go overland, through Europe, Central 
Asia, and India ! And, setting out to make 
his fortune as a lawyer at the Ceylon Bar, 
his heart was secretly leaping at the thought 
that at last he would visit the scenes of his 
beloved “ Arabian Nights.” It did not 
matter that England and Persia were 
apparently on the eve of war ; he meant to 
cross the country and explore the mountains 
of Luristan. to enter India by way of Afghan- 
istan, and traverse the entire peninsula on 
foot. He set out with a companion in 1839, 
and gratified his heart’s desire by rambling 
hither and thither in Persia and Turkestan 
and elsewhere, and, instead of Ceylon, 
turned up at — Constantinople. Ceylon, like 
the English Bar, iiad gone by the board. 

During his wanderings in Asia Minor he 
had formed a plan for excavating the 
buried glories of Mesopotamia; and, 
enlisting <he sympathy of Sir Stratford 
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Canning, then British ambassador at Con- 
stantinople, he was enabled to execute his 
plan. His excavations, which were among 
the most romantic, the most hazardous, and 
the most successful ever carried out, turned 
back the pages of a closed volume of history. 
They gave back Nineveh the mighty to the 
world ; they revealed Calah, as to which 
we learn from Genesis x. : “ Out of that 
land went forth Asshur, and builded Nineveh 
and the city Rehoboth, and Calah.” He 
unearthed the wonders and splendours of 
Babylon, and bridged the gap which 
divided Nebuchadnezzar and Sennacharib 
and the terrible heroes of Old Testament 
times from the nineteenth century. 

It was romantic, breathless work, which 
hardly any man but Layard could have 
achieved— Layard the daring, the per- 
suasive, the persistent, the tactful. He 
brought to England noble specimens of the 
colossal sculptures of these old-world 
cities, carved to gratify the artistic am- 
bitions of Sardanapalus. or to match the 
grandiose moods of Nebuchadnezzar or 
Sennacharib. He gives us the writings that 
these kings knew ; their signatures, their 
proclamations, their vainglorious records ol 
wars against Jerusalem ; the reports they 
or their officers received on such diverse 
matters as the sale of slaves, the gathering 
of armies and ordering of campaigns, 
eclipses of the sun and moon, the signs o! 
the zodiac, the appearances of clouds, rain, 
and storms ; the sale and letting of property, 
loans of barley, the rewards claimed by 
Babylonian detectives for the recovery ol 
golden tablets stolen by workmen from the 
temple. It is all as immediate and realistic 
as if the events related not to an age thirty, 
forty, or more centuries ago, but to the 
affairs of a kingdom of today. 

The glories of our Babylonian and 
Assyrian galleries at t lie British Museum 
attest the success of the efforts of t lii> 
intrepid and talented man, and of the suc- 
cessors whom he inspired. When Layard 
began, spade in hand, to delve into the buried 
mystery of past ages, there did not exist in 
Europe sufficient Assyrian relics to fill a 
handcart. The possessions of the British 
Museum were enclosed in a case three fed 
square, and into that was packed all that 
remained not only of the great city of Nine 
veil, but of Babylon itself ! It was thought . 
indeed, that Nineveh had perished utterly, 
palaces, sculptures, records and all ; that it 
had vanished like the Cities of the Plain. 
To Layard was left the task of showing 
that the mountainous heaps of rubbish 
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frowning upon the desert, the grass-grown 
mounds on which in spring the wandering 
Arabs pitched their murky tents and pas- 
tured their lean herds and flocks — that these 
mounds contained the city of tradition, and 
that here were hidden the long-sought 
relics which proved tradition accurate. 

Layard’s work is referred to in pages 
3977-79 of the present work. We may 
recall here one famous tableau, the finding 
at Nimrod of the first winged bull. “ I 
was returning to the mound when I saw 
two Arabs urging their mares to the top of 
their speed. On approaching me they 
stopped. “ Hasten, O Bey,’ exclaimed one 
of them — 1 hasten to the diggers, for they 
have found Nimrod himself. Wallah, it is 
wonderful, but it is true ! We have seen him 
with our own eyes. There is no God but 
God/ And, both joining in this pious excla- 
mation, they galloped off, without further 
words, in the direction of their tents.” 

He descends into a great trench which 
had been cut. ” The Arabs withdrew the 
screen they had hastily constructed, and 
disclosed an enormous head sculptured in 
full out of the alabaster of the country. 
They had uncovered the upper portion of 
the figure, the remainder of which was still 
buried in the earth. 1 saw at once that 
the head must belong to a winged lion or 
bull. It was in admirable preservation, 
the expression was calm yet majestic, and 
the outline: of the features showed a freedom 
and knowledge of art scarcely to be looked 
for in the works of so remote a period 1 
was not surprised that the Arabs had been 
amazed and terrified at this apparition. It 
required no stretch of imagination to conjure 
up the most strange fancies. This gigantic 
head, blanched with age, thus rising from 
the bowels of the earth, might well have 
belonged to one of those fearful beings which 
arc pictured in the traditions of the country 
as appearing to mortals, slowly ascending 
from the regions below.” 

Layard, whose works on his travels, 
explorations, and excavations are among 
the most fascinating in the language, after- 
wards had a long political career, and was 
ambassador at Madrid and Constantinople 
before retiring to Venice, where, in a beauti- 
ful palace, he made a superb collection of 
pictures, wrote delightfully on art, helped 
to revive some of the ancient glories of 
Venetian crafts, and was the host of princes 
and statesmen from many lands. ' 

He died in London on July 5, 1894. Lady 
Layard, a gifted and charming . woman, 
survived him until November i, 1912 ; and 


her salon in Venice was one of the most 
famous in Europe, at which the poorest 
artist or man of letters was as cordially 
welcome as the haughtiest monarch or the 
most exacting recent celebrity. 

DAVID LIVINGSTONE 
The Opener-Up of the Dark Continent 

David Livingstone was born at B 1 an tyre, 
near Glasgow, on March 19, 1813, the son 
of poor, thrifty, worthy Scottish parents, 
who, when he was ten years of age, had 
to put him to work as a piecer in a cotton 
factory. Some men have education thrust 
upon them, others have laboriously to seek 
it ; Livingstone was one of the latter. 
Out of the scanty pocket-money his half-a- 
crown wages allowed him he bought a 
Latin grammar, and studied it diligently 
even while at work, setting up his hook 
on the spinning- frame to snatch glimpses 
at its contents as he toiled. He worked 
fourteen hours a day at the mill, yet 
managed to attend a night-school, anil 
would read for an hour or more after his 
return home. It was good intellectual 
training, but lie was a physical cnlturist as 
well. for. with his brothers, he roamed 
far and near, botanising, and otherwise 
studying Nature. 

When he was nineteen he became a 
cotton-spinner, and his extra wages enabled 
him to put into practice a scheme of 
studying for the calling of a medical 
missionary. To this end he toiled with 
great assiduity at the factory for half the 
year, and for the rest was a student at 
Glasgow University. There he met several 
young men destined to achieve fame 
Murchison, Young the discoverer of par- 
affin, Lyon Playfair, and others. They all 
helped to put him in the way that he 
should walk, unconsciously preparing him 
for the life that was to follow. Livingstone 
and Playfair naturally drifted apart, but in 
later years they corresponded on scientific 
subjects, and Livingstone, on one of his 
visits to England, called on his old friend, 
who had had not the least idea that his 
correspondent was the impecunious student 
of other days. 

When Mrs. Livingstone returned from 
Africa to Scotland she went straight to 
Playfair’s house in Edinburgh, where he 
was entertaining a numerous company at 
dinner. Travel-stained, and clad just as 
she was when leaving Africa, she was 
ushered into the dining-room to explain 
that her children were somewhere in 
Edinburgh, and she was anxious to find 
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them that night. All she knew was that 
they lived in the longest street in the 
city. Playfair, to whose chivalrous nature 
the adventure appealed, left his guests, 
sallied forth into the streets with her, 
employed a batch of porters to divide the 
street between them, calling at every 
house and asking for the children of 
Livingstone. The children were found, 
and the delightful, unconventional woman 
took it as a matter of course. She herself 
would have done a similar thing in Africa 
for Playfair. Of such are the ways of these 
demi gods and goddesses of the untrodden 
paths, and such the manner in which the 
Playfairs of the world delight to serve them. 
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It was the fame of this noble woman’s 
father, Dr. Robert Moffat, that drew 
Livingstone, at the end of his student 
course, to Africa. He sailed in 1840, and 
proceeded inland to Kuruman, travelled 
far and near in Bechuanaland, then founded 
a mission in the valley of the Mabotsa. 
Africa, in spite of its Portuguese, British, 
and Boer settlements, was still, as to the 
north, a Dark Continent indeed, and it 
fell to Livingstone to carrv the torch 
of knowledge into its gloomy depths. The 
transition from missionary to traveller 
came about in this wise. He found that, 
wherever the foot of Portuguese or Arab 
had fallen, the making of slaves was the 
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staple industry. Terrible misery prevailed 
wherever he turned. He saw that in order 
to suppress this traffic a definite war by 
peaceful methods must be prosecuted. 
The natives must have an organised com- 
merce. For that they must have well- 
mapped routes by which they themselves 
could travel in safety to carry their wares 
to the seaboards of the Atlantic and 
Pacific, and by which white men could 
advance into the interior to buy and 
barter. He set himself to find the paths, 
to master the languages, and to teach 
Christianity where he learned dialects and 
routes. To this end, Livingstone, although 
always a great Christian teacher in Africa, 
severed his connection with the society by 
which he had been sent out, to become an 
unfettered pioneer. 

It was with the definite object of finding 
a transcontinental route that, in 1849, he 
began his serious travels. Having crossed 
the vast Kalahari desert, he discovered 
Lake Ngami, which, then a sheet of water 
fifty miles in length and from ten to 
twenty broad, seemed to him, after his desert 
days, a find of prime importance. Today 
Ngami is simply a reed-grown swamp 
except in the rainy season. But the dis- 
covery was important in a sense that 
he did not realise, for it gave a direct 
aim to his travels, and led him on to the* 
discovery of the Zambesi in the very 
heart of Africa. Previously this mighty 
river had been supposed to rise near the 
coast ; yet here was the Zambesi, in the 
dry season, a deep, swift-llowing river, 
from three hundred to six hundred yards 
in breadth. “ We thanked God for per- 
mitting i:s to see this glorious river,” he 
wrote, for here, in the mysterious depths 
of this inscrutable land, was evidence ol 
one certain highway to the eastern sea- 
board. Without staying now to explore 
it, he bore north-west, for it was to the 
western seaboard that his countrymen 
with trade must come. Every mile tra- 
versed, he felt, carried him nearer his 
goal, and that goal was the destruction 
of the slave trade by the substitution pi 
legitimate commerce over a route which 
he was now piecing together. He reached 
Loanda, on the coast of Portuguese West 
Africa, in 1854, desperately ill, “ a mere 
ruckle of bones,” as he said, but set 011 1 
upon the return journey the same year, 
and renewed his exploration of the Zambesi 
and Kuanza basins. 

On the way up he had stopped at Lake 
Dilolo. He returned thither, and found 
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various tributaries of the Congo flowing 
northward, with the Zambesi flowing south- 
ward. Lake Dilolo sends, a feeder to each 
river system, so linking the Atlantic with 
the Indian Ocean. Livingstone was led to 
a correct estimate of the formation of 
Central Africa, but of course he could not 
make even a guess as to the details of the 
great river systems of the continent, and 
we have him writing, only a few months 
before his death: “ As to this Nile source, 
f have been kept in perpetual doubt and 
perplexities. 1 know too much to be 
positive. Great Lualaba, or Lualluba. as 
Manyuema say, may turn out to be the 


imagination. He was the first white man 
ever to look upon the Victoria Falls. Here 
the river, 1000 yards broad, leaps 400 feet 
sheer into a huge Assure in the earth’s 
surface, and, shut in by towering black 
basaltic cliffs, boils and leaps through a 
channel which has suddenly narrowed to 
a score of so of yards. Lower down the 
river were the Portuguese, who. have been in 
occupation almost since Da Gama named 
the Zambesi the “ River of Good Signs,” 
but they had never heard of these falls, 
the most stupendous in the world. 

Livingstone reached Quilimane, Portu- 
guese East Africa, in May, 1856, having 
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Congo, and the Nile a shorter river after all. 
The fountains flowing north and south 
seem in favour of it being the Nile. Great 
westing is in favour of the Congo. . . . 

T am even now not at all cocksure that I 
have not been following clown what may 
after all be the Congo.” Which was exactly 
what had happened. I'he extract is worth 
recalling here, midway through his im- 
mortal journey across the continent, made 
possible by his genius as a geographer. 

There now awaited the discovery which, 
more than all the rest of his labours, has for 
nearly sixty years fascinated the public 


for the first time in history crossed Africa 
from west to east. He had worked his way, 
in the course of fifteen years’ journeyings, 
from Cape Town up through Bechuanaland, 
westward to Luanda, and then eastward to 
the Indian Ocean. He had already married 
Mary Moffat, and she, with immense 
heroism and self-sacrifice, had accompanied 
him, with their increasing family, on a 
considerable part of his travels. 

Livingstone returned to England, pub- 
lished a book, was feted and honoured, 
and then set out on a Government ex- 
pedition further to explore the Zambesi. 

47»5 



HARMSWORTH POPULAR SCIENCE 


Resuming his wanderings in March, 1858, 
he made careful investigations along the 
Zambesi, the Shire, and Rouma ; dis- 
covered Lake Nyassa (out of which the 
Shire flows) and Lake Shirwa. a lesser 
body of water 45 miles south-east of 
Nyassa. His devoted wife died during this 
expedition, and was buried at Shupanga 
(April, 1862). Sir John Kirk, who accom- 
panied Livingstone on this expedition, 
and was at the deathbed, still survives. 
Livingstone’s heart was broken by the blow. 
“ For the first time in my life I feel willing 
to die,” he wrote. Rut his work had to 
go on. The Government recalled the ex- 
pedition, but at his own cost he explored 
the northern banks of Nyassa, proceeding 
by his own little steamer to Bombay, 
to return thence to England, after an 
absence of six years, in his second book 
the lire of his wrath blazed out against the 
abominations of the traffic in slaves carried 
on by the Portuguese. And, long before 
(Veil Rhodes, he was planning homes for 
white men in the African wilds. 

Ilis third and last journey was under- 
taken in i8()b, at the instance of the Royal 
Geographical Society. Burton, . Speke, 
Grant, and Baker had recently added 
Lakes Tanganyika, Victoria Nyanza. and 
Albert Nyanza to the map, but still the 
mystery of the Nile’s source and of the 
watershed of Central Africa was not solved. 
Livingstone was to make another effort. 
He discovered Lake Bangweolo. Here the 
Chambese flowing into it, and the Luapula 
flowing out of it, constitute the head- 
stream of the Congo. 

All his plans miscarried on this expedi- 
tion. Supplies sent up from Zanzibar 
were intercepted ; those that he deposited 
were nearly all stolen, and when Stanley, 
sent out to seek him, came to his aid, he 
was all but dead. Re-invigorated by the 
supplies that his rescuer carried, Living- 
stone, left alone, carried on his work for 
another year, but his constitution was 
utterly broken, and he was borne, a dying 
man to Ilala, a village on the south shore of 
Bangweolo. There on the morning of 
May 1 (or May 4), 1874, he was found by 
his attendants, dead, in the position in 
which he had knelt for his last prayer. 

Eleven years before, with the remains of 
his wife newly committed to the earth, he 
had written of his ow r n end : “I have often 
wished that it might be in some far-off, 
still forest.” His wish was fulfilled. * His 
faithful servitors buried his heart beneath 
a giant tree in Ilala, and, by a journey which 
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will live for ever in the annals of heroic 
travel, bore his body to the coast. It lies 
now in Westminster Abbey, with a memo- 
rial stating : “ Brought by faithful hands 
over land and sea, here rests David Living- 
stone, missionary, traveller, philanthropist.” 
His last written message to the world was : 
” All I can say in my solitude is, may 
Heaven’s rich blessing come down on every- 
one — American, English, Turk- — who will 
help to heal this open sore of the world ! ” 
He did not toil and pray in vain. He 
laboured for the saving of souls, for paths in 
the wilds, for trade in everything but flesh 
and blood. His son Tom cried : “ We will 
go from Cairo to Cape Town, and preach a 
railway and call it Livingstone’s line.” The 
trade and the line have begun, and slavery, 
which Livingstone abhorred, has ceased. 

FERDINAND MAGELLAN 

The First Man to Sail Round the Earth 

Fcrditiando Magalhaens, usually known 
as Ferdinand Magellan, was the son of a 
Portuguese gentleman, and was born about 
1480 at Villa de Saborosa, in Tras os Montes. 
Brought up under King John TL, he studied 
particularly mathematics and navigation — 
the science by which Prince Henry the 
Navigator had made his country the leader 
in civilisation in the fifteenth century. 
Throughout Portugal there was a zest for 
maritime expeditions and discoveries ; and 
Magellan, like many other poor noblemen, 
took to a sea life, and in 1505 sailed for the 
Indies, and assisted in the sacking of Quoila. 
lie went as far as Sofala, and, returning to 
the Malabar coast, distinguished himself by 
his skill and bravery in the capture of 
Malacca. He took part in the expedition 
that set out in 1510 to seek for the famous 
Spice Islands, and in the archipelago of 
the Moluccas he seems to have obtained 
information that led him to undertake his 
famous voyage round the world. 

On coming back to Portugal he searched 
through the Royal archives, and found the 
bull of demarcation by which Pope Alex- 
ander VI. had divided the spheres of dis- 
coveries of Spain and Portugal. It became 
clear to him that by this arrangement the 
Moluccas belonged to Sprain. So he did 
not trouble about the matter, but went 
on active service to Morocco, where he 
was lamed for life in a fight at Azamor. 
On returning to Portugal he was unjustly 
treated by his king, who accused him of 
merely pretending to be wounded. This 
outrageous accusation angered Magellan, 
who was a man of high spirit and a fine 
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sense of honour. He publicly renounced 
his rights as a Portuguese citizen, and 
took out letters of naturalisation in Spain, 
and henceforward devoted his whole life 
to serving the Crown of Castille. 

The knowledge Magellan had won in 
Malaysia now became a weapon of ven- 
geance against his unjust king. Arriving 
in Spain in 1517, he had an interview with 
the Emperor Charles V., and on March 2 2 
of the following year an agreement was 
made between the emperor and the Portu- 
guese captain. Magellan promised to find 
for Spain a new route leading to the very 
centre of the Spice Islands, which would 
damage the trade of Portugal, and the 
emperor undertook to pay all the expenses 
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of the expedition, on condition that the 
greater part of the profit should be his. 

It is said that the Portuguese ambassador 
tried to have Magellan assassinated, and 
then fomented a rising against him. But, 
in spite of those troubles, Magellan set sail 
from San Lucar de Barrameda on Sep- 
tember 20, 1519, on the first voyage that 
man had ever undertaken round the world. 
His fleet consisted of two ships of 120 
tons each, and three vessels of smaller 
size. Four of the captains and nearly all 
the pilots were Portuguese, and there were 
237 men in the fleet whose names have 
been handed down. 

The fleet touched at Teneriffc, and here 
1 quarrel broke out between Magellan and 
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his second in command, Juan de Carth;i- 
gena, which proved fatal to the expedition. 
Carthagena claimed the right to know tliu 
route that Magellan intended to take ; 
but as this was a secret of great im- 
portance to the Poituguese captain, In 
refused to reveal it to his subordinate. 
While the fleet was detained by contraiy 
winds and calms off Sierra Leone, Cartha- 
gena insulted his leader, and was put in 
chains, and then simply placed under 
arrest and guarded by one of the captains. 
The fleet steered then for Brazil, arriving 
at Rio Janeiro on December 13, 1519. 

The Spaniards obtained a large quantity 
of fresh provisions from the Red Indians 
in exchange for looking-glasses, pieces of 
ribbon, and small bells. They sailed to 
La Plata, when? De Solis had been mas- 
sacred four years previously, and, coasting 
down Patagonia, Magellan arrived at St. 
Julian’s Bay, where lie prepared to winter. 
The country was so bare that he had to 
put the men on fixed rations, and the 
Spaniards began to murmur and revolt. 
The land seemed to them to stretch as far 
as the Antarctic Pole, and they regarded 
it as certain that np strait would be dis- 
covered leading to the Pacific Ocean. 

Magellan resolved to die or to bring his 
enterprise to a successful conclusion. But 
though he managed to keep his fleet in 
order till the spring, on April 1, 1520, the 
partisans of Carthagena rose up in arms, 
and captured three of the ships and mur- 
dered one of the pilots. By quick, strong 
measures Magellan recovered the shi]* 
after some fighting, and put Carthagena 
and some other leading rebels ashore, and 
then set sail in search of a passage to the 
Pacific. One of his ships was wrecked in 
a violent storm, but on October 21, 1520. 
the Strait of Magellan was found; and 
after sailing for twenty-two days across a 
succession of narrow inlets the fleet 
emerged upon a sea of immense extent 
and great depth. 

There were general rejoicings when the 
sailors at last found that their commander- 
in-chief had taken the right route. Magel- 
lan called the new ocean — one of the storm- 
iest in the world— the Pacific, because hy 
happy chance no tefnpest assailed him 
upon it for four months. But the priva- 
tions endured by the crews were terrible. 
The biscuit was nothing but dust mi>c<l 
with worms, while the water was foul and 
offensive. To save themselves from dying 
of hunger the sailors had to eat the 11m e 
infesting their ships. Mitny of them da/d 
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from scurvy. At last, after having sailed 
over more than twelve thousand miles with- 
out touching a single island, Magellan 
discovered, on March 6, 1521, three islands, 
which he called the Islands of Thieves, 
because the natives stole so many things 
from his ships. 

About nine hundred miles from the 
Ladrones, Magellan made land at the 
Philippine Islands, and pitched two tents 
on the shore for his exhausted crews, and 
bought fruit and fish and vegetables from 
the natives in exchange for mirrors, combs, 
bells, and other trifles. He named the 
archipelago the St. Lazarus Islands, but 
this important group of lands was after- 
wards-called the Philippines, after Philip 
of Austria, the son of Charles V. One of 
the kings of the islands came on board 
the Spanish ships. Magellan brought for- 
ward a Spanish soldier clad in complete 
armour, and in the presence of the king 
set three men to attack him with swords 
and daggers. Naturally their weapons did 
not penetrate the armour, and the native 
ruler was so impressed by the apparent 
invulnerability of the Spaniards that lie 
and another native king and five hundred 
of their people consented to be baptised 
into the Christian faith. 

Having destroyed all the idols, the 
explorer resolved to attack the chief of 
another island, Matan, who refused to 
recognise the authority of Spain. On 
April 27, 1521, he set out for the island 
with three longboats containing sixty 
musketeers, and thirty native canoes filled 
with native warriors. Rocks and shallow 
water prevented the Spaniards from beach- 
ing their boats, and a host of 1500 hostile 
islanders gathered along the shore to 
oppose them. The Spaniards leaped into 
the water, and for a while seemed like 
winning a victory, for their armour pro- 
tected them from the poisoned arrows and 
spears of the islanders. But the natives 
at last took to aiming at the legs of the 
Spaniards, and Magellan himself was then 
wounded by a poisbued arrow. He gave 
the command for a general retreat, but 
the islanders flung themselves into .the 
water after the Spaniards, and the retreat 
quickly became a wild flight. Several 
inlanders surrounded Magellan in . the sea, 
and slashed at his feet until he fell beneath 
the waves and was drowned. I 

A brave man and a daring navigator, who 
nude his foreign and jealous crew admire 
him by sharing all their privations and 
bringing them at last to islands of tropical 
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splendour and fertility, Magellan ranks 
next to Columbus in genius and enterprise. 
Had he been content to explore and return 
with a more powerful fleet, he would have 
accomplished himself the wonderful voyage 
round the world that he was the first of all 
men to undertake. But after he was 
killed a series of misfortunes fell upon his 
men. A large number of them were invited 
to a feast by the king who had been bap- 
tised, and then massacred. The crews were 
so reduced in number that they could not 
work all their ships, and had to burn one. 

They sailed to Borneo, and exchanged 
presents with the rajah, and went on 
to the Spice Islands that Magellan had 
reached in his former wanderings. This 
practically completed the voyage, but the 
two remaining ships, the 44 Trinidad ** and 
the 44 Victoria/* were now becoming un- 
seaworthy. The 44 Trinidad ” began to leak 
badly, and had to put back to the Spice 
Islands. She fell into the hands of the 
Portuguese, and the three surviving mem- 
bers of the crew were imprisoned by the 
rival Power. The 14 Victoria/* under the 
command of Juan Sebastian del Cano, who 
had embarked with Magellan as a pilot, and 
won his way to the front, by his knowledge 
of navigation, was the only ship of the fleet 
that got back to Spain. Only by the 
greatest vigilance did Del Cano escape from 
the Portuguese at Cape de Verde Islands, 
and lie arrived at Spain on September 6, 
1522, with a crew of only seventeen men, 
almost all of whom were ill. Two days 
later he anchored before the mole at Seville, 
having accomplished a complete circuit of 
the world. Del Cano took a second fleet 
out to the Spice Islands, but died soon after 
passing the Strait of Magellan. 

ADMIRAL SIR A. H. MARKHAM 
Opener of the North Pole Gate 

Admiral Sir Albert Hastings Markham, 
the hero of the Polar expedition of 1875, is 
the son of a naval captain, and was born 
at Bagneres on November 11, 1841. He 
entered the Navy at fifteen, and won the 
rank of lieutenant in 1862 by capturing a 
piratical Chinese junk after three and a half 
hours of unequal fighting. For three years 
he served as lieutenant of the 44 Blanche ** 
on Australian waters, and he was then 
appointed acting commander of the 
44 Rosario/' and charged with the difficult 
duty of preventing the South Sea Islanders 
from being kidnapped for labour on the 

f >lantations of Queensland and Fiji. The 
aw courts of Sydney were at the time 
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inclined to protect the kidnappers ; and the 
islanders, on the other hand, were apt to 
murder innocent white men by way of 
general vengeance for the wrongs done to 
them. The tactful and efficient manner with 
which Commander Markham quietened the 
natives and defeated the kidnappers in the 
New Hebrides and Santa Cruz groups 
marked him as one of the most promising 
of young naval officers. 

His interest in Polar exploration waL 
excited by an appeal that Admiral Osborn 
made in 1865 to all the active spirits of the 
Navy. But it was not until 1873 that he 
won an opportunity of learning ice-naviga- 
tion. Admiral Osborn, who was then pro- 
moting an expedition of Polar discovery, 
thought that some naval officer should go 
to the Arctic seas in a whaler, and gain 
there the special experience needed in Polar 
exploration. He selected Commander Mark- 
ham for the work, and in a voyage to the 
Gulf of Boothia the 'prentice explorer pre- 
pared for his future task. 

In 1875 a Government Arctic expedition 
set out from Portsmouth under the com- 
mand of otic of the ablest of our navigators. 
Admiral Sir George S. Nares. The* most 
important of the three ships, the “ Alert,” 
was in charge of Commander Markham. 
The “ Valorous ” returned to England from 
Disco, the “ Discovery ” was put into winter 
quarters as a supporting ship towards the 
north of Grinnell Land, while the “ Alert ” 
pushed on and discovered a channel between 
Greenland and Grinnell Land, and entered 
the Polar Ocean. The crew wintered at the 
most northerly point ever reached by ship. 
Autumn was spent in the practice of sledge- 
pulling, and parties were sent out to lay 
depots for exploring work in the spring. 
But it quickly grew cold, and eight men were 
frost-bitten, in three cases amputations being 
necessary. The sun was absent for 145 days, 
and the lowness of the temperature was 
more than had ever before been experienced. 
But the crew were in good health when day- 
light broke once more. 

On April 3, 1876, Commander Markham 
left the “ Alert,” with fifty-six officers and 
men, to make a dash across the frozen Polar 
sea towards the Pole. The larger number of 
the sledging party were only helpers, and 
after going a stated distance they turned 
back, so as not to diminish the store of 
provisions. Two boats were carried in case 
open water should be found. The ice was 
indescribably rugged, and most of the time 
w.is occupied in making a path with pickaxe 
and shovel for the sledge-pullers. One day 
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the party was only able to travel three- 
quarters of a mile. The labour and power 
of endurance needed were superhuman. 
Being only human, Commander Markham 
and his party were taxed beyond the utmost 
of their ability. On May 2 scurvy broke 
out ; and, with swollen limbs and discoloured 
faces, the brave fellows struggled on 
through a blinding fog over hummocks of 
ice twenty to thirty feet in height. Five 
days afterwards the men began to break 
down, and had to be pulled along on 
sledges. On May 10 nearly a third of the 
party was unable to walk, and only thirty 
days' provisions remained for a return 
journey over a distance that had taken 
forty days when everybody was fresh and 
in good health. 

So Commander Markham arranged for a 
couple of days' rest. While most of his men 
got in their sleeping-bags, he bored through 
the ice, and found it was only 64 in. thick, 
with water below 426 ft. deep. He collected 
there some small crustaceans and minute 
organisms, and on May 11, 1876, walked 
out as far north as he could go, and planted 
the Union Jack 399^ miles from the Pole. 
It was the farthest north at the time, and, 
what is of more importance, it opened the 
right road to the Pole by which Peary after- 
wards profited. Had it not been for the 
outbreak of scurvy, a much greater distance 
would have been covered. As it was, only 
five men out of seventeen were able to walk 
back to the ship, and they would have 
perished trying to save their comrades hud 
not Lieutenant A. C. Parr made a magnifi- 
cent march of twenty-four hours, reached 
the “ Alert,” and sent out a rescue-party. 

Commander Markham was promoted 
captain on his return to England, and after 
serving for a considerable number of years 
on the Pacific was made captain of the 
Torpedo School at Portsmouth. As rear- 
admiral, in 1892, he was second in com- 
mand of the Mediterranean Squadron when 
the flagship of his commander-in-chiei 
collided and sank with four hundred of hei 
crew. In 1901 Admiral Sir A. H. Markham 
was promoted commander-in-chicf at the 
Nore. He is the author of a series of interest- 
ing books, dealing mainly with Polai 
explorations, and including a record of a 
trip he made in a cutter in 1879 to study the 
Barentz Sea approach to the Pole. He found 
steam-power was necessary to get well 
through the icc zone, and pointed out a 
possible route for a sledging expedition, 
which the Duke of the Abruzzi afterwards 
adopted with advantage. 
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SIR GASTON CAMILLE MASPERO 
Who Dug Up an Ancient Civilisation 

Gaston Camille Charles Maspero, one of 
the men who have dug up ancient Egypt 
from the sands, was born, of Italian parents, 
in Paris, June 23, 1846. While he was being 
educated at the Lycee Louis-lc-Grand, he 
saw in a school-book an illustration of 
Egyptian hieroglyphs. He was fourteen 
years old at the time, and the mysterious 
signs so touched his imagination that he 
resolved to learn what they meant. He 
bought some books on the subject, and 
without help from anyone mastered the 
obscure literature of ancient Egypt, while 
continuing his ordinary course of study at 
school. When he entered the Ecole Nor male 
he had made himself in his leisure time a 
first-rate Egyptologist. Naturally, his fel- 
low-students were amazed at the unusual 
and difficult learning, self-acquired. 

In 1867 some of them were dining with 
their professor, and Marictte, the most 
famous of Egyptian excavators, was present. 
The lads began to speak of their comrade 
who had taught himself to read the hiero- 
glyphs. Marictte was interested, but 
incredulous. At first he chaffed the lads, 
for the sign-writing of the ancient Egyptians 
at that time was still often a puzzle to the 
best-trained scholars. But as the young 
Normaliens persisted in their statement, 
Mariette still jestingly gave them an 
inscription from the newly discovered monu- 
ment to hand to their wonderful fellow- 
student. In a few days Maspero sent 
Mariette an admirable translation. The great 
Egyptologist was astonished. To test to the 
utmost the self-taught student, he for- 
warded to him a hundred mutilated lines 
of another new text, which had not only to 
he translated, but restored and completed. 
In a week Mariette received the completed 
text and the translation. It was so good 
that he published it, together with Maspero’s 
first essay, in a scientific periodical. 

Naturally, Maspero became the most 
famous student of the Ecole Norm ale. 
Though he should have remained another 
year to complete his ordinary course of 
studies, one of his professors recommended 
him to a literary crank in Montevideo who 
wanted a scholar to assist him in a work 
he was publishing on the Quichua language 
of Peru. The man had written a book to 
prove that this Red Indian tongue was 
’ eally related to the ancient Sanscrit of 
India. Maspero, of course, could not help 
him in substantiating this impossible idea, 
tut he got his book into shape, and in so 


doing extended hss own knowledge of the 
civilisations of th«3 Orient, and returned to 
France better off than when he set out for 
South America. He was back in Paris in 
1868, and attracted attention by publishing 
an Egyptian Hymn to the Nile from the 
text in the British Museum. The next year 
he received an appointment to teach the 
Egyptian languages at a first-rate school, 
and in 1874 he was made Egyptian pro- 
fessor at the College of France. 

His career as an excavator began in 1880, 
when he was sent to Egypt as chief of a 
Government mission, which he developed 
into the famous French school of Cairo. 
Early in 1881 he succeeded Mariette as 
director of Egyptian excavations and 
antiquities, and began his work by labouring 
to preserve the important monuments that 
his predecessor had left in a rather neglected 
condition. Unhappily, a lack of money 
prevented him from undertaking any 
regular excavations, though he managed to 
recover a very important scries of royal 
mummies stolen by Arabs from a burial 
site. 

' Things were so bad that a French news- 
paper opened a subscription to provide 
him with funds, and with the money 
thus obtained Maspero cleared some 
magnificent temples, and freed from the 
rubbish of ages oilier important monu- 
ments. Most of the time the director lived 
on a boat on the Nile, for the rooms allotted 
to him at the museum were uninhabitable. 
In the stormy days of 1882 he was at first 
thought to have been killed, but he returned 
to Paris when the country grew more 
disturbed, and resumed his duties as a 
University professor. But since 1889 lie has 
again been working in Egypt as director of 
the excavations. Possessing the French 
talent for writing on abstruse subjects in a 
charming and instructive manner, he has 
published a series of fine books on the 
ancient civilisations of Egypt and neigh- 
bouring empires. Some years ago lie was 
surprised to find that a folk-tale of very 
ancient times was still current among the 
modern Egyptians. It was the earliest 
recorded story in the history of mankind, 
and he had himself published a translation 
of it a long time before he heard it again 
from the lips of the natives. But just as he 
was thinking of writing upon this extra- 
ordinary example of oral tradition, stretch- 
ing back almost to the* dawn of civilisation, 
lie discovered that his translation was the 
source of the modern version to which he 
had been listening ! 
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THINKERS 


GOETHE— A POET WHO FOUND EVOLU- 
TION BY INSIGHT 

SIP WILLIAM HAMILTON— POPULARISED 
OF SCOTTISH PHILOSOPHY 
GEORGE FREDERICK WILLIAM HEGEL— 
THE GREATEST OF THE IDEALISTS 
HERACLITUS— THE FIRST EVOLUTIONIST 
THOMAS HOBBES— DEFENDER OF AUTO- 
CRATIC SOVEREIGNTY 

GOETHE 

A Poet who Found Evolution by Insight 

tohann Wolfgang Goethe, the greatest 
J of all German writers, cannot be omitted 
from any list of men devoted to science, for 
it was one of the most enthralling interests 
of the later part of his life, and by his 
insight as a poet viewing life. on the widest 
scale he arrived at a belief in evolution. 

Goethe was born at F r ankf ort-on-Mai nc , 
August 28, 1749, the son of a lawyer. It was 
intended that he should be a lawyer, too, 
but his tastes lay in cpiite other directions. 
Educated first at home, afterwards at 
Lcipsic University, and finally at Strasburg 
University, his life was a series of love- 
making episodes ; and, indeed, this phase 
of his experience continued till he was 
nearing his sixtieth year. Before his twen- 
tieth year he was deep in poetry, lyrical and 
dramatic. By the end of his twenty-second 
year he had completed his first play, 
“ Goetz von Berlichingen.'* His first novel, 
“ The Sorrows of Werther,” was not written 
I ill he was twenty-five. His novel “ Wil- 
helm Meistcr,” and his dramatic master- 
piece " Faust,” were written, with exten- 
sions, throughout his life — over a period of 
more than fifty years. It is not our concern 
to tell, even in outline, the story of his 
literary achievements. They belong to pure 
literature. But Goethe was not only a 
supreme man of letters ; he was a practical 
administrator and man of science. Called 
to Weimar when he was twenty-six, he 
became an active public economist in flic 
service of the Duke and the State. Except 
for travels, he lived at Weimar for the rest 
•>f his life, died there on March 22, 1832, 
and there he is buried. 

Never was there a more all-round man. 
He revelled in every form of experience, and 
bought enlightenment through every kind of 
study. Nominally, he was an advocate, 
but he also tried to be an artist ; he was not 
only a dramatist, but an actor and a stage- 


DAVID HUME— A SCEPTIC WHO REASONED 
REASON AWAY 

WILLIAM JAMES -THE INSPIRING PSVCIIO- 
LOGIST OF THE EMOTIONS 

IMMANUEL KANT — THE PHILOSOPHER 
WIIO LOOKED WITHIN 

RALPH NORMAN ANGLLL LANE— A FORE- 
RUNNER OF THE AGE OF PEACE 

manager. He was a profound critic, a 
roving philosopher, a brilliant social force; 
but here we are concerned only with his 
attitude towards science. 

No scheme of philosophy can be found in 
Goethe’s writings, but his mental attitude 
was a great lesson to his own day, and has 
remained a permanent lesson. He opened 
his heart and mind to all experience for 
what it was worth, rejecting nothing 
through narrowness and prepossession. Thus 
his attitude was that of the unpledged 
scientific inquirer. Sometimes his too great 
independence of judgment led him astray, 
and caused him to seek diligently to over- 
turn authorities that he could not move, as 
witness his long and wholly unsuccessful 
attempts to c( mbat Newtonian theories. 

He began the study of science at Stras- 
burg University, taking up anatomy and 
chemistry, with a penchant for alchemy. 
Later lie continued his study of anatomy, 
and traced an evolutionary principle in the 
development of the human skeleton. Pass- 
ing on to a study of plants, he tried to dis- 
cover*— though, of course, futilely some 
single flower from which all others had been 
developed ; and he pointed out that all the 
parts of a plant, except the stem and the 
root, are but modifications of the leaf. 

He studied geology, but was unfortunate 
in taking Werner as his mentor. A great 
deal of time was devoted to the study of 
optics; and when he had passed his sixtieth 
year he published a theory of colours, in 
opposition to Newton, which has been by 
one consent rejected by the science of a 
later clay. Goethe, as a matter of fact, was 
not equipped by education for some of the 
scientific inquiries on which he entered, and 
what he saw that was fresh and valuable he 
saw rather as a poet than as an investigator ; 
but his spirit of eager, all-embracing interest 
— seen in one who waS* acknowledged as the 
master-mind of his generation -was. a 
stimulus to all inquirers, and his recognition 
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of the principle of universal development 
prepared many minds for an acceptance of 
the more precise views later put forward by 
Charles Darwin and others. 

SIR WILLIAM HAMILTON 
Populariser of Scottish Philosophy 

Sir William Hamilton was born on 
March 8, 1788, at Glasgow. He came of 
a distinguished family, for his father and 
grandfather were professors in Glasgow 
University. There the clever boy studied 
with great success, and then went to 
Oxford. He became an advocate, but was 
a philosopher by nature, and, though a 
keen controversialist, was wholly unsuited 
for legal practice. In 1821 he was ap- 
ointed Professor of History in Edinburgh, 
ut not until fifteen years later did he gain 
the Chair of Logic and Metaphysics, which 
was his proper subject. 

Sir William Hamilton was a genuine, 
ardent, and unweary thinker, whom the 
gravest ill-health could not baffle, and his 
very considerable knowledge of biology, 
which his father and grandfather had taught, 
kept him near the lines of Reid’s philosophy 
of common sense. 

But, principally owing to his ill-health, he 
never presented his thought in an orderly 
and connected system, and it was thus 
f exposed to the attacks of so logical and 
relentless a critic as John Stuart Mill, 
through whose “ Examination of Sir William 
Hamilton’s Philosophy ” the older thinker 
is best known to-day. Shortly after his 
death, Hamilton’s lectures were edited by 
Dean Mansel, and in that form they had 
some influence upon Herbert Spencer, in 
whose pages reference to them will be found. 
Hamilton’s philosophy was described by 
himself as a “ natural realism.” Spencer 
proposed to supersede it by a “ transfigured 
realism,” which went further than Hamil- 
ton’s and admitted the existence of an 
external world, while declining to grant that 
things arc what they seem, 

Hamilton owed too much to his Scottisli 
predecessors and to Kant for us to look 
upon him as a very original thinker, but his 
work had an immense and most beneficial 
, influence upon philosophy and the develop- 
ment of psychology, through the enthu- 
siasm which lie excited in his pupils, and 
the interest which he aroused in the ultimate 
problems of existence. He wrote, to some 
extent, upon other subjects, especially 
education, which has 'always been foremost 
in the minds of leading Scotsmen. 

He died in Edinburgh on May 6, 1856. 
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GEORGE FREDERICK WILLIAM HEGEL 
The Greatest of the Idealists 

George Frederick William Hegel was 
born at Stuttgart on August 27, 1770. 
When he was eighteen he went to Tubingen, 
and there studied theology and meta- 
physics. There also he met his illustrious 
contemporary Schelling. In a very short 
time Hegel had to begin private, tutorship 
in order to earn his bread, but the death of 
his father, leaving him a small sum, enabled 
him to move to Jena and begin writing. 

Everything that partook of the nature of 
mere material science was abhorrent to 
Hegel. Every form of empiricism or 
reliance upon experience was beneath the 
level of philosophy in his eyes. He never 
concealed his scorn for the monstrous 
fashion in which the English were then 
wont to call a microscope a " philoso- 
phical instrument.” Thus we find him first 
tilting against Newton for his astronomical 
views. The philosophy of Nature, which 
Hegel’s friend Schelling had evolved from 
his inner consciousness, would not admit of 
the Newtonian system, and therefore the 
Newtonian system had to go. Here, at the 
very first, we see the weak side of Hegel’s 
thought — his contempt for facts, for the 
fruits of experience, for the method of 
induction which Bacon had praised, and 
which all great men of science have prac- 
tised. Hegel's mind was fundamentally 
antipathetic to all such methods, and he 
had self-confidence enough to attack their 
results, without qualifications for so doing. 

Hegel now joined with his friend 
Schelling in editing the " Critical Journal of 
Philosophy,” and in the same years he met 
Goethe and Schiller. The great poet saw 
the quality of his young friend, who was 
no laggard in his own appreciation of other 
than scientific genius. In the words of 
George Henry Lewes, “ many a gleam of 
lustre is shed over pages of the philosopher 
by his frequent quotation of the poet.” 

Hegel was now teaching in the Uni- 
versity of Jena, and he set himself the task 
of systematising and improving upon the 
views of his friend Schelling, with whom he 
ultimately differed, to his own great dis- 
tress. In 1807 he finished his “ Pheno- 
menology of the Spirit,” while the battle 
of Jena was proceeding. The university 
was broken up by Napoleon’s victory, and 
Hegel went to edit a newspaper at Bam- 
berg. Later he became professor at Heidel- 
berg, and finally at Berlin. 

His principal work, of which the first 
volume appeared in 1812, is called “ Logic,” 
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but it deals with much more than what 
we now call logic. It is, in fact, a system 
of metaphysics, in which a philosophy, an 
ultimate statement of the nature of things, 
is evolved by the thinker through the ap- 
plication of logical processes. In many 
ways, however, the reader of today will 
gain less from this formidable and wordy 
work than from some of the later courses 
of lectures delivered at Berlin, especially 
from those entitled 11 The Philosophy of 
History,” printed from students' notes. 

Hegel's name stands as that of one of the 
greatest of the idealists. Intelligence, mind, 
or spirit is for him the one reality. The 
material world, with which the “ natural 
philosophy ” he so utterly despised concerns 
itself, is merely an apparatus by and in which 
spirit manifests itself. It is of no import- 
ance in itself, and beneath our dignity to 
consider. It is the object of thought, and 
could not exist apart from thought. It 
is therefore a part or creation of thought. 
Thus subject and object are one ; Mind 
and Matter are really one. According to 
Ilegel, ” the real is rational, and the 
rational is real.” Therefore, if the philo- 
sopher can satisfy himself of the rationality 
of any assertion, that is a true assertion 
beyond question. Thus, the thought of 
nothing is rational ; and therefore nothing, 
or non-existence, exists. In short, ” being 
and not-being are the same.” We may 
sympathise with the critics who marvel that 
twenty serious volumes should be based 
upon “ absurdity as a fundamental method.” 

The vogue of Hegelianism has passed, 
and we need say no more of it. But this 
man was a great thinker, none the less. As 
a student of the history of man and know- 
ledge, Hegel was a master-thinker. Perhaps 
owing in part to the influence of Goethe, he 
was an evolutionist, and read history from 
that point of view. Contrary, however, to 
those much more numerous evolutionists 
who propose to explain away the mind of 
man, and the wonders of life, by reference 
to the simpler and humbler forms from 
which they are descended, Hegel declared 
that man gives us the real key to the 
animal, and that all organic forms dis- 
play and reveal what is real, though un- 
seen, in the inorganic world. This reading 
°t evolution is as valuable for us today as 
it was a century ago. 

We owe to Hegel the celebrated saying 
that the real tragedies of history are the 
conflicts not between right and wrong, but 
between right and right. His works have 
been frequently translated, and perhaps 


the most distinguished of their contem- 
porary students in this country are Lord 
Chancellor Haldane and his sister. 

Though we reject much of Hegelianism as 
a sterile system of words, we owe much to 
the exalted and profound genius of this 
thinker in many directions. He died in 
Berlin, of cholera, on November 14, 1831. 

HERACLITUS 
The First Evolutionist 

Heraclitus was born at Ephesus, in 
Asia Minor, about the year 535 B.C., and 
lived there throughout his life, of which 
little is known. He is said to have died 
at the age of sixty, after a life distinguished, 
on its external side, by contempt of show 
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and power and fame. He declined the 
supreme magistracy of Ephesus, on the 
ground that its citizens were too corrupt. 
His view of men was so gloomy that, in 
contrast to Democritus, the “laughing 
philosopher,” Heraclitus was called the 
“ weeping philosopher.” He is said to have 
left Ephesus and lived in the mountains on 
herbs and roots. When invited to the 
Court of Darius, he replied as follows : 

“ Heraclitus of Ephesus to the King 
Darius, son of Hystaspes, health ! 

“ All men depart from the paths of 
truth and justice. They have no attach- 
ment of any kind but avarice ; they only 
aspire to a vain glory with the obstinacy of 
folly. As for me, I know not malice ; I am 

4775 


HAKMSWORTH POPULAR SCIENCE 


the envy of no one. I utterly despise the 
vanity of Courts, and never will place my 
foot on Persian ground. Content with 
little, I live as I please.” 

From these and other stories, as to the 
authenticity of which no one can say, we 
may argue that Heraclitus was a gloomy 
ascetic. His writings, unfortunately, have 
only descended to us in the fragments of 
his book “ On Nature,” and we can 
understand from them why it was that he 
gained the epithet of the “ dark,” or the 
“ obscure.” Nevertheless, we know enough 
of the thought of this strange man to assign 
to him a definite place in philosophy. 

We must call him the first evolutionist. 
He enunciated, as the principle of the 
universe, “ becoming,” and, together with 
this leading idea, he upheld the great 
principle of continuity, the law of eternal 
consequences, which is implicit in all 
modern thought. Everything to him is in 
a state of eternal flux ; “all things How,” as 
he said, and nothing remains. This doctrine 
that all things are on an ordered journey 
is what we call evolution today, and 
Heraclitus is its first enunciator. 

Like all the real makers of thought, 
Heraclitus has suffered greatly from the 
misrepresentation of his critics. Even Plato, 
whose mind was of a very different cast, 
systematically emphasised those supposed 
Heraclitean doctrines which least truly 
represented him ; and the great thinker of 
Ephesus suffers still. Yet we may well 
marvel when we read the fragments of his 
work that remain. He had, in part, that 
idea of rhythm which we find in Herbert 
Spencer, the modern philosopher of 
evolution. Fire he conceived to be the 
principle of all things; and as everything 
came from fire, so to lire must all things 
return, it is surprising to note how near 
this idea of Heraclitus comes to our modern 
notions of the origin of nebulie and their 
history, ending with their rhythmic re- 
creation by means of fire again. Doubtless 
what Heraclitus meant was to assert his 
doctrine of universal flux, as seen in the 
activity of lire. As he says, “ The universe 
was made neither by the gods nor men ; it 
was, and is, and ever shall be, an ever- 
living tire in due measure self-enkindled, 
and in due measure self-extinguished.” 

He uses other more or less metaphorical 
expressions for his idea of the universe as 
a universal becoming. Thus he says, 
11 No one has ever been twice in the same 
stream, for different waters are constantly 
flowing down ; it dissipates its waters and 
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gathers them again, it approaches and it 
recedes, it overflows and fails. ’ ' The stream 
thus typifies the universe at large, for, a- 
he says, “ All is in motion ; there is no res l 
or quietude.” The familiar saying that 
“To live is to change” is thus only a 
particular case of the doctrine of Heraclitus. 

He was a thinker in the realm of moral- 
and conduct also. “ Man’s character L 
his fate,” he said. “ The law of things,” 
he says also, “ is a law of reason universal, 
but most men live as though they had a 
wisdom of their own.” Here we have the 
sublime conception of morality as no mere 
conformity to law or custom, but as some- 
thing grounded in the harmony and law 
which the thinker sees in Nature. The 
laws of morality are not local and transient, 
or the arbitrary pronouncements of some 
deity. They are part of the laws of Nature, 
and the philosopher must seek to deduce, 
his moral system accordingly. This is 
clearly an evolutionary conception, and 
exactly corresponds to the attempt of 
Herbert Spencer to write a system ot 
philosophy as a foundation for ethics. 

It is impossible to appreciate the real 
originality, profundity, and courage nl 
Heraclitus unless we try to remember the 
theological systems in the midst of which lie 
lived and thought. Today we “ think in 
evolution,” and find it hard to understand 
how anyone could think otherwise. The 
idea of the “ laws of Nature ” is familiar to 
us, and we do not attribute the phenomena 
of the world to the caprices of the gods ; 
but to- teach the contrary to superstition, 
as Heraclitus taught in his day, was one nl 
the greatest achievements of human mind. 

THOMAS HOBBES 
Defender of Autocratic Sovereignty 

Thomas Hobbes, the defender of sovereign 
power vested in kingship or other supreme 
form of government, lived as comfortable 
a life as any man ever can have lived. HN 
joy was found in his own thoughts, and W 
had ninety-two years of luxurious quietude 
in which to think. It is true his life \va- 
coincident with all the turmoils of civil 
war, but they affected him little, though, 
as a timid man, he contrived to get some 
fear out of them. 

He was born at Malmesbury on April 5. 
1588, the son of a clergyman. By the time 
he was twenty he had taken his degree at 
Oxford, and was appointed tutor to the son 
of a nobleman who afterwards became the 
Duke of Devonshire. Later, he was a tutor 
to other sons of the house of Cavendish ; and 
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practically the whole of his life — from twenty 
to ninety-two, when he was not going 
abroad with young men he was tutoring, or 
tl. eing abroad in fear that he would be 
taken to task for his writing — was spent as 
an honoured retainer or friend of the 
] )evonshires of three generations. He lived 
chiefly at Chats worth and Hardwick, and 
died at Hardwick from the effects of a 
journey thither from Chatsworth. 

Hobbes's consistent life as a scholar and 
quiet thinker was varied by friendships with 

the notable men 
of his long ex- 
tended day. He 
was the friend of 
Bacon and Ben 
Jonson, of Galileo 
a n d Descartes. 
He included a 
king — Charles the 
Second — among 
the young men 
whom he tutored. 
Charles, who once 
cast him off be- 
cause he had not 
defended the 
Divine right of 
kings, gave him at last a pension of a 
hundred a year, partly because he admired 
his caustic wit. 

To understand Thomas Hobbes and the 
hook into which he put his philosophy 
of government — “The Leviathan; or, the 
Matter, Form, and Power of a Common- 
wealth, Ecclesiastical and Civil” — it is 
necessary to remember that he lived through 
long periods when government was very 
unsettled, when something like anarchy 
reigned, and the state of public affairs was 
desperate as seen by a timid philosophical 
recluse. And so he set himself to consider 
what were the best conditions of stable 
government, wherein everyone could have 
comparative rest. And the theory he evolved 
wns that such a state would most readily be 
found in a land ruled by Royal authority 
absolutely, and entirely free from popular 
‘ ontrol. His distrust . of democracy was 
doep-rooted. One of his earliest literary 
labours was the translation of Thucydides, 
because he is the ancient historian who 
aims most distinctly at an exposure of 
certain evils of old-world democracy. 

The “ Leviathan ” of Hobbes is the State ; 
and he argues that naturally men live in 
strife, every man against every other man, 
unless there is a power to keep them all in 
awe. The need for such a power is so 


obvious that men agree to surrender their 
individual rights to the State, which thus 
exercises a sovereignty, irresponsible in its 
absolutism. Only thus can security be 
ensured. The infirmities of a common- 
wealth arise when the sovereign has not 
assumed sufficient power ; and the sove- 
reign's first duty is to surrender none of his 
powers. The sovereignty may* be in one 
man. or in a limited assembly, or in an 
assembly of all — that is, a monarchy, or an 
aristocracy, or a democracy, but in any case 
its power must be absolute and all-inclusive. 
Arguing on these lines, Hobbes placed the 
Church, as completely as the individual, 
under this supreme authority, whether 
king or democracy. 

Naturally such an extreme position 
created an infinity of controversy. The 
Church denounced it, and regarded Hobbes 
as an open enemy. All the defenders of 
popular liberties were outraged, and for 
many years liberty found champions who 
distinguished themselves by showing the 
unsoundness of the political philosophy 
which Hobbes declared should be widely 
taught as embodying the very rudiments of 
good govern- 
ment. Though he 
was a shrewd 
thinker, Hobbes’s 
theories count 
now for very 
little; they have 
become entirely 
out-dated, but 
they have proved 
extremely useful 
in concentrating 
the opposing 
arguments. The 
existence of a 
Hobbes led to 
the existence of 
a Locke, and Hobbes’s value lies in the 
disproofs of his case which he forced 
men to undertake in self-defence. 

DAVID HUME 

A Sceptic who Reasoned Reason Away 

David Hume, a miscellaneous pi lilosophet 
of sceptical tone, was born in Edinburgh 
on April 26, 1711, educated at the 

university, and lived in the city a con- 
siderable part of his life. He was a long 
while settling down, as he rejected first the 
law and then trade as a calling, following the 
true instinct that his business was with 
books. For three years, gaining a linguistic 
knowledge that afterwards stood him in good 
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stead, he lived in France, and there wrote 
his “Treatise on Human Nature/* which 
contains the freshest exposition of his views. 
He returned from abroad in 1737, and 

E ublished his book in 1739, but it attracted 
ttle attention. “ Essays, Moral, Political, 
and Religious/* followed in 1742. They 
had been written at his brother’s home in 
Berwickshire. 

So far, Hume had failed to find a way 
of earning a living, and for a year lie ac- 
cepted a post as companion of an English 
nobleman of defective intellect. Between 
174b and 1749 he served as secretary 
to General St. Clair, on both military 
and diplomatic services, and while thus 
ahroad published his “ Inquiry Concerning 
Human Understanding *' — a recast of part 
of his first book. He now returned to 
Scotland, and. published his “ Political Dis- 
courses ** in 1752, a book of considerable 
note and popularity, on which Adam Smith, 
later, based his “ Wealth of Nations/* 
Hume also in that year published in London 
an “ Inquiry Concerning the Principles of 
Morals,** another re- presentation of part of 
his first book. 

He was now becoming well known as 
a thinker and litterateur , but he failed 
to secure appointment to the Chair of 
Moral Philosophy in Edinburgh, and the 
Chair of Logic in Glasgow 7 . He was, how- 
ever, made Librarian to the Faculty of 
Advocates in Edinburgh, and so attained 
quietude and a command of books that sug- 
gested historical work. So lie now, in 1754, 
began his “ History of England/* with the 
reigns of James I. and Charles I. continu- 
ing it later, forward, and then backward, till, 
by 1762, it covered from the Conquest to the 
Revolution of 1688. At the same time he 
wrote his “Natural History of Religion/* 
In 1763 Hume returned to public work as 
secretary to Lord Hertford’s embassy to 
Paris, and for a time remained as Charge 
d* Affaires. In France he was a great social 
success, and on his return brought Rous- 
seau over with him, and George III. — a 
great admirer of Hume’s one-sided “ His- 
tory ** — gave the visitor a pension. Hume, 
in 1766, became Under-Secretary of State 
ior the Home Department, till his retirement 
to Edinburgh in 1769, on a pension of a 
thousand a year. He declares, in the brief 
autobiography which was published the 
year after his death, that these were the 
happiest years of his life. He died at Edin- 
burgh on August 25, 1776. 

Hume was personally such an agreeable 
man that he recommended himself even to 

4778 


people who were horrified by his ideas. He 
described himself as a man of mild dis- 
position, an open, social, cheerful humour, 
little susceptible of enmity, and of great 
moderation in his passions ; and he de- 
clared that though he had exposed himself 
to the rage of both civil and religious faction, 
he had no reason to complain of calumny. 
Yet, for two generations, he stood, with 
Voltaire, as the twin infidels of the world. 
His whole tone of mind was critical and 
destructive. His influence was always nega- 
tive, and that so powerfully that it forced 
others to think in counter- action. It is 
through his studies in philosophy and 
economics that he lives, and not as a writer 
of history. Indeed, as a historian he worked 
on second-hand materials, with inaccuracy 
and manifest prejudice, but he was the 
first writer in English who presented history 
with such grace and finish that its perusal 
became easy. Dr. Johnson declared that 
Hume’s style was not English at all, but 
French, and that lie only wrote in imitation 
of Voltaire, but Johnson admitted later 
that he had never read Hume’s “ History.” 
Anyway, whatever criticism may hold 
good against it, it will not be a criticism 
of style. Hume wrote to please, with love of 
literary fame as his ruling passion. 

The weakness of Hume is that he had no 
belief to uphold, but revelled in the in- 
genuity with which he undermined the 
beliefs of others. Berkeley had argued 
away the substantiality oi matter ; and 
Hume, following out a similar process, 
contended that no proof could be given of 
the existence of mind. Our experience, he 
suggested, is based only on custom, which 
is the great guide of human life. We form 
an imaginary entity which we call the 
soul, but which is only a combination of 
swiftly succeeding ideas. Mind is nothing 
but a mere inference. Having thus argu- 
mentatively destroyed the mind, and made 
all philosophies vain, Hume asks whethei 
he believes that the mind has disappeared ; 
and he replies that of course he does not. 
We continue to think and reason, because 
the faculty has been antecedently im- 
planted in the mind, though we cannot 
defend reason by reason. It is philosophis- 
ing that is vain ; we cannot pretend to dis- 
cuss the nature of essences and- causes, but 
the primary instincts remain, though they 
may be contradicted by reason. Hume, in 
short, was a sceptic as regards philosophy, a 
rejecter of metaphysics as a science. 

He was also a sceptic as regards religion— 
a point that troubled the world much mo»v 
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(han his attitude towards philosophy. His 
attitude was wholly critical, whether the 
subject were miracles, revelation, or the 
immortality of the soul. But his icono- 
:lastic spirit was only active in the region of 
abstract beliefs ; when practical questions 
i)f government, involving human liberty, 
were under consideration, his spirit of 
doubting inquiry became inactive, or was 
)nly exercised against public rights, or the 
ovnerous enthusiasms that have swept man- 
kind along the pathway of progress ; and 
lie was ready to defend tyranny and abso- 
lutism of the worst kind. In thought an 
Anarchist, he was in practical life the 
Toriest of Tories, though only, as Johnson 
>aid, a Tory by chance. The influence of 
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David Hume on the world's thought was like 
that of Thomas Hobbes, inasmuch as it 
formed no belief, but set men thinking their 
way towards the beliefs of which Hume 
was constitutionally incapable. 

WILLIAM JAMES 

The Inspiring Psychologist of the Emotions 

William James was born in New York in 
*842, his father, the Rev. Henry James, 
being .an original and remarkable writer, 
and his brother, Henry James, being the 
well-known novelist. He was educated at 
Harvard Medical School, and took his 
Doctorate in Medicine there. From 1872 to 
! ®78 he taught comparative anatomy and 
physiology at Harvard, and then passed on 


to psychology and philosopny, occupying 
the Chair of Philosophy at that famous 
university. He received many academic 
honours at home and abroad, and gave the 
Gifford Lectures in Edinburgh in 1901-2, 
these forming the basis of one of his most 
interesting books. 

Professor James was one of the most 
arresting, lucid, and suggestive writers on 
psychology in any age, and lie has had 
an immense influence upon contemporary 
thought. His earliest and most important 
work is his great “ Principles of Psycho- 
logy, M which was published in 1890, and has 
been one of the classics on the subject ever 
since. The “ Text-Book of Psychology," 
published two years later, is an abridg- 
ment, and has many advantages for all but 
the professional student. In 1895 there 
followed the celebrated essay “ The Will to 
Believe," and the “ Talks to Teachers on 
Psychology," a book which has delighted 
and guided thousands of teachers all over 
the world, came in 1899. “ The Varieties of 
Religious Experience " contained the Gifford 
Lectures, and made a great impression. 
Lastly, among the more important of James’s 
writings may be mentioned his volume cm 
“ Pragmatism, a New Name for Some Old 
Ways of Thinking," published in 1907. 

The last twenty years or so of James’s 
life thus produced a large quantity of writ- 
ing, in part upon pure psychology, but chiefly 
upon the borderland between psychology 
and philosophy. A student so sincere 
and lovable, humorous, lucid, open-minded, 
could never fail of readers, and his services 
to the higher kinds of thought in our time 
are transcendent. He was a critical and 
generous reader, an amateur of ideas in the 
best sense, prepared to see some grain of 
truth in many various doctrines ; and his 
alert and vital mind set in motion the 
activities of many younger students who 
are making the progress of psychology at 
the present day. 

He was deeply interested in psychical 
research, and was associated with the 
American Society devoted to that subject. 
In this respect he showed his open-minded- 
ness, and contrasted notably with most of 
his colleagues in academic chairs of philo- 
sophy or psychology. Perhaps his last, 
and not one of his least, services to his age 
was his recognition of the value of Professoi 
Bergson’s work, and the part which he 
played in introducing the younger thinkei 
to a wide audience in the English-speaking 
world. This was characteristic of James 
who had no iealousy in his composition. 
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His mind was so prolific in ideas, in sug- 
gesting possibilities, in acute criticism, that 
it is not easy to do justice to his actual 
contributions to thought. His careful and 
complete biological and medical training 
was of great value, and was doubtless 
responsible for the theory of the emotions 
which is specially associated with his name 
and with that of Professor Lange, who 
enunciated it independently. The James- 
Lange theory is that what we call an 
emotion is merely an organised presentation 
in consciousness of the various sensations 
aroused in the body by reflex mechanisms. 
Thus, when we see danger, we fly ; and the 
flight, which involves violent action of 
heart and lungs, arouses sensations which 
we sum up as the emotion of fear. Hence, 
we do not run because we are frightened, 
but are frightened because we run. But it 
is best to quote his own words : 

“ My theory is that the bodily changes 
follow directly the perception of the ex- 
citing fact, and that our feeling of the 
same changes as they occur is the emotion. 
Common sense says, we lose our fortune, 
are sorry and weep ; we meet a bear, are 
frightened and run ; we are insulted by a 
rival, are angry and strike. The hypo- 
thesis here to be defended says that this 
order of sequence is incorrect ; that the one 
mental state is not immediately induced by 
the other ; that the bodily manifestations 
must first be interposed between, and that 
the more rational statement is that we feel 
sorry because we cry, angry because we 
strike, afraid because we tremble ; and not 
that we cry, strike, or tremble because 
we are sorry, angry, or fearful, as the 
case may be. Without the bodily states 
following on the perception, the latter 
would be purely cognitive in form, pale, 
colourless, destitute of emotional warmth. 
We might then sec the bear and judge 
it best to run, receive the insult and deem 
it right to strike, but we should not 
actually feel afraid or angry.” 

This is the most discussed of psychological 
theories in our time. In the last few years 
it has been supplemented and superseded 
by the important observations of Dr. 
McDougall of Oxford, but we are greatly in- 
debted to James for it nevertheless. We 
owe much to him, also, for his study of 
conduct in not only its psychological but 
also its moral relations. He saw how diffi- 
cult is the “ free-will ” controversy, and 
did not pretend to solve it. But he saw 
also what he called the “ ethical importance 
of the phenomenon of effort.” He pointed 
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out that we largely measure out own 
worth and status in the world by our 
capacity for effort. 

It is in this that a man “ makes himself 
one of the masters and the lords of life. 
He must be counted with henceforth ; lie 
forms a part of human destiny. . . 
Thus not only our morality but our religion, 
so far as the latter is deliberate, depend on 
the effort which we can make. Will you or 
won't you have it so ? is the most probing 
question we are ever asked ; we are asked 
it every hour of the day, and about the 
largest as well as the smallest, the theoretical 
as well as the most practical things. We 
answer by consents or non-consents , and not 
by words. ' What wonder that these dumb 
responses should seem our deepest organs 
of communication with the nature of things I 
What wonder if the effort demanded by 
them be the measure of our worth as men 1 
What wonder if the amount we accord 
of it were the one strictly underived 
and original contribution which we make 
to the world ! ” 

In his “Varieties of Religious Experience,” 
James made a beginning with the scientific 
and inductive study of a great subject. 
Individuals vary, and every individual is a 
scientific document. These human docu- 
ments must be read if we are to have what 
science requires — a natural history of reli- 
gion. Professor James set himself to this 
task. Undoubtedly his work is open to the 
obvious criticism that it seems to deal 
largely with the not merely abnormal but 
plainly morbid. The critic may ask what 
light upon religion is thrown by many of 
these records — though they may throw any 
amount of light upon insanity. Similai 
criticism would, however, deprive us of the 
right to value many of the most precious 
manifestations of the religious spirit in the 
past. We may point to the hysterical 
phenomena displayed by Santa Theresa, and 
thereupon discount everything she wrote, 
but that would clearly be folly. We shall 
do better, in the .opinion of James, if we 
make no attempt to prejudge the value of 
the phenomena before we have recorded 
them. As to the value of James’s book 
there can be no doubt. In some important 
respects it led the way to Dr. Stanley Hall' 3 
study of Adolescence, notably as regards 
the phenomena of " conversion," which are 
closely associated with early adolescence as 
a rule. This is a subject the treatment oj 
which in the strictly scientific spirit might 
readily give offence, but there is no oft cnee 
in the pages of Professor James. 
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Near the end of his life he became much 
interested in " Pragmatism, a new name for 
some old ways of thinking. 1 * The chief 
argument of this philosophy is that the 
test of truth is pragmatic or practical. 
VVliat is true is what works. The reader 
will readily see that delusion may work, in 
many a case, and thus be ranked prag- 
matically true for the believer. But for 
the discussion of this very attractive 
subject he must refer to the pages of James 
or of his followers, such as Dr. Schiller. 

William James died on August 26, 1910. 

IMMANUEL KANT 
The Philosopher who Looked Within 

Immanuel Kant was born on April 22, 
1724, at Konigsberg, where he spent the 
whole of his long life, never travelling more 
than twenty or thirty miles beyond its walls. 
He was of Scottish descent on his father’s 
side, the name being originally spelt Cant. 
His external life, as we may surmise, was 
extremely uneventful. " He lived and died 
a type of the German professor ; he rose, 
smoked, took his coffee, wrote, lectured, 
took his daily walk — always at precisely the 
same hour. The cathedral clock, it was 
said, was not more punctual in its move- 
ments than Immanuel Kant.” 

His first interests lay in mathematics 
and physical science. He read Lucretius, 
and from a passage in his famous poem he 
formulated a theory of the origin of the solar 
system by the contraction of a nebula. In 
after years this became the famous " nebular 
theory ** of Laplace, but the first statement 
of it stands to the credit of the juvenile 
Kant. He also predicted the existence of 
the planet Uranus, a prediction which 
Herschel duly acknowledged when his tele- 
scope revealed the new planet. 

. Then came the philosophical works upon 
which Kant*s fame rests. The earliest 
and greatest of these is the " Critique ot 
Pure Reason,*' which was published in 1781, 
and which, he tells us, was the product of 
twelve years* meditation. It is a most 
difficult and unattractive book to read, 
loaded with terminology, and almost with- 
out form, though anything but void. For 
some time it attracted little attention, 
but at length it became famous, and its 
author’s disciples began to fill all the philo- 
sophical Chairs in Germany. Seven years 
later came the " Critique of Practical 
Reason,” the second most important of 
Kant's works. He wrote many other 
books, of the translations and criticisms of 
which there is no end, for Kant, by general 


consent, is accepted as the leading figure in 
modern philosophy. 

That is easily said, but it is not so easy 
to state, in a few words, the teaching of this 
thinker. He has often been called " trans- 
cendental,” and this term has led many to 
regard him as a mystic, and one who soared 
altogether above the realm of the intelligible. 
The proper pame, however, for Kantism is 
the " critical philosophy.” This was the 
name he used himself, and it indicates his 
essential task, which was the criticism of 
man’s experience and knowledge. How 
much are they worth, what is their real 
validity, may we trust to them, or must we 
abandon ourselves to scepticism ? 

Kant's answer was that our knowledge is 
trustworthy in so far as it is based upon laws 
of the mind, which are true and real ; but 
that our knowledge is limited in so far as it 
can only be a knowledge of phenomena or 
appearance, while noumena, things in them- 
selves, must for ever escape us. He is thus 
not a sceptic, who denies the possibility 
of knowledge, nor a " common-sense ” 
realist, who says that things are what they 
seem, and there’s an end on’t. He occupies 
a middle and reconciling position, also, 
between the idealists, who deny the ex- 
istence of the external world, and the 
materialists, who regard the external world 
as reality. He denies the existence neither 
of spirit nor of the physical universe. Nay, 
more, he argues that our knowledge of the 
physical universe is only phenomenal ; and 
that if we could know the reality of which 
physical things are the phenomena, we 
should find that reality to be spiritual too, 
like the knowing mind itself. This is per- 
haps the greatest idea in all the Kantian 
philosophy. 

Time and space, for Kant, were forms of 
the mind, under and in which it framed and 
perceived and arranged external things. 
Hence the mind arranges things in a number 
of categories, as he called them, such as 
unity, multiplicity, possibility, necessity, 
and several more. By further argument, 
he shows, the mind arrives at three trans- 
cendently important ideas — the soul, the 
world, and God. So far as the " pure 
reason ” is concerned, these are only ideas, 
by no means demonstrated. 

Here, however, the " practical reason,” 
as Kant called it, enters upon the scene. In 
our conscience we find, said Kant, a " cate- 
gorical imperative,” which we are bound to 
obey. This furnishes the practical guide of 
life. It is something older, deeper, more valid 
than anything derived from experience. It 
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demands certain things of us ; and when 
we try to comply with its demands we 
find that the ideas of God and of the im- 
mortal soul, which were no more than ideas 
for the pure reason, now become necessary 
truths for the practical reason. They are 
thus, and thus alone, established. The 
moral law within, given us by Conscience, 
and demanding moral perfection, cannot be 
satisfied unless the soul be immortal ; 
and the moral demand for universal good- 
ness and happiness cannot be met unless 
a Supreme Intelligence rules the world. 

Such are Immanuel Kant’s arguments. 
We observe that they are derived from 
introspection. The philosopher has no need 
to travel, to note the varieties of human 
experience. He looks within, observes the 
processes and results of his own mind alone, 
and reaches his conclusions accordingly. 
Thus, judging by his own noble personality, 
Kant concluded that the two most admir- 
able objects of human contemplation were 
the starry skies above, and the moral law 
within. Kant died on February 12, 1804, 
having nearly completed his eightieth year. 

RALPH NORMAN ANGCLL LANE 
A Forerunner of the Age of Peace 

Ralph Norman Angell Lane, the brilliant 
thinker who, in our own time, is changing 
the world’s thoughts about war, was born 
in England in 1874, educated at the Lyc6e 
de St. Omer, in France, and began life on 
his own account in the Western States of 
America. He was still a youth when he 
crossed the Atlantic in search of adventure. 
He has seen life in the wild territories of 
the Western States, he has held a high post 
close to. the heart of things in Europe, and 
life has passed before his eyes like a pano- 
rama of romance. Yet he can truly say, as 
he looks out upon the world, with the age 
of forty still on his horizon, that of all the 
romances he has known the romance of 
Norman Angell is the strangest and most 
unexpected. 

It was one morning in 1910 that the 
writer received from Paris a little red book, 
with a note from Mr. Lane hoping that he 
would find it interesting. It was a little 
volume called " Europe’s Optical Illusion,” 
and the writer put it aside and forgot it for 
weeks. The editors of all the newspapers 
in England did the same, and the author, 
hard at work in his newspaper office in Paris, 
may have been forgiven if he began to 
regret that he had published the book at 
his own expense. For two months nobody 
seemed to notice this little red book by 


Norman Angell, and only the friends who 
remembered his rarely used middle names 
connected the book with the man who sat 
at a desk day by day directing the fortunes 
of an English newspaper in Paris. His 
genius showed itself there in racing all other 
English papers to all parts of Europe, and 
the writer remembers still the sensation 
with which he received, 600 miles up the 
Nile, an English paper from Paris only four 
days old. The clever brain of Norman 
Angell had made that possible ; even thus, 
in his own quiet way, he was hastening the 
spread of knowledge over the earth. 

But it must have seemed to him ac that 
time as if he were doomed to remain at his 
desk controlling the distribution of a news- 
paper, for his little book, the second child 
of his brain, seemed to have fallen, like the 
first, upon a dead world. Then an 
extraordinary thing occurred. The book 
the newspapers had overlooked, that 
members of Parliament had not yet scon, 
that booksellers kept at the back of their 
shelves, was discovered by the King of 
England, was mentioned in a speech by Sir 
Edward Grey, was introduced to the German 
Ambassador by Lord Haldane, was read by 
the King of Italy, was bought in large 
numbers by a great friend of King Edward, 
and distributed among the governing men 
of Europe. Norman Angell woke up to find 
himself famous. Letters poured in upon 
him from Parliaments and palaces, and 
from that day to this the stream of his 
correspondence has never ceased, but has 
grown so that secretaries can hardly keep 
pace with it ; and no secretary can under- 
stand all the languages in which these letters 
are written. “ Europe’s Optical Illusion ” 
has been re-written and enlarged, and has 
now appeared in more than twenty lan- 
guages as “ The Great Illusion.” It is not 
an exaggeration to say that it is entitled to 
be compared in its effect upon thought with 
Darwin’s ” Origin of Species.” 

No book that has ever been written on 
war is quite like this book. Norman 
Angcll’s is the most powerful pen that has 
yet set out to fight the sword ; 11 The Great 
Illusion ” is the deadliest gun that an 
author has ever fired at war. Perhaps the 
history of the book may throw some light 
upon the nature of it. 

Mr. Lane set out for the Western Stales 
of America, as we have said, in search of 
adventure. And he found it. He became 
secretary to a candidate for the American 
Legislature at about the time when Pi°“ 
sident Cleveland was exciting the United 
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States about Venezuela and the Monroe 
doctrine. The farmers of the West, en- 
couraged by senators and professors and 
merchants, were buying up firearms to 
inarch against England. Great Britain 
must be destroyed, and these farmers 
would destroy her. Many thought this 
absurd ; only Ralph Norman Angell Lane 
seems to have realised that for these 
farmers to seek to destroy their own market 
because England proposed to take over a 
few miles of swamp, and for sixty or seventy 
million people to take a similar view of the 
situation, implied that the whole political 
thought of these people must be defective 
at its very roots, and spring from some 
profound illusion. Mr. Lane's candidate 
lost or won, and Mr. Lane came to Paris. 
Here the excitement was the Dreyfus case, 
and the Frenchmen believed — as Mr. Lane 
himself heard an ex-Cabinet Mii-ister say 
—that Europe was leagued to annihilate 
France, that England was at the head of 
the conspiracy, that millions of money were 
being poured into France to set Dreyfus 
free and so strike a blow at the State. 
Only Ralph Norman Angell Lane seems to 
have realised that , for millions of people to 
believe this , their thought must have started 
wrong at the beginning , that France was 
endangering her markets for a great illusion. 
Mr. Lane sat down and wrote a book 
pointing out the great illusion, and basing 
his case on moral grounds. The book was 
a failure. A few remainder copies are all 
that can be had of “ Patriotism Under 
Three Flags." The world refused to hear 
Norman Angell as a preacher. 

But to him the great illusion was a great 
reality. For ten years he gathered up his 
facts, pulled together the threads of his 
argument, talked the matter over with 
great financiers, and at last, in 1910, the 
still, small voice of the little red book was 
heard in the wilderness of Europe. The 
world that turned a deaf ear to the moral 
appeal was compelled at last to listen to 
the incisive logic of economic fact. 

The philosophy of “ The Great Illusion ” 
is, in brief, that, though war is still and will 
for ever be possible, if men remain foolish 
enough to wage it, the present generation 
has seen the weaving of a delicate fabric 
which has so spread over the boundaries 
°f all nations, touching the nations in vital 
places, and so sensitive that the tearing of 
°ne part affects the whole, and war between 
civilised peoples can never again bring 
advantage to the victor. This fabric is 
°ur economic system, or international 


finance, the network of nerves which covers 
the earth so that the looting of the Bank of 
England by a German army must break the 
Bank of Germany too, and cause collapse 
in all the capitals of Europe. War, there- 
fore, cannot pay, since the victor is unable 
to use force against the vanquished for 
economic ends. So interdependent are we 
now that the victor must leave the van- 
quished alone ; and he need not conquer 
him in order to do that. But the illusion 
that a foreign army can come to London 
and carry off the gold of the Bank of Eng- 
land is only one part of the Great Illusion 
in the minds of the war-makers ; another 
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is that a foreign army can come to Eng- 
land and conquer the people, change their 
nationality, and make them Germans. 

That again, says Norman Angell, is a 
superstition. The British Empire holds 
together as a series of free States ; not even 
England could compel a single one of these 
States to change their language or their 
staple industry, or to transfer their energies 
or their revenues to other purposes. 

The book in which these theories are set 
forth and amplified is a brilliant piece of 
thinking. It has never been answered. 
It is winning over merchants, statesmen, 
finances, and professors; it is creating 
new groups of thinkers in Europe and 
America ; it is making its way in China 
and India and Japan. It has made Norman 
Angell a national figure whose time is not 
his own, but whose brilliant mind is des- 
tined to carve out for him a monument 
which will not crumble into dust. 
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JAMES “ HARGREAVES— THE MAN WHO 
MADE LANCASHIRE 

JOHN HARRISON— THE CLEVEREST ENG- 
LISH CLOCKMAKRR 

HERO— AN ANCIENT APPLIER OF SCIENCE 
TO DAILY LIFE 

PETER COOPER HEWITT-A MILLIONAIRE 
DEVOTED TO INVENTION 
ROBERT HOOKE-A CROOKED GENIUS 
WITH THE BRAIN OF A HUNDRED MEN 
ELIAS HOWE— THE INVENTOR OF THE 
SEWING MACHINE 

DAVID EDWARD HUGHES— INVENTOR OF 
THE MICROPHONE 

JAMES HARGREAVES 
The Man who Made Lancashire 

J ames Hargreaves, inventor of the spin- 
ing-jenny, was born at or near Black- 
burn about 1745. Absolutely without 
education, Hargreaves proved himself one 
of those rare mechanical geniuses by whom 
Lancashire had the vast cotton industry 
thrust upon her. The potentialities of the 
industry were there, but the ingenious con- 
trivances of Kay, Arkwright, Cartwright, 
Crompton, and Hargreaves had, with peril 
to personal fortune, surreptitiously to be 
introduced. And the manufacturers, after 
the fury of their employees had had full 
play, stole the inventions and left their 
creators for the most part to die in com- 
parative poverty. Hargreaves, contrary 
to common report, did not die in indigence, 
but his family, soon after his death, were 
in the depths of despair, and this may 
account for two of them appearing in court 
in the endeavour to rob Arkwright of the 
credit of two inventions incontestably the 
creation of his own fertile brain. 

Hargreaves was engaged for many years 
in the cotton mill of Sir Robert Peel's 
grandfather at Blackburn. There he was 
employed to effect improvements in the. 
carding-machines in order to displace the 
hand-cards then in use for clearing and 
straightening the cotton fibres preparatory 
to their being spun. Arkwright's machine 
had yet to be evolved, and wefts were far 
t° seek. The story still preserved in 
Lancashire annals is that Hargreaves was 
waiting for the weft that his wife was to 
produce when he. ‘accidentally knocked 
°ver her spinning-frame. It was a primitive, 
one-thread wheel ; and, as it lay upon its 
J 1( k\ the wheel and spindle, thus thrown 
from a horizontal into an upright position, 
continued to revolve. In a flash Har- 
greaves saw, as he watched the confusion of 
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BENJAMIN HUNTSMAN— INVENTOR OF 
CRUCIBLE STEEL 

JOSEPH MARIE JACQUARD - INVENTOR 
OF THE PATTERN-MAKING LOOM 

JOHN KAY— THE INVENTOR OF THE 
FLYING' SHUTTLE 

SAMUEL LANGLEY— WHO FIRST MADETHE 
POWER-DRIVEN AEROPLANE FLY 

NICOLAS LEBLANC— A CREATOR OF 
WEALTH WHO DIED IN POVERTY 

JOHN LOUDON McADAM— THE REVIVER 
OF SOUND ROAD-MAKING 

thread, that by widening the wheel and 
placing a number of upright spindles side 
by side he might be able to spin several 
threads at once. Very secretly he fashioned 
his jenny. 

It is interesting to note that two of the 
most important gifts to Lancashire’s staple 
industry, the spinning- jenny and the mule, 
were the work of men who intended their 
inventions solely for their personal use. 
Hargreaves desired a jenny which should 
spin several threads at once instead of one, 
so enabling him comfortably to earn more 
money for his numerous family. Crompton 
had a bad edition of one of the earliest Har- 
greaves jennies, and gave five of the best 
years of his life to bettering it, to the intent 
that he, Samuel Crompton, and not the 
industry as a whole, might profit. The 
efforts of talented men and boys to save 
themselves labour in this way have had 
great results for the world. Idle Humphrey 
Potter, to avoid the fatigue of earning his 
bread in the appointed way — by opening 
and shutting the cocks admitting steam to 
tlie cylinder of the steam-engine — first 
fashioned a system of springs and levers 
which enabled him to cause the engine 
automatically to govern itself. It gave 
him time to loaf, but it also bestowed a 
priceless boon upon the makers of steam- 
engines, for from this lazy young genius’s 
invention proceeded the first engine that 
worked its own valves. Edison, shirking 
the trouble of giving a telegraphic signal at 
stated intervals during the nights of his 
drudgery as a boy in a railway-station 
telegraph-office, devised an arrangement 
making the telegraph automatically com- 
municate the signal he was there to supply. 
That, again, was the parent of a highly 
important series of kindred inventions. 

Hargreaves had no thought but that of 
private personal, gain, of earning, more 
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expeditiously and easily, a sufficiency of 
bread, but in winning success for himself 
he was uncqnsciously enriching his native 
•county by millions sterling. The spinning- 
jenny, primitive asit left his rough, talented 
hands, worked wonderfully. It is said that 
he called the machine after his wife, Jenny. 
Those who wrongfully assert that Thomas 
Highs, from whom Arkwright was alleged 
to have borrowed the idea for his water- 
frame, was the inventor of the jenny urge 
that the name must have originated with 
Highs, frofti the fact that he had a daughter 
named Jenny, whereas Hargreaves had not. 
But there can be no doubt as to Hargreaves 
having originated the machine called by his 
name. He did not immediately reap from 
his spinning the profit for which he had 
hoped, so he quietly made one or two other 
machines, and sold them to neighbours and 
friends. That settled his fate, so far as 
Lancashire was concerned. Those who 
have read the life-stories of Arkwright and 
Crompton will be prepared for the sequel. 

The neighbours in whom he had not con- 
fided were at first alarmed at his producing 
eight times as much yarn as they could ; 
then they became jealous, and told the story 
abroad of machinery that he had invented. 
The mere mention of machinery sufficed to 
stir the passions of the mob. The machine 
would dispense with human labour, they 
_ said ; the country-side would languish and 
perish of inanition. Blackburn, which was 
to be " depopulated ” by this diabolical 
contrivance, then boasted a population, be 
it noted, of five thousand people. Such men 
as Crompton, Hargreaves, and Arkwright 
have given it a trade which supports 
thirty or forty times that number, and the 
mills are still rising. But the town was to 
be beggared then, and so were the lesser 
towns round about. 

It was a matter of general concern ; the 
evil spirit of the Hargreaves mechanism 
must at all costs be exorcised. It was not 
a case of half measures, but of solemnly 
furious concerted action. The free and 
independent cotton operatives from Darwen 
(the Peaceful Valley !), Mellor, Tockholes, 
and Oswaldtwistle assembled in Black- 
burn, there to join the local operatives. In 
procession they made their way to the 
cottage of the hapless inventor. He was 
not at home, so they entered the house, 
utterly smashed the spinning- jennies, 
reduced the household furniture to match- 
wood ; marched in serried array to the mill 
of Robert Peel which had sheltered the 
industrial serpent, and wrecked that as 
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completely as the cottage. And when 
Hargreaves fled dismayed to Nottingham, 
and old Robert Peel and others masters in- 
clining to the heresy of machinery quitted 
Blackburn, the local operatives felt them 
selves heroes, saviours of their county, and 
veritable pivots upon which the prosperity 
of the kingdom revolved. 

Nottingham, which was to afford sanc- 
tuary to Arkwright, was hospitable to 
Hargreaves. He had the fortune to fall 
in with a certain Thomas James, a Not- 
tingham carpenter, who had a little 
capital and more imagination, and together 
the two men put up a small factory, 
erected a number of spinning-jennies, and 
prospered. The jenny was patented in 
1770, some years after its successful trial 
at Blackburn. Very soon Lancashire manu- 
facturers pirated the invention, and the 
instrument which was to wreck the in- 
dustry of the county gave the trade an 
enormous impetus. Hargreaves entered 
actions for infringement of patent-right, 
but when his lawyer heard how many 
Blackburn manufacturers had stolen the 
invention his heart within him fainted ; 
he threw up his brief rather than light 
an army ! Hargreaves, however, made 
money, and is said to havfe been worth 
some seven thousand pounds at his death. 
He died at Nottingham, on April 22, I7/ W . 

It was the subsequent distress of some 
of his children which gave rise to the 
tradition as to his own desperate condition. 
Theirs was real enough, and an admirer 
of their talented father sought to raise a 
subscription for them. But as they never 
forgive who do the wrong, the Lancashire 
manufacturers, who were waxing fat upon 
the fruit of the dead man’s genius, were 
the last willingly to contribute. Lanca- 
shire does well by her people today, but 
there is an account against her and them 
for the treatment meted out to the pioneers 
of the industry upon which both have 
developed that history will never forget. 

JOHN HARRISON 
The Cleverest English ClochmaKer 

John Harrison was born at Foulby, York- 
shire, on March 24, 1693. The Brindley 
of horologists was the son of a carpenter 
in the employ of Sir Rowland Winn. A* 
a child he evinced a great natural aptitude 
for mechanics, and when still young was 
taken as his father’s assistant in the car- 
penter’s shop. Of school education he had 
but a minimum; and to the last, though 
he could plan the most delicate mechanic- 
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Ue found it a matter of the greatest diffi- 
culty even to express himself in words, 
u> say nothing of the task of putting his 
thoughts upon paper. 

His special forte was clockmaking. 
From the time that he first saw the 
“ wheels go round,” they were, so to say, 
always revolving in his brain, and his 
first considerable task was the making of 
an eight-day clock. Except the escape- 
ment and dial, which were of brass, the 
mechanism consisted entirely, wheels and 
all, of wood. Those who have anything 
to do today with the cutting by refined 
machinery of gear-wheels will understand 
with what accuracy the village horologist 
must have worked, and even the man who 
drives a car whose gears are noisy and 
ill-married will grasp the significance of 
the feat. That clock, made by Harrison 
when he was twenty years of age, is to be 
seen at the South Kensington Museum, 
where, after a century and a half of wear, 
it was still in good working order. 

Harrison’s next feat was a very im- 
portant one — the making of the gridiron 
pendulum. The man whose clock gains 
or loses with alterations of temperature 
may take it that John Harrison is not 
justly represented in the timepiece, for 
the gridiron pendulum is so composed that 
a compensatory movement automatically 
coimters the effect ’of expansion and con- 
traction, so causing the clock to tick at 
its accustomed pace, whatever the weather. 
Harrison added the making and repair of 
clocks and watches to his daily task as 
carpenter, and did a little land-surveying. 

A friendly parson lent him a manuscript 
essay on natural philosophy by Saunderson, 
the blind philosopher, and Harrison sat up 
night afterlight to copy it, word for 
word, diagram after diagram. It is note- 
worthy, by the way, that two of our heroes 
of science, Dalton and Harrison, should be 
materially assisted up the ladder of learn- 
ing by the sightless. In the life of James 
Hargreaves mention will be found of im- 
portant inventions evolved with' no appre- 
ciation of their ultimate importance, but 
merely to save the labour of their creators. 
Harrison’s career affords another example. 
He had charge of a turret clock which it 
was Accessary frequently to visit in order . 
to °il the escapement. The villager puzzled 
over this for some time to invent a device 
that would save his steps, and give him 
f°r other tasks the time consumed in climb- 
jog up and down the turret. And to John 
Harrison’s desire to save his heels we owe 


the recoil escapement — a masterly contriv- 
ance for the lessening of friction and saving 
of lubrication. 

Some of Harrison’s inventions for the 
improvement of clocks were not without 
parallel in his own age, for many well- 
trained. scientific minds were directed to 
obtaining instruments for correctly record- 
ing divisions ,of time. It was against these 
greater luminaries that the humble Harrison 
had to compete. At this time prizes 
amounting to £45,000 were going begging, 
and none of Harrison’s illustrious con- 
temporaries had found it practicable to 
gain them. In spite of all the fine feats 
achieved by our . voyagers, navigation 
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was still vastly complicated and dangerous 
by reason of the absence of anything like 
a dependable chronometer. It was easy 
enough to find the latitude, but to find 
the longitude was quite another story. 
To determine the longitude we must have 
time — Greenwich time, to show us what 
o’clock it is in the spot which gives the 
hour of day to the world, and local time, 
the time of the locality in which our ship 
happens to lie. For every degree of 
longitude east of Greenwich our time will 
be four minutes fast of Greenwich mean 
time ; for every degree of longitude west 
of Greenwich local mean time will be four 
minutes later than Greenwich. # These 
differences become, of course, considerable 
over a long voyage. Thus, West Australia 
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is eight hours fast of Greenwich, while 
America is four hours behind us on her 
Atlantic coast and eight hours slow on the 
Pacific Slope. Now, in order to fix the 
longitude wc must have a chronometer 
which will neither vary nor lie. 

Such a thing as a really dependable 
watch was unknown in Harrison's youth. 
An Act of Parliament was passed in 1714 
offering rewards of £10,000, £15,000, and 
£20,000 to anyone who could discover a 
method of determining the longitude at 
sea severally within sixty, forty, and thirty 
geographical miles. All means in earth and 
sky and sea were open to the inventive, 
but in effect it came to this : “ Give us a 
dependable watch, a watch which will keep 
time at sea through rough weather and 
smooth, and here is £45,000 for it.” 
Clerkenwcll on the same terms could win 
the prize every day in* our times, but 
Clerkenwell had not got a Harrison when 
the money was available. 

At that period the conditions were such 
that the Government was prepared to pay 
£10,000 to anyone who could enable a 
navigator to fix his bearings within sixty 
miles. The prize was open to the whole 
world, but the illiterate Yorkshire carpenter 
was the man to. gain it. He exhibited 
his first drawings to Halley in 172# ; was 
passed on to George Graham, himself a 
considerable horologist ; was advised to 
reduce his theories to practice, and for 
seven years worked at his first chrono- 
meter. Tested in one of the Admiralty 
ships on a voyage to Lisbon and back, it 
stood the test of rough weather in the Bay 
of Biscay, and, upon the return journey, 
achieved a result recorded in the following 
certificate furnished by the captain : “ When 
we made land, the said land, according to 
my reckoning (and others') ought to have 
l>een the Start ; Imt before we knew what 
land it was, John Harrison declared to me 
and the rest of the ship’s company that, 
according to his observations with his 
machine, it ought to be the Lizard— the 
which, indeed, it was found to be -his ob- 
servation showing the ship to be more west 
than my reckoning, above one degree and 
twenty-six miles 1 '— that is, nearly ninety 
miles out of its course in a voyage of about 
1400 miles. The first marine chronometer 
had come into existence. 

Our miserly Government behaved with 
unparalleled shabbiness to Harrison. So 
far he had conducted all experiments and 
work at his own cost, and, now that he 
desired to make a second and better 
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chronometer, and needed money with which 
to carry out the work, the Commissioners 
offered £250 down, and £250 when they 
should be certified that the new chrono- 
meter had been placed on board a warship 
bound to the West Indies. Graham ad- 
vised that the grant should be at least 
£1000, but the Commissioners adhered to 
their offer, and with that Harrison had to lx* 
content. He had already far outdistanced 
all rivals, but he went from timepiece to 
timepiece, each better than its predecessor, 
and, by devoting himself entirely to the 
work, was reduced to debt and poverty, 
and had repeatedly to apply for assistance. 
His third timepiece brought him the Copley 
medal, and congratulations from men of the 
highest eminence that would have impressed 
anybody but members of a fatuous Govern- 
ment department. 

The fourth Harrison chronometer took a 
fleet out to Jamaica, enabling it to over- 
haul ships which had started ten days 
earlier, but which had been astray through 
having to trust to the log. It brought 
another ship home .with an error of les* 
than two minutes, or about eighteen geo- 
graphical miles. The Government, though 
pledged to award the £20,000 prize lor 
determining the longitude within thirty 
miles, declined to make the award. Trial 
after trial was made, each better in result 
than its predecessor, and all well within 
the conditions, but not until thirty-six 
years of shameful shilly-shallying did the 
Government meet its obligation, and award 
Harrison the prize he had won, a genera- 
tion before, for determining, for the first 
time, the longitude at sea. Harrison was 
eighty when he received the balance of what 
he had earned when forty-four years of age. 
He died in London on March 24, 177b. 

HERO 

An Ancient Applier of Science to Daily Life 

Hero, one of the great figures of ancient 
science, flourished about 100 b . c . He is 
commonly spoken of as the pupil of Ctesi- 
bius, who seems to have been some twenty 
years the senior of Hero. Both were promi- 
nent figures at the wonderful school ol 
Alexandria. The city, founded two cen- 
turies earlier by Alexandar the Great, had 
become not merely the world’s commercial 
emporium, but the repository of all learning 
and science. In the time of Hero it had a 
population of 300,000 free citizens, besides 
a still larger number of slaves. The city and 
school had attained the climax of then 
splendour during this period — the lifetime 
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of Cleopatra, with whom, in 30 b.c., the 
line of the Ptolemies finally died out. Greece 
sent her brightest sons to Alexandria ; the 
Romans sent their legions, and made the 
city their own. 

From Alexandria the rest of the world 
njok its scientific teaching. All physiological , 
;istronomical, and geometrical laws issued 
from the studies of the savants of Alexan- 
dria, or from the wise men to whom their 
learning had reached, and with whom they 
maintained a correspondence. Geometry 
originated, Herodotus tells us, from the 
needs of the people to re-establish the 
boundaries of property which every inun- 
dation of the Nile obliterated. Hero and 
his master, but more especially the pupil. 
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were foremost in settling problems of this 
character. Hero improved upon all previous 
liniments by inventing what is known as 
hie dioptra, of which our modern theodolite 
would seem to be the true descendant. He 
lor the first time placed it in the power of 
the surveyor correctly • to re-establish a 
houndary ot which the plan existed or one 
()r two points were known. 

.He is best remembered, however, from 
his investigations into the properties and 
Potentialities of steam. When the Hon. Sir 
Uiarles Parsons went to the Patent Office 
to enter his caveat in respect of his famous 
steam-turbine, he found nearly a hundred 
inventions recorded, all carrying some 
distance along the line by which he had 


advanced to his goai. He did not find 
Hero’s recorded, but it was the first of all 
the steam-turbines. It was little better 
than a scientific toy, and lacked piston and 
cylinder. The steam, generated in a closed 
cauldron, was conducted through a tube 
into a large metal ball, and, escaping by 
way of a couple of nozzles, in so doing 
caused the ball to revolve. After Hero’s 
death the idea lay dormant for over two 
thousand years ; it has been revived, or 
independently thought out, in our own day 
to revolutionise marine engines. 

.Another of his inventions was the hot- 
air engine. A fire upon the altar of a 
temple heated air contained within a hollow 
chamber, causing the air to expand and 
force a column of water into another 
vessel, and so actuate a pulley by which 
the doors of the building were opened or 
closed as required. By means of a double- 
acting force-pump he made the first fire- 
engine. His writings deal with the raising 
of weights, with the projection of missiles, 
and the use of compressed air and steam 
as motive-powers. Altogether a very 
striking figure is Hero ol Alexandria, the 
centre of many legends as to modern in- 
ventions anticipated, but demonstrably 
the creator of remarkable 1 mechanical ap- 
pliances which show the first application of 
science to the needs of daily life. 

PETER COOPER HEWITT 
A Millionaire Devoted to Invention 

Peter Cooper Hewitt was born in New York 
in x8br, the son of a wealthy, successful, and 
ingenious ironmaster, a politician, and reform 
mayor of New Y ork. His grandfather is said 
to have built the first American steam loco- 
motive, and the grandson believes that In 
himself has certain talent in the same direc- 
tion, for he has invented a mntor-c&fc 01 
improved, lie hopes, upon other makes. 
But it is as the inventor of the vacuum 
electric lamp, in which the vapour of mercury 
takes the place of carbon or other filament, 
that he gains a place in these pages. Tilt- 
lamp is fully described upon page 2804 ol 
the present work. 

Mr. Hewitt’s method of reaching that 
invention was interesting. His grandfathei 
gave him a chest of tools for a toy, and 
expected him to use them in the right way. 
Ho did. He was a mechanician before he 
was a scholar. Not that his scholastic 
training was neglected ; he was well 
grounded in electricity, physics, chemistry, 
and mechanics, first at a day-school, and 
afterwards at Columbia College. Then he 
was introduced to a still better school — the 
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works owned by his father and grandfather. 
Here he turned his hand to improving the 
plant for glue-making, in which he effected 
a revolution during his eight years* associa- 
tion with this aspect of the family business. 
Later he went right through machine-shop 
practice, from smithy-work to machine- 
fitting, and also took a turn at jewellery 
work, which at any rate served to develop 
his faculties for exact and careful manipula- 
tion on a very small scale. 

Having thus tried his strength, lie cast 
about for something on which to exercise 
it profitably. Seeing that the best electric 
lamps in existence were wasting in heat 
about 09 per cent, of the power supplied to 
them lor conversion into light, he began 
investigations in this direction. His experi- 
ments extended over six or seven years, and 
involved, the use of many different media, 
but he found that all produced too much 
heat and too little light, until he hit upon 
mercury. He knew nothing at the time, 
he says, of the fruitless experiments that 
had been made by others in the same field, 
but went to work as upon an entirely new 
plan. For long he was baffled by the resist- 
ance of the mercury in the vacuum tube 
to an electric current. He made what he 
estimates to have numbered thousands of 
trials before hitting upon the right combina- 
tion. Quite unexpectedly, he was successful, 
for, after sending a strong current through 
his tube, he followed up with a weak 
current, saw a series of flashes, and realised 
that the mercury vapour was conducting. 
Repeated trials enabled him to reduce his 
guess to a certainty. When once the resist- 
ance of cold mercury is overcome, a much 
less powerful current finds a ready passage 
and produces a brilliant light — the glow of 
the mercury vapour. It remained for him 
to fit a coil supplying a powerful initial 
current, and, the primary resistance of the 
mercury being overcome', it was necessary 
only to substitute the weaker current to 
gam, from the current normally supplied to 
incandescent lamps, from eight to nine 
times the volume of light j'iefded bv the 
filament lamp. How he had to overcome 
the surprising difficulty arising from the 
absence of red raj's from his light is described 
on page 2804 of “ Popular Science.” 

His first invention led him to two more. 
He found that the mercury lamp, when 
connected with wires conveying an alter- 
nating current, possesses the power of 
converting that alternating current into a 
direct current. Further research in the 
same direction led to the invention of the 
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electrical interrupter for use in wirelcs 
telegraphy. The mercury opposes a hig] 
resistance to the passage of electricity uj 
to a certain potential, when it gives way, am 
allows a current of low potential to becoini 
effective. This property he proposed t< 
apply to wireless telegraphy by using 11* 
mercury to break a strong current, such a 
is used in radial telegraphy, to product 
waves of the same length for sending 
through space. 

As a partner in the firm which bears lii : 
name, Mr. Hewitt has had time fpr hi 
experiments only at nights ; and his success 
achieved without the incentive which maj 
energise the needy man, is pointed to witl 
pride by his countrymen as evidence thai 
the sons of American millionaires are nm 
always false to the example of their sires. 

ROBERT HOOKE 

A Crooked Genius with the Brain of a Hundrec 
Men 

Robert Hooke was born at Freshwater 
Isle of Wight, on July 18, 1635, the son oj 
the parish minister. Congenital weakness 
rendered it impossible to educate him foi 
the Church, as was his father’s wish, and 
until he was thirteen he was left pretty mud] 
to his own devices. During this time he 
showed striking ingenuity in the making o( 
mechanical toys. Left fatherless at thirteen, 
with only jTioo as his portion, the boy spent 
some little time as pupil to Lely, then passed 
.to Westminster School, where he astounded 
his mentors by mastering the six books oi 
Euclid in a week, bj' acquiring Greek and 
Latin and Oriental languages at an incredible 
rate, by expounding “ thirty different ways 
of flying,” and by teaching himself to play 
the organ. At eighteen he entered Christ 
Church College, Oxford, as chorister or 
servitor, and eventually obtained his M.A. 
degree. He now became associated with 
Robert Boyle, as assistant, residing in his 
house and helping with his experiments. 
Boyle states that it was Hooke who sug- 
gested to him the first improvement on 
Guericke’s air-pump. The new instrument, 
which he describes in his “ Physico- Mechani- 
cal Experiments,”* had two barrels moved 
by the same pinion-wheel, and thus did 
twice as much work in the same time as 
its predecessor. This is believed to have 
been Hooke's invention. 

There is nothing in the idea to surprise, 
for Hooke became the greatest philosophical 
mechanic of his remarkable age. There was 
no aspect of mechanics or of abstract science 
into which he did not plunge, and none from 
which he did not emerge with new 
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inventions, tacts, and theories. He antici- 
pated the flying-machine ; he was ahead 
of Newton in divining the true doctrine of 
universal gravitation, though he was not 
mathematician enough to demonstrate his 
theory. He invented the first circular pendu- 
lum for watches, produced the parent form 
ot the modem electric clock, manufactured 
a thermometer; experimented in optics, in 
surgery, in industry, in architecture, in 
music ; anticipated the steam-engine ; im- 
proved the telescope, quadrant, and micro- 
scope ; made important advances in astro- 
nomy, and discovered the law of extension 
and compression of elastic bodies. 

Hooke was one of the great figures of the 
Royal Society in its early days. He was 
appointed firsft its Curator of Experiments, 
and later its secretary. As Professor of 
Geometry in Gresham College, he was pro- 
vided with rooms there, and lived at the 
college until his death, which occurred on 
March 3, 1703. Hooke’s work helped 
materially to lift science out of the mists of 
empiricism and quackery. He was not 
always right in his deductions — infallibility 
is not the gift of any man — but the blunders 
lu* committed were infinitesimal contrasted 
with the amazing correctness of his innu- 
merable other speculations. He discovered 
the true properties of heat, the method of the 
propagation of sound, the use of the pendulum 
as a means of measuring the force of gravity, 
caused sounds to travel along a wire long 
before the telephone was dreamed of, and 
outlined a system of telegraphy. In fact, 
it has been well said that there was no 
important invention by any philosopher of 
that time which was not, in part at least, 
anticipated by this extraordinary man. 
While the Royal Society was amusing itself 
with such trifles as " the skin of a Moor, . 
tanned, with white hair,” Hooke was 
occupied in matters of which worthy Samuel 
Pepys gives us some enchanting glimpses. 
The time was that of the Plague ; and while 
doctors arc gravely discussing whether, 
their patients having fled the stricken city, 
they might not justly follow suit, Hooke 
was quietly at work with his thousand 
occupations. He peeps out from the pages 
of Pepys like some benevolent magician ; 
and it is worth while to spend a minute or 
s o in his company, and with that of the men 
with whom he moved. 

, After a dinner with the “ old jokers ” at 
Trinity House, Pepys goes, in February, 
*664, to Gresham House, to be admitted a 
member, and there for the first time meets 
Hooke — a small, crooked man, “ who is the 


most, and promises the least, of any man in 
the world that I ever saw.” Here from eight 
till ten he hears their discourses and wit- 
nesses their experiments, “ which were this 
day on fire, and how it goes out in a place 
where the ayre is not free, and sooner out 
where the. ayre is exhausted,” and so with 
them all To a club supper at the Crown 
Tavern, behind the ’Change. In the follow- 
ing month (March, 1664) our diarist returns 
to Gresham College, “ where Mr. Hooke 
read a very curious lecture about the late 
Comet, among other things proving very 
probably that this is the very same Comet 
that appeared before in the year 1618, 
and that in such a time probably it will 



company, takes him to Greenwich, “ to the 
tryal of some experiments about making of 
coaches easy,” one of which they all 
“ rid ” in, and found mighty easy from the 
fact that “ the whole body of the coach 
lies upon one long spring.” They are still 
experimenting with coaches in the succeed- 
ing year, and my Lord Brouncker, with 
Hooke in attendance, rides in one “ where 
the coachman sits astride upon a pole over 
the horse, but do not touch the horse, 
which is a pretty odde thing.” This is the 
first gathering of members at Gresham 
College since the outbreak of the Plague, 
and “ what, among other fine discourse, 
pleased me most was Sir G. Ent about 
Respiration ; that it is not to this day 
known, or concluded on among physicians, 
nor to be done either, how the action is 
managed by Nature, or for what use it is.” 

Ent, be it noted, was President of the 
College of Physicians at that time. The 
crooked little man in his company was 
destined to teach him something as Jo the 
manner in which we breathe, and •why. 
From comets and coaches to felt-making. 
“ And here [Gresham College] a good lecture 
of Mr. Hooke’s about the trade of felt- 
making, very pretty.” 

Two years later the diarist again meets 
Hooke, and has from him a discourse about 
the nature of sounds. “ And he did make 
me understand the nature of musicall 
sounds made by strings, mighty prettily ; 
and he told me that, having come to a 
certain number of vibrations proper to 
make any tone, he is able to tell how many 
strokes a fly makes with her wings (those 
flies that hum in their flying) by the note 
that it answers to in musique during their 
flying.” Samuel indulges in a sceptical 
chuckle as he jots down his information, 
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his comment being : “ That, I suppose, is 
a little too much rclincd ; but his discourse 
in general of sound was mighty fine.” 

When next they meet, Hooke lias been 
trying experiments in the transfusion of 
blood. He was ready enough to experiment 
upon himself, as when— varying labour on 
the cutting of toothed wheels for watches, 
and exploring the mysteries of soap-bubbles 
and earthquakes, and enunciating theories 
of light and heat, respiration and combus- 
tion — he submitted himself to trial in an 
exhausted receiver. Hut now he tells Pepys : 
“ The dog which was tilled with another 
dog's blood, at the college the other day, is 
very well, and likely to be so as ever.” 

Such were the multifarious activities of 
this man. But the list is not exhausted. 
After the Great Fire he designed and 
exhibited a model for the rebuilding of the 
ruined capital ; and, though it was not 
adopted, his scheme gained him the appoint- 
ment of City surveyor. He designed, in this 
capacity, the new Bethlehem Hospital, 
Montagu House, the C ollege of Physicians, 
and other buildings, 'flu* money ho received 
for his labours he stored in an iron chest, 
and left it untouched, living penurious] v all 
his days. His capital, amounting to some 
thousands of pounds, was found intact in 
its safe after his death, thirty years from 
the time of its passing into his hands. 

Hooke was one of the most extraordinary 
men of his own or any other age ; the 
greatest mechanic of his era, a seer and 
prophet of incomparable clarity of vision. 

“ In person but despicable, being crooked 
and low of stature . . . he went stoop- 

ing and very fast, having but a light body 
to carry.” He frequently worked through 
the night, recruiting his faculties with a 
short nap during the day. He had many 
quarrels with his contemporaries, but even 
those quarrels were productive of good, for 
his challenges and impeachments impelled 
his protagonists to extend and amplify their 
researches, and drove even the mighty 
Newton to verily his calculations. Indeed. 
Hooke’s theory of gravitation, reached 
intuitively, as it were, was adopted, and 
formed part of Newton’s. 

ELIAS HOWE 

The Inventor of the Sewing-Machine 

Elias Howe was born at Spencer, Massa- 
chusetts, on July o iSiq. The inventor of 
the sewing-machine was the son of a small 
farmer, but he gained his idea for the 
sewing-machine in the works of a cotton- 
machine manufactory where he was 
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employed. It was not any one machine that 
suggested the idea, but a general mastery 
of mechanical principles, and the knowledgo 
that a sewing-machine was among the things 
most badly needed by the world. 

Up to the time of Howe’s invention evei v 
bit of sewing had to be done by hand. It 
was in 1841, when he was in very poor cii- 
cumstanccs, that he first addressed himself 
to the task, and his labours have ever sina- 
been cited as among the highest examples ol 
patient industry and devotion to a scientific 
task. Hard at work at the factory all -day, 
and earning barely enough to maintain his 
little family, he laboured night after night, 
year after year, in a dismal garret, at model 
upon model. The principle was new to him. 
there was nothing to guide him, but the 
work became a passion with him, and he 
could not rest day or night for it. He had 
brought himself almost to beggary with the 
problem still unsolved — where was the eye 
of the needle to lie placed ? 

His first plan was to let the machine- 
needle follow the plan of the needle of the 
seamstress, which lias the eye at the heel, 
but this proved impossible. One night he 
dreamed tliaL he was making a sewing- 
machine for a savage king, who gave him 
twenty-four hours in which to complete the 
machine, and make it sew — or die. In his 
dream he saw himself defeated, and led out 
to execution by warriors carrying spears — 
that were pierced through the head. He 
awoke with a start, for the problem was 
solved. Running to his garret, he pierced 
the head of a needle, and ran a thread 
through it, and the victory was gained. 

But, of course, the mechanism of the 
machine was infinitely complicated. The 
first needle was curved, and was attached 
to the end of a vibrating lever, with which 
was combined a reciprocating shuttle for 
producing the lock-stitch. The needle had 
an eye near its point, and a groove along 
the upper and lower sides to allow of the 
thread lying safely, and so passing nioie 
easily to the cloth. The material to he 
sewn was fixed to pins on the edge of a thin 
steel rib, called a baster plate, which formed 
a portion of the feed mechanism for pro- 
pelling the cloth, and was carried along, 
step by step, by the teeth of a small pinion, 
geared into holes made in the baster plate. 
An intermittent rotary action was imparted 
to the pinion, by self-acting mechanism 
working in concert with the needle and 
shuttle. Of course, this feed mechanism 
has long since disappeared, together with 
other archaic features. The cloth was held 
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in a vertical position against the side of the 
shuttle-race or groove by two strikers, 

( arried on the ends of vibrating arms worked 
ilternately by cams. An important and 
uigcni ius contrivance embodied in the 
machine was that which gave the requisite 
tension to the needle and shuttle threads, 
tor taking up the slack in the needle- thread 
lonned on the needle entering the cloth, for 
tightening and drawing up the stitch, and 
lor supporting the cloth against the thrust 
and withdrawal of the needle. 

Such, in brief, was the first sewing- 
machine ever invented. Primitive and 
crude as it was, that machine, the parent 
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<>f all others, was destined to bestow a 
gi eater blessing upon housewives than 
almost any other mechanical invention 
that has ever been introduced into the 
hoine. ; ,It created huge new industries, by 
making cheap clothes possible, and by its 
i^e in a thousand directions of which its 
inventor never dreamed The after-history 
"1 the machine was not wholly surprising: 
It proved at first a heartbreaking failure to 
Howe. Granted a patent for it in 1846, he 
l ’ould at the outset do nothing with it in 
America, so sold the English rights to a 
man named Thomas for £250, and himself 
followed the machine to England to adapt it 
to the making of corsets. He did not prosper, 


for in 1849 h e had borrow his passage- 
money to return steerage to America. He 
found his wife utterly destitute, and dying 
of consumption. His patent had been in- 
fringed, and others were making money 
rapidly out of the idea stolen from him 
while lie and his family were starving. 

But Howe had courage as well as genius. 
He fought the pirates, especially Singer ; 
fought and beat them all, and fully vindi- 
cated his right to the invention brought 
with such labour and sorrow to wluit was 
then regarded as perfection. Weary days 
of poverty still lay before him, but at last 
the tide turned ; and ten years after he had 
finished his machine he was in a position to 
dictate terms to all who had conspired to 
rob him. His position was once and for all 
established by the law, and there remained 
thirteen years for his patent still to run. 
For every sewing-machine in the world not 
of his own manufacture, the makers had to 
pay him a licence, and in that thirteen years 
of harvest he reaped a return of from 
£35,000 to £40,000 per annum. It was a 
splendid reward, comparable with that of 
Arkwright’s. But there always remained in 
his mind the memory of the bitter days when 
lie was bringing his invention to completion, 
and the cruel fate of his young wife, who 
was starved into consumption and death 
while his work was yet unrecognised. 

Howe’s original machine still exists, a 
crazy, clumsy- looking contrivance today, 
but still a wonderful little machine, con- 
sidering the story of its creation. Howe died, 
a rich man, at Brooklyn, on October 3, 
18(17. If tailors and seamstresses ever 
decide to canonise a man, that man should 
be the inventor of the sewing-machine, and 
his style should be St. Howe. 

DAVID EDWARD HUGHES ^ 
Inventor of the Microphone 

David Edward Hughes, whose micro- 
phone made the telephone a commercial 
success, was born in London, of Welsh 
parentage, on May 16, 1830, but was taken, 
at seven years of age, with his family, to 
Virginia. He was educated at St. Joseph’s 
College, Kentucky, and distinguished him- 
self by musical talent and aptitude for 
natural philosophy- in fact, he taught both 
subjects until the electric telegraph called 
into play his faculty for invention. 

There was in use in America a primitive 
form of type-printing machine, and Hughes, 
taking up the idea, devoted two years’ 
study to it ; then, when only six-and- 
twenty, brought out his own machine for 
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printing by telegraphy. The idea was at 
once adopted in America, but on his 
bringing it to England the powers that 
be viewed it with the same distrust that 
had been engendered by electric telegraphy 
in all its stages. The French Government, 
however, after thoroughly testing the 
invention, took it up gladly, and honours 
as well as riches were bestowed upon the 
inventor. * Hughes stayed in Paris for 
some years; then, returning to England, 
established himself in London, fitted up a 
laboratory equipped with apparatus of 
his own fashioning, and within a year 
brought out his invaluable microphone, 
which at once superseded the Bell trans- 
mitter, and gave resonance and reality- of 
tone to the human voice over the telephone, 
as well as investing the instrument with 
other interesting powers. The instrument 
is described at page 714 of this work. 

Immensely important results should have 
followed from t he discoveries made by 
Hughes in connection with the microphone, 
lie was actually practising wireless tele- 
graphy in the streets of London when 
Marconi was a child in knickerbockers ! 
Hertz, who had proved the existence of 
the electro-magnetic waves which Clerk 
Maxwell had declared would be found, died 
saying that wireless telegraphy and tele- 
phony would never be possible, he feared, 
because the alternations of current in the 
telephone were too slow in comparison 
with the electro-magnetic oscillations. And 
yet, long before Hertz had made his dis- 
coveries, a man had been strolling about 
London actually using the very instrument 
which performed the “ impossible ” feat. 
Hie whole romantic story may be found 
in Mr. J. J. Fahie’s “ Wireless Telegraphy.” 

The microphone owes its action to the 
great variation of electrical resistance of a 
loose contact between two conductors, 
on the slightest relative movement of the 
two parts. Proceeding from his first 
invention, Hughes produced his remarkable 
” induction balance,” in which a telephone 
replaced the galvanometer and current - 
rectifier. Extending this idea, he found 
that, by uniting the telephone to the coils 
of his induction balance, he made the 
former sensitive to' a remarkable degree 
to the presence of metals- - so much so 
that he could tell a good coin from a bad 
one by the sounds given out in the telephone. 
The extreme delicacy of the instrument 
was proved when the inventor located 
a piece of iron which had lain for thirty-five 
years in one of the fingers of Elisha Gray. 
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It was with this or a similar ' instrument 
that Professor Graham Bell, the inventor 
of the telephone, sought to discover the 
whereabouts of the bullet lodged in the 
body of President Garfield. Proceeding 
with his researches, Hughes was for a time 
puzzled by the fact that at times he could 
not get a perfect balance in his induction 
balance, and thought that the defect lay 
in the fact that there was intermittent 
loose contact, or “ microphonic joint,” 
excited in some portion of the circuit. 

He found that these microphonic joints 
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were sensitive to sudden electric impulses 
whether given out to the atmosphere 
through the extra current from a coil or 
from frictional machinery. Investigation- 
showed that the microphone emitted a 
current or sound in the telephone receiver, 
whether the microphone was placed direct 
in the circuit or several feet away from 
the coils, through which an intermittent 
current was passing. He next ascertained 
that an interrupted current in any coil 
gave out at each such interruption suck 
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intense extra currents that the whole 
atmosphere of the room, or rooms, would 
have a momentary discharge which was 
perceptible to the microphone. He had 
discovered the phenomenon on which 
depends the action of the coherer in wireless 
telegraphy, afterwards independently dis- 
covered by Lodge and Marconi. He then 
began experiments in actual wireless tele- 
graphy, and Preece, Crookes, Huxley, and 
Dewar were among the first to witness his 
success. These experiments formed the 
basis of a remarkable article written 
some years later by Sir William Crookes, 
foreshadowing the coming of wireless tele- 
graphy. Signals were transmitted through 
intervening walls from room to room. 

Hughes himself afterwards wrote : “ After 
trying successfully all distances allowed 
by my residence in Portland Street, my 
usual method was to put the transmitter 
in operation, and walk up and down Great 
Portland Street, with the receiver in my 
hand, with the telephone to the ear. The 
sounds seemed slightly to increase for a 
distance of sixty yards; then gradually 
diminish, until, at 500 yards, I could 
no longer with certainty hear the trans- 
mitted signals. What struck me as remar k- 
ible was that opposite certain houses I 
rould hear better, whilst at others the 
signals could hardly be perceived. Hertz's 
discovery of nodal points in reflected 
waves (in 1887-89) has explained to me 
what was then a mystery." 

Next, in February, 1880, his experiments 
were witnessed by the President and 
honorary secretaries of the Royal Society, 
who were at first astonished at the trans- 
mission of wireless signals over distances 
up to 500 yards, but, in the end, Sir George 
Stokes would not accept the inventor's 
theory that the results were due to electric 
waves. All the results, he said, could be 
explained by well-known electro-magnetic 
induction effects. 

Hughes was disappointed at the sceptic- 
ism of his friends, and “ so discouraged 
at being unable to convince them of the 
truth of these aerial electric waves that I 
actually refused to write a paper on the 
subject until I was better prepared to 
demonstrate the existence of these waves. 
And I continued my experiments for some 
years, in hopes of arriving at a perfect 
scientific demonstration of aerial electric 
waves produced by a spark from the extra 
currents in coils, or from frictional electricity, 
cr from secondary coils." 

While he was still experimenting, Hertz 


discovered the electric waves in which 
Stokes disbelieved ; and because our pro- 
fessor in dudgeon refused to publish the 
results as to which his scientific friends 
were doubtful, the miracle of wireless 
telegraphy was withheld from the world 
until Marconi arrived and developed it. 
We might not even have heard of Hughes 
in connection with the magic story had 
not Sir William Crookes written his paper 
on the subject, which set all the scientific 
world talking and demanding the name of 
the author of the seemingly incredible 
experiments which, as he said (February, 
1892), revealed the “ bewildering possibility 
of telegraphy without wires, posts, cables, 
or any of our present costly apparatus." 
Hughes realised a large fortune, and, 
dying in London on January 22, 1900, left 
the bulk of £400,000 to London hospitals. 

BENJAMIN HUNTSMAN 
The Inventor of Crucible Steel 

Benjamin Huntsman, the inventor of 
crucible-cast steel, was born, of German 
parentage, in Lincolnshire, in 1704, and, 
endowed with considerable mechanical 
genius, established himself at Doncaster as 
a clock maker and mender, and as repairer 
of a variety of mechanical implements. In 
connection with his work he made a number 
of ingenious tools, but for these, as for the 
springs and other parts of his clocks, he 
suffered from a lack of good metal, and set 
himself the task of himself providing the 
improved metal that he sought. He settled 
on the outskirts of Sheffield in 1740, and 
there began the experiments which were to 
increase the pre-eminence of that city as 
the centre of the steel-making world. How 
he reached his results cannot now be known, 
but Smiles, his biographer, who was 
stimulated to inquiry by a French memoir, 
the first publicly to recognise the work of 
Huntsman, tells 11s of the record of many 
misadventures. 

Long after Huntsman’s death, he says, 
the memorials of the numerous failures 
through which he had worked his way to 
success were brought to light in the shape 
of many hundredweights of steel, found 
buried in the earth in different places about 
his manufactory. From the number of 
these wrecks of early experiments it is 
clear that he had worked continuously 
upon his g^and idea of purifying the raw 
steel then in use by melting it with fluxes 
at an intense heat in closed earthen crucibles. 
But success came in due season ; the first 
crucible-cast steel was invented, and it 
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remained but to sell it. It was offered in 
vain to the Sheffield manufacturers. The 
roduct was so much harder — and, of course, 
etter — than any they had previously used 
that they would not touch it. Huntsman 
was not, however, long denied a market ; 
he found ready purchasers in France for 
all his output.. 

Very soon French cutlery and other 
wares made of this new Sheffield steel were 
invading the Sheffield market, and the 
Sheffielders went in panic to their senior 
member of Parliament, beseeching him to 
get Parliament to prohibit the exportation 
of cast steel. When the gentleman in 
question heard that they themselves de- 
clined to use the new steel which was 
beating them in the markets, he was wise 
enough to refuse countenance to the 
petition. So, against their will, the men 
of Sheffield had perforce to buy the new 
metal which was available at their very 
doors, and ' Huntsman, his trade thus 
suddenly, increased, found it necessary to 
remove to larger premises at Attercliffe, 
another Sheffield suburb. 

Many attempts were made to fathom his 
secret. He must have been served by a 
particularly loyal set of workmen. They 
were all sworn to secrecy, and melted their 
steel only at night, and, though fantastic 
tales got abroad as to broken glass bottles 
used as a flux being the charm employed 
for the conversion of impure metal into 
this inimitable steel, those who sought to 
emulate him failed, until Walker, of Greno- 
sidc, began to produce its like. 

The story of his mastering the grand 
secret bears a suspicious resemblance to 
jne told of the Potteries, but Smiles accepts 
it, having had it from the descendants of 
Huntsman. Walker, disguised as a tramp, 
presented himself at the works one bitter 
night, just as the workmen were about to 
begin their labours at steel-casting, and 
asked permission to warm himself by the 
furnace fire. Stirred to pity, they admitted 
him. He watched the whole process while 
feigning sleep by the fire. He saw that 
bars of blistered steel were broken up into 
small fragments, two or three inches in 
length, and placed in crucibles of fireclay ; 
saw them add a little green glass, broken 
into small fragments, cover the whole with 
a closely fitting cover, and place it in a 
furnace already prepared. In the course 
of three or four hours, during which the 
boiling metal was examined from time to 
time, the steel was thoroughly melted and 
incorporated, and then at last poured, 
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blazing and sparkling, into moulds of cast 
iron, where it was suffered to cool. 

Very soon afterwards Walker himselt 
began the manufacture of crucible-cast 
steel. The industry was of prime import- 
ance to the steel-making industry as a 
whole, and to Sheffield in particular. At 
the very time that the Sheffielders were 
agitating against him, Huntsman was con- 
sidering a handsome offer from Birmingham 
to set up his works there. Had he gone, 
Sheffield might have had a very different 
tale to tell today, and Birmingham might 
have been the steel capital of the world. 
Huntsman, who was a man of considerable 
learning, and in his youth acted, con amore, 
as doctor and oculist to the poor about 
him, amassed a handsome fortune, and 
handed on a famous business to his son. 
He died in 1776, and was buried in Atter- 
cliffe churchyard, to which his French 
biographer, who was the first to direct 
attention to his merits, made a pious pil- 
grimage to copy the dates of his birth and 
death for the report he was presenting to 
his Government. In this case we have had 
to go from home to learn the news of one of 
the worthiest of our industrial pioneers. 

JOSEPH MARIE JACQUARD 
Inventor of the Pattern-Making Loom 

Joseph Marie Jacquard, inventor of the 
loom which bears his name, was born at 
Lyons in 1752, the son of very poor silk- 
weavers. The misery of his own household 
caused him to revolt against the calling 
until, as he said, such time as he was able 
to invent a better loom which should do 
superior work at less cost in labour to the 
operative. But the need for bread caused 
him to accept such employment as was at 
hand — that of bookbinder, type-founder, 
hat-maker — so that it was not until he had 
reached middle age that he was able to 
indulge his latent genius for mechanics. 
And then the revelation of his talent was 
due to accident ! 

In 1802 the English Society of Arts 
offered, with apparently small chance of 
success, a handsome prize for a lace-making 
machine, or one that should be applicable 
to a certain process of thread-weaving. 
A French translation of the announcement 
reached Jacquard, and in his spare time 
he constructed a model, but thought too 
little of it to claim the reward — so many 
other minds must have designed something 
of the sort, he imagined. But a fellow- 
workman realised the value of his inven- 
tion, and, borrowing the model, showed it 
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to the prefect. The latter, wiser than the 
generality of his order, at once despatched 
the model to Paris, whither Jacquard was 
bidden speedily to present himself. 

He went in fear and trembling, expecting 
nothing less than the guillotine for some 
crime that he had not committed, but was 
received not by M. de Paris. Napoleon, at 
that time First Consul, and rough-tongued 
Carnot awaited him at the Conservatoire 
des Arts et Metiers. “ Are you the man/’ 
asked the Organiser of Victory — “ are you 


the man who pretends to do what God 
Almighty cannot do — tie a knot in a 
stretched string?” The frightened Jac- 
quard could only reply that he could not do 
what God could not do, but what God had 
taught him to do. Encouraged by Napoleon, 
he explained his plan ; and this, when per- 
fected, gave us the loom for silk and lace 
and other fabrics. Essentially the J acquard 
loom consists of perforated cards in connec- 
tion with a revolving cylinder, which brings 
about this result— that if a wire or needle 
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with a particular warp-thread passes 
through a perforation in the card, it is taken 
up and forms part of the pattern ; otherwise 
it is detached. The precise arrangement of 
the perforations constitutes the pattern. 
By this invention the ordinary workman is 
enabled to produce beautiful and compli- 
cated designs, which previously required 
almost incredible patience, skill, and labour. 

Napoleon was highly pleased with the 
inventor, and appointed him forthwith to 
the Conservatoire, where he perfected his 
machine, and had the oversight of all the 
weaving, and especially of the weaving of 
intricate patterns. Napoleon could com- 
mand and inspire armies, but he could not 
command the unruly prejudices of the work- 
people. The “ no-machinery n virus was as 
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malignant in France as in England. When 
Jacquard exhibited a perfect machine to the 
Conscil des Prud’hommcs of his native town, 
they ordered that it should be publicly 
destroyed, and it was demolished in the 
market square, amidst the shouts and 
rejoicings of the mob. J acquard was 
declared to be a -man worthy only of con- 
tempt and ignominy, and thrice he nar- 
rowly escaped with his life. The invention 
passed to England, where it gave a great 
impulse to trade. Then in self-defence the 
French were compelled to adopt the inven- 
tion which they had reviled. Jacquard, 
who was of a forgiving and complaisant 
disposition, forgot his wrongs ; at once came 
forward and superintended the improve- 
ment and mamifacture of his loom. He ’ 
enjoyed a modest competency from the 
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municipality of Lyons, for whom he carried 
out the work, and refused tempting offers 
from strangers to devote his services to 
them, saying that he preferred to consecrate 
all his time and such abilities as he possessed 
to the service of the town, and to perfect, 
as far as possible, his former inventions. 

He lived to see his loom in general use, 
**and, disdaining wealth, found his reward in 
the fact that he had given to the world a 
machine which emancipated the workers 
from the toil and penury of which his own 
father, mother, and starving sisters had in 
his boyhood been victims. J acquard, a very 
notable figure in the annals of invention, 
died in 1834 at Lyons, where a statue now 
stands to keep his name and memory con- 
stantly before the community whose ances- 
tors he so unselfishly benefited. When 
J acquard died, the then tiny town of Coven- 
try and the adjoining villages had no fewei 
than 2230 of his looms at work 

JOHN KAY 

The Inventor of the Fly Shuttle 

John Kay, the inventor of the fly shuttle, 
was born at Walmersley, near Bury, Lan- 
cashire, on July 16, 1704. His father, ;i 
woollen manufacturer, seems to have given 
him the advantage of an educational tour 
on the Continent, and, upon his return, tn 
have placed him in charge of his business at 
Colchester. It was at Bury, however, that 
Kay was destined to become known. Weav- 
ing at this time was conducted very much on 
the same principle that had been employed 
from the earliest times. Indeed, the cotton 
wrappings of mummies taken from Egyptian 
tombs are said exactly to resemble the clotli 
made in Yorkshire, Lancashire, and else- 
where at this time. No mechanical genius 
had ever looked into the process. Kay wan 
the first to bring his mind to bear upon the 
subject. The shuttle in use was one worked 
by hand. The weaver had to pass it by hand 
through alternate threads of the warp, 
passing it forward with one hand, catching 
it at the end of its journey with the other 
hand, and with that returning it across the 
warp. Kay's invention was a shuttle that 
required the use of only one hand, and it 
further closed up the weft by a self-acting 
mechanism. The Kay shuttle worked with 
great rapidity; hence its name^“fly” 
shuttle. The weaver was spared Half lit 
labour, and did at least twice the work, and ot 
much better quality. The patent was taken 
out in 1733, when the inventor was only 
twenty-nine years of age. The importance 
of the fly shuttle was at once seized upon 
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by the manufacturers of the time, to whose 
trade it brought an undreamed new power. 
But, with the studied insolence which 
greeted all the early inventors in the cotton 
and woollen trades, they refused to pay for 
their treasure. -Nay, more — they had the 
audacity to form themselves into what they 
called “ the Shuttle Club/’ whose sole object 
was to present a united front to Kay upon 
his proceeding against them for the theft of 
his patent. He was compelled in self-defence 
to proceed, and of course gained decisions 
in his favour, but at such ruinous cost in 
legal fees that he was impoverished by the 
actions. The workmen, not satisfied with 
the iniquitous conduct of their masters, 
also rose against the luckless inventor. Their 
plea was that, although the new invention 
enabled them to do more work in a given 
time, there was no more work for them to 
till in the intervals, and their wages were 
lessened. Moreover, their numbers were 
decreased, for whereas with the old hand- 
thrown shuttle two men were required for 
a broadcloth, now one could manage. Such 
was the plea in this instance, but any argu- 
ment sufficed in that day to justify a 
machine-smashing campaign such as was 
now organised. They caused Kay to close 
his workshops, then broke into his house, 
demolished everything he possessed, and 
would have killed him had not friends 
smuggled him away to a place of safety, 
swathed in a package of wool. 

Kay invented a power-loom which failed, 
ns is supposed, from his lack of the funds 
necessary to bring it to perfection, while 
improved pumps and an ingenious card- 
making machine were as unfortunate. He 
tied to France, where he is said to have 
worked some of his machines which had 
been earlier smuggled out of the country. 
Encouraged by the British ambassador to 
return to England and once more challenge 
fortune, he was broken-hearted to find his 
invention everywhere employed, creating 
wealth for everyone concerned but himself. 
A letter still exists which, there can be little 
doubt, he addressed to the Society of Arts. 
“ I have a great many more inventions than 
I have given in,” wrote this unhappy genius, 
“ and the reason that I have not put them 
forward is the bad treatment that I had 
from woollen and cotton factories in different 
parts of England, twenty years ago. And 
then I applied to Parliament, but they 
uould not assist me in my affairs, which 
obliged me .to go abroad to get money to 
pay my debts and support my family.” 

Hopelessly baffled and crushed, the 


luckless Kay retired finally to Paris, where 
he died in poverty and obscurity upon a date 
unknown. His biographer, in an estimate of 
the value of Kay’s gift to his times, remarks: 
“ Kay’s improvements in machinery foi 
weaving continue in use to the present day ; 
they form a part of each loom actuated by 
power, of which there are tens of thousands 
in this kingdom alone, forming* cloths of 
silk, cotton, linen, and woollen. He was 
the founder of the first great improvements 
in the manufacture of cloth, by which em- 
ployment is now given to hundreds of 
thousands of people, and to millions of 
pounds sterling.” Parliament was ap- 
proached during the latter half of the nine- 
teenth century on behalf of indigent de- 
scendants of Kay, but, although the full 
story of his inventions was presented, 
nothing resulted. Yet there w T ere men in 
that Parliament whose ancestors owed every 
penny of their wealth to Kay’s invention. 

SAMUEL PIERPONT LANGLEY 
Who First Made the Power-Driven Aeroplane Fly 

Samuel Pierpont Langley, astronomer 
andinventor of flying-mad lines, was born at 
Roxbury, Mass., U.S.A., on August 22 , 1834. 
In the early part of his career this famous 
American man of science displayed an un- 
common versatility of talents. Having 
passed through the Boston High School 
in 1851, he took up the study of civil en- 
gineering and architecture, and practised 
these professions as a means of livelihood. 
He had a strong bent towards astronomy, 
and all his leisure time was devoted to the 
study of the sciencs by which he afterwards 
won his fame. He made enough money 
at thirty to be able to afford to travel 
through Europe, visiting observatories, and 
mingling with men of science. * ^ 

He returned to America with the c inten- 
tion of devoting himself entirely to scientific 
pursuits. At some sacrifice he accepted in 
1865 the position of an assistant at the 
Harvard College Observatory, but soon 
afterwards his means were somewhat en- 
larged by an appointment as assistant 
professor of mathematics in the United 
States Naval Academy. Then came the 
chance of his life. The directorship of the 
new Alleghany Observatory at Pittsburg 
was won by him, and he was able to last to 
throw himself into the work in which from 
a boy he had been passionately interested. 

He became known to the general public 
in 1868 by his services to the Pennsyl- 
vania Railway. He arranged to establish 
Standard time on this railway by taking 
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observations of the stars, and telegraphing 
the exact astronomical time ail along the 
line. The use of local times was then 
universal in the United States, even in the 
railway services, and confusion and acci- 
dents were frequent and inevitable. By his 
method of signalling his astronomical ob- 
servations, Langley put an end to the- 
confusion over the area stretching from the 
Atlantic seaboard to the Great Lakes. His 
system was so successful that it was soon 
widely imitated. 

In some way the young astronomer was 
not fortunate in his early studies of the 
stars. The sky of the region where he was 
settled was so smoky and so misty that 
his observations were often interrupted, 
but with characteristic ingenuity he turned 
this disadvantage into a source of inspira- 
tion. Finding that the stars were hidden 
from him at night, he resolved to make the 
study of the sun the main work of his life. 
So he began that fine series of researches 
into the physics of solar radiation with 
which his name has become most closely 
associated. In 1869, in 1870, and in 1878 he 
directed the Government eclipse expedi- 
tions, and, by ascending on the last occasion 
Pike's Peak, he discovered that the corona 
visible in an eclipse of the sun is much 
larger than had been thought. His drawings 
of sunspots, made before the days of solar 
photography, contained all that the un- 
aided eye can sec of the surface of the 
flaming centre of our planetary system. 

From 1875 he had given much attention 
to the problem of the invisible heat-rays 
from the sun and other hot bodies, but he 
was impeded by the crudeness and in- 
accuracy of all instruments used for measur- 
ing heat. Aided by a grant from the Rum- 
ford Fund, he set to work in December, 
1879, to invent an apparatus for studying 
the invisible heat -rays of the sun. 

This was the first work of importance 
in which his fine inventive genius was 
displayed. The outcome was the famous 
bolometer, which is so sensitive that it can 
register the heat given off by a single candle 
at a distance of a mile. In his first design 
two strips of thin metal were connected by 
the wire from an electric battery. In the 
ordinary way the current passed through 
the strips of metal in a regular flow, and 
the galvanometer did not move. But when 
one of the strips became slightly warmed its 
electrical resistance was increased, and the 
effect was seen in the movement of the 
galvanometer. In its final form the bolometer 
consisted of two sets of metal strips arranged 
4800' 


somewhat like a grating. The strips were 
made of platinum, .only i-i5ooth of an 
inch thick. With this instrument Professor 
Langley explored the infra-red portion of 
the spectrum of sunlight. 

As is well known, the solar spectrum con- 
sists of a band of rainbow colours on which 
there are thousands of faint dark lines. 
These dark lines represent the elements 
flaming in the heart of the sun, and rolling 
up in clouds of gas on the surface. Beyond 
the red part of the spectrum is an invisible 
portion in which most of the heat-rays are 
found. But the trouble is that the colour 
cannot be seen, so the fine lines, of course, 
are still more invisible. Langley set himself 
to make out these invisible lines on an 
unseen band of infra-red colour. He did it 
by means of his bolometer. 

He sent a ray of sunlight through a 
prism, and so broke it into an ordinary 
spectrum, and then let a tiny part of the 
infra-red rays strike on his bolometer. 
He could tell when he came to a line by the 
fact that the lines were colder than the rest 
of the invisible hot end of the spectrum. 
But the work was so laborious that it took 
him two years to fix the position of twenty 
lines. This was much too slow, so he 
improved his recording instruments, and 
made them practically automatic. In this 
way the work of two highly trained 
observers was saved, and by moving every- 
thing simultaneously by clockwork the 
labour of exploring and measuring the 
invisible heat-rays and lines was much 
expedited. 

Having thus perfected his instrument, 
Professor Langley put it to new uses. He 
took one of the large and brilliant fire- 
flies of Cuba and sent its light across a 
spectrum, and examined the red end with 
his bolometer. He found that there were 
no infra-red rays, and that even the ordinary 
red rays were lacking. He thus showed that 
light-producing insects manage easily to do 
what man as yet cannot — create light 
without heat. 

In 1887 Professor Langley became 
secretary of the Smithsonian Institute, 
which officially represents the interests of 
the United States in pure science. His 
new position gave him the opportunity for 
working at a new problem, which he had 
long had in his mind. This was the 
problem of mechanical flight. He saw that 
what was needed was the experimental 
study . of the conditions bearing in the 
behaviour of bodies in motion through the 
air. He published his first “ Experiment 
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in Aerodynamics ” in 1891, and followed 
this up by an important paper on “ The 
Internal Work of the Wind.” 

All these preliminary researches satisfied 
him of the possibilities of mechanical flight, 
so for several years he worked at the 
design and construction of small flying- 
inachines in his private workshop at the 
Smithsonian Institution. In 1896, for the 
first time in history, he launched a 
mechanical structure free of any attach- 
ment to the ground, and without any 
supporting power but its own engines. It 
made several flights, each over half a mile 
in length. Having thus demonstrated both 
the conditions and the possibility of 
mechanical flight, Professor Langley let the 
matter rest for some time. 

He had shown, from a scientific point of 
view, that the flying •• machine was an 
actuality, and, busy with his spectrum 
studies, he left the field open for practical 
inventors. Later on, at the desire of the 
American military authorities, he continued 
his researches and experiments. He built 
a quarter-scale model of a full-sized machine, 
which made quite a remarkably good flight. 
And there can now be little doubt that, had 
any daring aviator taken up his invention, 
it would have been a practical success. 
All that was needed at the time for the 
success of the full-sized Langley machine 
was a launching device. The aeroplane 
itself was a complete success, and possessed 
a great inherent stability. Even now, if 
some person were to put the. finishing 
touches to Langley’s inventions and give 
them to the world, it is quite likely that the 
machine would stand comparison with 
anything done since Langley’s experiments 
were interrupted. The most striking 
feature of Langley’s work is its remarkable 
originality. In attacking the problem of 
flight he took nothing on trust, but worked 
out everything by experiment. 

He was defeated by the prohibitive cost 
of his last experiments. He made a full- 
sized man-carrying flying-machine, which 
was wrecked owing to defects in the launch- 
ing apparatus, and to no fault of the aero- 
plane. The expense of his experiments was 
so great that he could not carry them any 
further. Nevertheless, his work has proved 
of fundamental importance in the study of 
aeronautics, and it cleared the way for later 
nicn. Langley died in 1906, three years after 
his indefatigable countrymen the brothers 
Wilbur and Orville Wright made their first 
voyage on a motor-propelled machine and 
started a new mode of locomotion. 
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NICOLAS LEBLANC 

A Creator of Wealth who Died in Poverty 

Nicolas Leblanc, the discoverer of 
the artificial soda that revolutionised and 
cheapened many important industries, was 
born at Ivoy-le-Pre, in France, on December 
6, 1742. He came of poorish middle-class 
parents, who were unable to give him a 
good education in boyhood, but at seventeen 
he was able to go to Paris and study 
surgery, medicine, and chemistry at the 
College of France. He seems to have owed 
his early success in life to the fact that 
Bertliollet was one of his fellow-students. 
For when Bertliollet became doctor to the 
Duke of Orleans, Leblanc was also appointed 
surgeon to the royal prince. 

Like Bertliollet, he was much interested 
in chemistry, and he worked for some time 
on the problems of crystallisation. His 
attention was turned to the manufacture 
of artificial soda by a prize offered by the 
French Academy of Sciences for the best 
method of converting common salt into 
soda. This had become a pressing need 
in many industries, and a vast fortune 
seemed to await the man who could break 
common salt into its elements of sodium 
and chlorine, and employ the sodium in the 
manufacture of alkali. Practically all the 
soda then used in glass-making and other 
manufactures was a costly product, made 
from the ashes of plants. 

Leblanc discovered his process in 178 7, 
and two years afterwards he entered into a 
partnership with the Duke of Orleans for 
the establishment of a soda factory. The 
Duke provided £8000 as the capital of the 
undertaking, on the condition that lie 
received 70 per cent, of the first profits. 
A factory was erected at St. Denis, and it 
at once proved a prosperous concern. 
Unfortunately for Leblanc, the l)ftke of 
Orleans was executed in 1793, and his 
property, including the factory, was con- 
fiscated. The Terrorists not only stopped 
the manufacture of artificial soda, but 
cancelled Leblanc’s patent, and called upon 
him fully to reveal his process, so that the 
new industry could be carried on for the 
benefit of the State. In order to save his 
life, the inventor had to furnish an accurate 
description of all the particulars of his 
processes. But, instead of keeping the 
factory open, the Revolutionary Govern- 
ment closed down the works, and sold the 
building without any indemnity to Leblanc. 

The inventor, who had married and had 
children, was reduced to extreme poverty 
at the moment when his process had become 

-4801 



HARMSWORTH POPULAR SCIENCE 


a source of wealth and factories were being 
erected to work it. For seven years Leblanc 
vainly tried to recover damages for the 
injury done to him by the Terrorists. At 
last, in 1801, his ruined factory was restored 
to him and his partner, Diz6, and a promise 
was made to grant him a sum of money to 
repair the works and enable him to resume 
his business. But all that was given to him 
was a loan of £80 in 1803, and a miserable 
dole of £12, together with a " national 
recompense ” of £24 ! Even the verdict of 
two Government arbitrators, who awarded 
Leblanc over £2000, was set aside, and the 
inventor was informed, in November, 1803, 
that his claim must be considered as settled 
by the return to him of his decayed, worth- 
less factory. Broken in health and spirit, 
Leblanc returned to his sick wife and starv- 
ing children, who were living in the ruined 
works. On January 16, 1806, his mind 
gave way, and he shot himself. 

There can be no doubt whatever that 
Leblanc would have made an immense 
fortune if his factory had not been confis- 
cated and his patent revoked. Many 
millions of pounds have been made by men 
who adopted his process. It consisted of 
treating common salt with oil of vitriol, thus 
producing sulphate of soda. The sulphate 
of soda was burnt, and mixed witli half its 
weight of chalk and a quarter of its weight 
of charcoal — coal being substituted for 
charcoal in England. The mixture was finely 
ground, and placed in a pot and heated 
until it fluxed. The fluxed mass was purified 
by powdering and boiling with water, and 
on boiling down the soda was separated 
from the solution and dried in hot air. By 
later improvements the sulphur was re- 
covered, and the chlorine also was obtained 
in the form of hydrochloric acid for bleach- 
ing purposes. The Leblanc process was an 
important factor in many industries for 
three-quarters of a century, and the money 
made by it was enormous. It has recently 
become antiquated by a new method of 
separating common salt into sodium and 
chlorine by means of an electric current. 

JOHN LOUDON McADAM 
The Reviver of Sound Road-MaKing 

John Loudon McAdam, who, with the 
illustrious Telford, was the greatest road- 
builder since , the time of the Romans in 
Britain, was bom at Ayr on September 21, 
1756, his father, a man of substance, being 
the first banker in that town. As a boy, 
instead of toys, he made model roads i 
Following the death of his father, in 1770, 
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he spent some years in America in the caro 
of an uncle, and returned with sufficient 
money to buy an estate in Ayrshire, where 
he was able to indulge to the full his desire 
for experiments with road-making. There 
was need of such a man, for Telford had not 
yet begun his splendid highways. The roads 
of Great Britain were the worst to be found 
in any important country in Europe. There 
had not been a brain behind the subject 
since the Romans planned their noble high- 
ways. Their work still remained, but. all 
told, there were at this time only four toler- 
able turnpike roads in England, and the 
condition of even these was such that, when 
the Post Office issued instructions that the 
mail must run from London to Holyhead in 
thirty-eight hours, Hasker, the experienced 
and worthy superintendent of mail-coaches, 
protested in writing against the “ extra- 
ordinary expedition projected/' declaring 
that it would be inhuman to horses and 
highly dangerous to life. Yet all that was 
asked was an average speed from a four-in- 
hand of seven miles an hour ! 

But we in this day can scarcely picture 
what the roads before McAdam’s time really 
were like. London roads were so bad that 
in wet weather the best-horsed coaches 
could not do the journey between Kensing- 
ton and St. James’s Palace in less than two 
hours, and often enough coaches became 
bogged on the way. Indeed, on. one occa- 
sion Parliament was without its Speaker, 
the First Commoner being hopelessly mired 
in his attempt to reach the House. McAdam 
altered all that. ' But his task was worse on 
the main roads out in the country. These 
were simply developments of* the old foot- 
paths and cattle-tracks of an earlier day, 
and, to avoid bogs and marsh lands, they 
invariably followed the hills. The highways 
were practically widened bridle-paths, along 
which coaches had precariously to make 
their way. The roads had no proper foun- 
dations, no suitable or sufficient materials 
upon their surface ; and not the least 
attempt was made at drainage ;• hardly any 
had gutter channels. Frequently the sides 
were encumbered by huge embankments of. 
mud which accumulated to a height of six, 
seven, or more feet. The middle of the road 
was generally cut into deep ruts, which in 
wet weather fixed the mail-coaches up to 
their floors in mud. The sort of thing that 
the mail service had to contend with may 
be inferred from extracts from a report 
made to the Post Office as to the Holyhead 
main road in the days which brought 
McAdam into action : 



GROUP 4— TRANSFORMERS OF KNOWLEDGE INTO POWER 


“ To Kenneage, six miles of narrow road, 
scarcely room for two carriages to pass, and 
much out of repair ; in winter the drivers 
say the ruts are up to the beds of the 
coaches. . . . From Kenneage to Capel 
Curig, road narrow, and wants walling to 
prevent carriages falling down precipices 
/,oo or 400 yards perpendicular. . . . From 
Capel Curig to Bangor, side of the road un- 
guarded, and many accidents may happen 
to passengers by the coach running off the 
road as the mail passes here in the dark/' 

While the great Telford was causing “ the 
valleys to be exalted and the hills made low, 
the crooked straight, and the rough places 
plain,” McAdam was carrying on his private 
experiments in road-making, seeking for 
the ideal material. Appointed an agent for 
revictualling the Navy in the West, he took 
up his residence at Falmouth, and there 
extended his experiments ; and when event- 
ually he gave evidence before a Parliamen- 
tary Committee on the subject .he was able 
to make the surprising statement that 
between 1798 and 1814 he had travelled 
:>ver thirty thousand miles of roads in Great 
Britain, and spent two thousand pounds 
in order to pursue his investigations. He 
expounded his plan, which was simple 
enough. It was to make the surface of the 
road of broken granite, no piece to weigh 
more than about six ounces, or be too large 
to pass through a 2j-inch ring. He asked 
for no artificial foundation, such as Telford 
used, but said that, if the bed were just hard 
enough for a man to walk over it, his ten 
inches of granite, being angular, would knit 
and bind together, and form an enduring, 
smooth, and almost watertight surface. 
The assembled roadmakers who were pre- 
sent at the hearing laughed loudly, we are 
told, at the suggestion of this amateur, but 
the members of the Committee were im- 
pressed by the earnestness of the man and 
the elaborate precautions he had taken 
before expressing himself upon the subject. 

An experiment was made, and the 
upshot was that McAdam was appointed 
Surveyor-General, first of the Bristol roads, 
and ultimately of roads for the entire 
country. He gained an immediate and 
immense success. He cut down the absurd 
and dangerous camber of the town roads, 
which, to prevent water from collecting 
in the centre of the highway, presented 
a slope downward from the middle like the 
roof of a house — an inexcusable tendency 
which is being imitated upon many main 
roads today. He made his roads slightly 
but sufficiently convex to maintain dryness, 


he cut away hedges and rank vegetable 
growths to enable the roads to get air and 
to dry by process of evaporation. He made 
his surfaces practically watertight. The 
latter-day macadamised roads, which 
proved a failure under motor traffic, for 
which they were, of course, never designed, 
would not have cut up so badly had his 
scheme been followed of laying on good 
granite of uniform size. No man had ever 
previously wrought a greater revolution than 
McAdam in a nation’s commerce in the 
matter of traction. He gave us roads, 
and there were many men to put speedy 
coaches on them. Trade between town and 
town and county and county immediately 
underwent a great expansion, and it has 
been said that McAdam clearly prepared the 
way for the railways. The steam loco- 
motive, of course, minimised the importance 
of his roads for many years, and as a nation 
we were beginning to lose the art of road- 
making again until the motor-car arrived, 
and" created a new need. Between the 
coming of the train and the motor-car the 
roads had been neglected, just as the canals 
were neglected, and we have suddenly 
needed both again. Scores of engineers 
are now concentrating on the task of pro- 
viding new surfaces for our highways. 
The macadamised road, tarred by various 
processes, is still the great highway north, 
south, east, and west, and, with modifica- 
tions, probably will so continue. 

The term “ macadamise ” is now in 
universal employment. The macadamised 
road is the pathway of all civilised countries ; 
and when the centenary of the inventor's 
first road appointment arrives, in 1915, 
possibly we shall be given some estimate 
of the actual mileage of main -roads in the 
Old World and the New by which his art 
is represented. Probably the future road 
will make the macadamised part the middle 
stratum. With the enormously heavy and 
fast traffic that our streets and roads now 
have to carry, we can no longer trust to 
soft foundations. We shall, it is likely, 
employ the Telford principle, or something 
like it, for the foundation, with macadam as 
the main body-substance, faced by a 
preparation of tar or other binding and 
waterproofing material. McAdam, whose 
interest in his work was above pecuniary 
considerations, declared that he would 
die a poor but honest man, and he did. 
He received £10,000 in all from Parlia- 
ment, and declined a knighthood. He 
died at Moffat, Dumfriesshire, while out on 
a road survey, on November 26, 1836. 
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DR. MONTESSORI (ON 1HE LEFT) VISITING A ROMAN SCHOOL TAUGHT ON HER SYSTEM 
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KARL MARX— THE ECONOMIST OF MODERN 
SOCIALISM 

LORD M ASH AM— PERFECTER OF 
WOOLLEN-TRADE MACHINERY 
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JOHN NAP1ER-INVENTOR OF LOGARITHMS 
FLORENCE NIGHTINGALE— THE PIONEER 
OF SCIENTIFIC NURSING 
ROBERT OWEN— THE FIRST OPPONENT OF 
CHILD LABOUR 

KARL MARX 

The Economist of Modern Socialism 

K arl Marx, the thinker who laid the more 
solid foundations of modern Socialism, 
was, like his co-worker Ferdinand Lassalle, 
of Jewish origin, and, again like Lassalle, 
sprang from a well-to-do stock. His father 
was a lawyer, named, not Marx, but Mor- 
dechai, and the son was expected to join the 
same profession after an education at Bonn 
and Berlin. He had been born at Treves 
on May 5, 1818. His taste did not, however, 
accept the law, and at the age of twenty- 
four he was embarked on the career of 
journalism as editor of the Socialistic 
“ Rhenish Gazette/’ Later he was con- 
nected with “ Vorwiirts,” an organ that has 
played a conspicuous part in Socialistic 
agitation in Germany. By the time that 
he was thirty-one, Marx had made the 
Continent too hot to hold him. . He had 
been expelled from France, Belgium, and 
Germany, and sought a refuge in England, 
the asylum of contentious causes, and he 
lived in London for thirty-four years, till his 
death on March 14, 1883. 

Before coming to England he had organ- 
ised, in Brussels, the Communistic League ; 
and while here he founded the “ Inter- 
national,” or International Working Men's 
Association, an organisation that passed 
through interesting vicissitudes, including 
a period of very considerable influence, but 
lost its importance when it fell into the hands 
of the Anarchist section under Bakunin. 

Karl Marx was unquestionably the man 
of greatest intellectual weight who has 
associated himself with the Socialist propa- 
ganda, and his writing, concentrated in the 
book " Capital,” has had a very far-reaching 
and profound effect on working-class thought 
in this country. ” Capital ” is the Bible of 
Hie intelligent Socialistic working man. He 
knows it thought by thought, to the undoing 
°f opponents who talk at large, without 


BERNARD PALISSY — THE HEROIC POTTER 
JOHN HENRY PESTALOZZl— A KINDLER 
OF ENTHUSIASM FOR EDUCATION 
SIR ISAAC PITMAN— THE POPULARISER 
OF PHONOGRAPHY 

JOHN POUNDS — THE FOUNDER OF 
RAGGED SCHOOLS 

JOSEPH HUBERT PRIESTLEY— A PIONEER 
IN ELECTRIC GARDENING 
ROBERT HEBERT QUICK— THE HISTORIAN 
OF EDUCATION 

that special study of economics which shows 
the limitations of the theories of Marx. 

A most important feature of the writing 
of Marx is that it is much more than political 
and social economy in the eyes of those who 
believe. It is a religion and a prophecy- 
Marx reared his economic edifice on a founda. 
tion of history — the history that regards the 
story of man as a scientific evolution. He 
argued that the story of modern capital, and 
its command over men and the world, 
begins with the sixteenth century, and has 
had clearly traceable evolutionary phases. 
It has grown through conditions that came 
into existence unrealised at first ; it has 
culminated in great wealth for the com- 
paratively unproductive few, and poverty 
and anxious strain for the productive many, 
and it is moving on, inevitably, to a catas- 
trophic overthrow. Evolutionary laws, as 
certain as the rising of tomorrow’s sun, will 
destroy the present economic system, and 
usher in a new kingdom, wherein economic 
processes will be carried on, for the good of 
all, by the State. In those days Govern- 
ments will rto longer be concerned in 
keeping the people who labour in subjection, 
but will control all labour and will ensure 
that it reaps its just reward. Such a gospel 
as this is more than a dry economy. It is 
accepted as an inspiration and a hope. Its 
significance extends far beyond material 
things, for Marx believed that economic 
conditions supply the nurture for all human 
developments ; and the life of man would be 
broadened and ennobled by the success of 
the ideas which he formulated. 

It does not concern us here to examine the 
Marxian conception of capital a concep- 
tion that admittedly is so narrowed as to 
make it little except a cruel oppressor, 
“that comes dripping from head to foot, at 
every pore, with blood and dirt ” — but no 
one who is unacquainted with the book 
can pretend to have a command of the 
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essentials in the most vital economic contro- 
versies of our age. Like all prophets who try 
to foretell human evolution, Marx has been 
proved wrong in some respects by the inex- 
orable logic of events, but far oftener he has 
proved right, and has forecast the problems 
that are arising in our midst, as, for 
example, the enormous power of Trusts, 
which threaten to break mankind if they 
cannot be broken or controlled. 

LORD MASHAM 

Perfecter of Woollen-Trade Machinery 

Samuel Cunliffe Lister, created in 1891 
first Baron Masliam, was born at Calvcrley 
Hall, near Leeds, on January 1, 1815. His 
father, Samuel Cunliffe, who successively 
adopted the names Lister and Kaye, was a 
wealthy manufacturer, and sat as the first 
member of Parliament elected by the 
borough of Bradford. It was at Bradford 
that Masham grew up, and there that his 
memorable experiments were carried out. 
Masham, although only the fourth son, 
was marked out to quit the commercial 
pursuits of the family ; and his grand- 
mother having bequeathed him the living 
of Addingham, it was intended that he 
should enter the Church. But the young 
man’s mind was fired by the story of the 
spread of steam power, and of inventions 
coming into, existence to revolutionise 
industry in all its branches, and, rather 
than devote himself to the cloistered seclu- 
sion of a country parsonage, lie voluntarily 
became a clerk in a Liverpool mercantile 
house. While thus occupied he made 
several voyages to America ; and as to cross 
the Atlantic in those pre-steamship days 
was a prime adventure, the youth attained 
quite a reputation for daring, and was 
known for many years as “ American Sam.” 

His versatility and independence, as well 
as his knowledge of industrial processes in 
the West, gave him some title to the name, 
and his subsequent career still further 
emphasised its aptness. Although, as wc 
have seen, Cartwright had already invented 
a wool-combing machine, the scheme had 
not been brought to success. Indeed, 
Cartwright’s progress in the matter had 
but made men realise how desirable was 
the perfect machine, and many sought it 
with the zeal of the alchemist for the 
philosopher’s stone, and with corresponding 
result — beggary. Lister took up the idea 
when his father started his brother and 
himself in a mill of their own at Bradford. 
The brother did not long remain in the 
business, and Lister had a free hand. 
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Donisthorpe’s machine had gone nearest 
to success, but it lacked that little which 
means the all of success. Here, he saw, was 
the germ of the idea, and he bought, first 
the half patent-right for £2000, and then 
the whole for £10,000, only to make the 
astounding discovery that he possessed 
practically the duplicate of the machine 
invented by Cartwright himself ! 

Donisthorpe worked for some time with 
Lister, but the latter, in conjunction with 
Isaac Holden, invented the “ square 
motion ” machine, a machine which, he 
acknowledged, went but little beyond that 
of Cartwright. That little was important, 
and the machine has not yet been superseded 
for its special purpose, although it dates 
from 1848. Next followed Lister’s process 
for combing and carding fine wool, which 
reduced the cost of manufacture by six- 
sevenths, and created such a demand for 
wool that Australia at once felt the effects. 

Britain could not furnish the necessary 
supplies ; we liad to seek fresh woods 
and fleeces new; and, by developing the 
Australian wool trade, the invention quickly 
became one of Imperial value. The trade 
in the machines manufactured from Lister’s 
patents at once brought him a handsome 
revenue. Admirable as manufacturers 
found them, and economical as they were 
to work, their sale yielded the inventor a 
profit of 600 per cent. The woollen industry 
was at once enormously stimulated; and 
cheap, good clothes were for the first time 
placed within reach of the English people. 

While busy with this matter, Lister 
invented a pneumatic brake for railways, 
but the time was not ripe for the scheme. 
It remained for Westinghouse, twenty years 
after the expiry of the Lister patent, to 
bring out that brake, and at once capture 
the railway world’s imagination. Lister 
derived neither profit nor kudos from his 
brake. His attention was quickly diverted, 
however, to the biggest task of his life. 
While in a London warehouse he was 
shown a heap of ill-smelling, sticky rubbish, 
which, he was told, was the waste from 
cocoons of the silk-moth caterpillar. No 
one had thought of using it ; it was waste 
in every sense of the word. He bought the 
consignment at a halfpenny a pound, and 
began his twenty-five years’ experiments. 
As a bow at a venture, he put some of the 
filthv mass through one of his combine- 
machines, and found to his surprise that it 
could be converted — very imperfectly, of 
course — into the very thing the silk mer- 
chants desired — a continuous sliver of silk. 



GROUP 5-FORERUNNERS OF KNOWLEDGE AND PROGRESS 


The difficulty now was to invent machinery 
to do perfectly the thing which the wool- 
i omber had done crudely as an illustration 
of possibilities. 

Lister was at the time a wealthy man, 
with mills in England, and others in 
France and Germany, and might well have 
afforded to leave silk waste alone. But the 
problem challenged his skilland pert inacity ; 
the more he experimented and failed, the 
more determined he became to master it. 
Machine after machine was made throughout 
the years of trial, and, great as were his 
resources, he was brought by his quest 
within measurable distance of bankruptcy. 



LORD MASHAM 
From the sculpture by Alfred Drury 


When the books came to be checked, and 
all accounts made known, it was found 
that £360, 000 had been spent upon the 
process, and not a penny return was yet in 
sight. Still the indomitable Yorkshireman 
kfpt on, and at last he succeeded. His silk- 
comb was a triumph exceeded only by his 
later product, the self-acting dressing-frame. 

The many experiments that he made in 
elation to this machine were not all 
wasted. Out of them emerged a machine 
for utilising the silk waste as velvet and 
plush. Many attempts had been made 
before, with disastrous results to ex- 


perimenters. Lister did not easily win 
his wav. Before he brought his machine 
to perfection, he found that he had been 
spending on it £4000 a year for seven 
years. But, as he said, he knew that he was 
in for a good investment — at least, £50,000 
a year— rand he risked his money on his 
faith in himself. All came right in the end, 
and he realised a huge fortune for himself, 
while creating — or, rather, restoring — a lost 
industry to England. Velvet-making had 
passed from her hands ; it now came back 
at the instance of this ingenious and 
courageous inventor. 

Both the woollen and silk industries 
began again as the outcome of Lister’s 
work, and no one grudged him the great 
profits he realised. His business, when 
converted into a limited liability, was 
capitalised at all but two millions sterling. 
Up to that time Lord Masham had been 
for many years the head of the largest 
business in the world owned and directed 
by any one man. He remained at the 
head of affairs for over sixty years, a period 
in which the industrial history of England 
was completely rewritten. As has been 
noted, Masham found too late that his wool- 
comber had been anticipated by Cartwright. 
But he venerated the memory of the 
parson- inventor, and nobly perpetuated 
his memory by the erection, at a cost of 
£48,000, of a fine building, the Cartwright 
Hall, at Bradford. Masham was honoured 
in his own lifetime by the erection of a 
statue of himself, subscribed for by repre- 
sentatives of the woollen trade in recognition 
of his genius as an inventor, and of the 
benefits that he had conferred on the 
industry. Such a distinction had never 
before been gained by an inventor within 
his lifetime. ' Lord Masham died at Swinton 
Park on February 2, 1906. 

MARIA MONTESSORI 
Advocate of Self-Education Through the Senses 

•' Dr. Maria Montessori, the founder of the 
latest system for educating the very young, 
was the first wgman to take the degree of 
doctor of medicine at the University of 
Rome. At the time when she took the 
degree she was acting as an assistant doctor 
at the psychiatrical clinic of her university. 
Dr. Montessori’s interest in education began 
with the treatment of the feeble-minded, a 
problem to which she devoted years of 
special study. Her attention was arrested 
by S6guin’s book 41 Idiotcy and its Treat- 
ment by the Physiological Method," and 
after translating the work into Italian she 
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went to Paris and investigated the method 
in use there at the Bicctre. Returning to 
Italy, she lectured in Turin and Rome on the 
education of defectives, and in 1898 was 
appointed the direct rice of a school estab- 
lished to carry out her ideas — the Scuola 
Ortofrenica, or mind-straightening school. 
The results of her system were most re- 
markable. The progress of the children, all 
very dull and backward, was such that it 
admittedly made in some respects a favour- 
able comparison with the progress of even 
bright scholars in the ordinary schools. 

Dr. Montessori was herself so impressed 
that she resolved to concentrate herself 
afresh on the development of her system, 
and to that end she returned to the Univer- 
sity of Rome for seven years as a student 
of psychology in special relation to educa- 
tional methods. At the close of this period 
she was prepared to apply her own system 
to the average child. In furtherance of this 
plan, in 1907 and 1908 four infant-schools 
were established in Rome for the education 
of the children living in certain blocks of 
tenement houses that had been erected as 
part of an approved building scheme. The 
age of the children admitted to these " Case 
dei Bambini,'’ or “ Children's Houses," was 
from three to seven, and the education free. 

Here the system achieved such a success as 
an experiment among the children of the 
poor that it was adopted for middle-class 
districts, and it has spread to various 
European countries, and has been welcomed 
specially, as all educational experiments 
are, in the United States. In Southern 
Switzerland it has become so popular that 
more than seventy schools have been 
established in the Canton Ticino alone. A 
special report on the system as it is at work 
in Rome has been presented to the English 
Board of Education by Mr. E. G. A. Holmes, 
the retired chief-inspector of English 
schools ; and wherever teachers congregate 
the method described in Dr. Montessori’s 
book, " II Metodo della Pedagogia Scien- 
tifica," translated into English by Annie 
E. George, under the title “ The Montessori 
Method,” is keenly discussed and criticised. 

The principle underlying the Montessori 
method is that of self-education. The child 
is all the while finding out things for itself. 
This it does in play, but play that is skilfully 
directed, the objects with which the play is 
carried on being made and chosen for 
educative purposes which the child does not 
realise. There are 110 classes, no set lessons, 
but each child pleases itself. While doing so, 
however, it is unconsciously, and without 
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strain or effort, learning ; and at last — and, 
indeed, in a very short time — its play has 
resulted in it being able to write, to read, 
and to understand simple arithmetic. Its 
reward is in a sense of discovery and 
mastery, through its own investigations, 
the teacher giving each child, individually, 
hints that help. 

The method is by a gradual training of 
the senses. First, the sense of touch is 
developed. This sense in the child is keen 
and easily improved. Roughness and 
smoothness are first taught by passing tin 
fingers lightly over rough and smooth objects 
carefully chosen. The child is led to dis- 
tinguish, when blindfolded, textures, and 
differences in weight and size — a game that 
excites general interest. The names of the 
things are pronounced as they are learned 
by touch. Next form is taught, touch and 
sight co-operating. In this way the shapes 
of the letters are learned. Colours arc next 
distinguished and graded. Hearing is also 
carefully trained. The deft use of the fingers 
follows, as in tying and untying bows, 
fastening and unfastening buttons. 

Colouring geometrical forms follows, and 
the pencilling of outlines — the prepared 
apparatus making success easy. In this way 
writing comes with remarkable quickness. 
In six weeks a child of four can be taught 
to write, and an ordinary child of five in a 
month. In three months the child will write 
a good hand. The sounds of the letters and 
their combinations are learned, and reading 
follows naturally- -in the case of phonetic 
Italian in a few weeks sometimes, in a few 
months almost invariably, while the child 
has only been playing an interesting game. 

By similar apparatus the simple numbers 
and proportions in arithmetic are learned. 
Lessons are brief, and each child can change 
what it is doing whenever it wishes to 
change. Liberty is the basis of discipline — 
self-discipline — in the “ Children’s Houses." 
There is no enforced discipline. Sponta- 
neous activity in the child is respected, used, 
and never suppressed, unless it involves 
interference with the liberty of others doing 
what they please. Dr. Montessori regards 
self-activity as the basis of discipline. The 
child not only acquires new capacities bv 
doing, but also attains the necessary self- 
control and discipline. 

That the method is successful in the case of 
defectives, apd with very young children 
whose mental powers are undeveloped, has 
been abundantly proved where the super- 
vision has been skilful and the use of the 
graduated apparatus fully understood, but 
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Itss success seems to have been secured 
when the children come from middle-class 
homes, are more self-conscious and less 
rasily amused ; and further, it is not at all 
rlear how far the method is applicable to 
iliildren beyond their earlier years who 
need a wider education. The system is 
founded on Scguin's experiments. To a 
considerable extent it follows the plans 
elaborated by Froebel and his successors. 
It must not be forgotten that individual 
icquisition has been allowed free play in 
many of the best modern schools before 
Madame Montessori. Still, she has done 
education excellent service by the freshness 
die has imparted to child-study, and she 
takes an honourable place in the true 
succession of educational pioneers. 

JOHN NAPIER 

Who Shortened Arithmetic by Inventing 
Logarithms 

John Napier of Mcrchiston, the inventor 
if* logarithms, was born at Merchiston 
Tastle, near Edinburgh, in 1550, before his 
father had completed his sixteenth year. 
His father, Sir Archibald Napier, was born 
in 1534, was married in 1549, an d became 
the father of the future mathematician in 
the following year. Napier matriculated at 
St. Andrews at thirteen, an evidence of 
intellectual precocity excelled in our own 
age by Lord Kelvin. He afterwards 
travelled in Europe, and then for a number 
:>f years was engaged with the political 
md religious strife wherein his country in 
general and members of his own family in 
particular were involved. But his personal 
inclinations were all in the direction of 
mathematical and astronomical study ; and 
so anxious was he to secure peace that he 
would occasionally desire the owner of a 
neighbouring mill to stop the clacking of his 
machinery while he worked out some chain 
of calculations. Astronomy had been re- 
born, thanks to the labours of Copernicus 
and Brahe, and was now constantly receiv- 
ing new light from the discoveries of Kepler 
and Galileo. But the labour of astronomers 
was almost intolerably laborious, owing to 
the difficulty with which their calculations 
were conducted. 

Napier, who felt the need for a simpler 
method, devoted himself for years to the 
production of a shorter and easier method. 
The outcome was his publication, in 1614, 
°f his table of logarithms, a word of Greek 
etymology signifying the ratios of numbers. 
The invention of this system was an in- 
estimable boon to mathematicians and 
^tronomers, and to all who have to make 


calculations for navigation, land surveying, 
and indeed every pursuit, scientific and in- 
dustrial, involving a considerable use of 
arithmetic. It was received with en- 
thusiasm throughout Europe, and three 
ears later Kepler testified his appreciation 
y dedicating his “ Ephemeridcs ” to Napier. 

One of the first to welcome and expound 
the new discovery in England was Henry 
Briggs, the learned professor of geometry 
in Gresham College. He discovered a wav 
of further simplifying the table, and posted 
to Edinburgh to lay it before Napier. In 
his writings Briggs is careful to show that 
Napier had already anticipated him, but 
had not had the time or strength after his 
long labours to work out the necessary 
calculations. Briggs undertook the task 
himself, and his name will ever be honour- 
ably associated with the discovery. 

Napier was himself by way of being an 
astrologer, and committed himself to a 
treatise predicting the end of the world to- 
wards the close of the seventeenth century. 
We may take, then, from another astrologer, 
Lilly, a human note which tells us of the 
meeting between Napier and Briggs. It is 
interesting as showing how the few scholars 
of the age regarded each other in that day 
of the unlearned many. Napier had been 
advised of Briggs’s impending arrival, and 
waited long for him at his house. “ ‘ Ah, 
John,’ said Marchiston (Napier), ‘ Mr. 
Briggs will not now come.* At the very 
instant one knocks at the gate ; John Marr 
hastened down, and it proved Mr. Briggs, to 
his great contentment. He brings Mr. 
Briggs up into my lord’s chamber, where 
almost one quarter of an hour was spent, 
each beholding other, almost with admira- 
tion, before one word was spoken. At last 
Mr. Briggs began. ‘ My lord, T have under- 
taken this long journey purp< sel/ to see your 
person, and to know by what engine of wit 
or ingenuity you came first to think of this 
most excellent help into astronomy, namely, 
logarithms ; but, my lord, being by you 
found out, I wonder nobody else found it out 
before you, when now known it is so easy.’ ” 

The famous calculating apparatus called 
Napier’s Bones was announced three years 
after the logarithms. Much of Napier’s 
mathematical writings remained un- 
published until long after his death. By 
the generality of men of his generation he 
was not understood, being regarded as a 
wizard, whose familiar was supposed to be 
a certain black cat. He was worse than a 
wizard to the Roman Catholics of his day, 
against whom his “ Plaine Discouery of the 
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Whole Reuelation of Saint John” was 
directed. It was addressed to James VI., 
and told him right 'plainly that he should 
begin reform " at his own house, family, 
and Court// a step the necessity for which 
he drove home with considerable intrepidity. 
But Napier not only wrote against Catholics 
— he prepared to arm his country against 
them. His inventions for this purpose are 
mentioned in a paper written to Anthony 
Bacon, brother of Francis Bacon, entitled 
“ Secret Inventions, Profitable and 
Necessary in These Days for the Defence 
of this Island and Withstanding of Strangers 
—Enemies to God’s Religion and Truth.” 
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Of these the first is stated to be “ A burning 
mirror for burning ships by the sun’s 
beams,” of which the author says he is 
able to give proof and perfect demonstration. 
The second is “A mirror for producing the 
same effect by the beams of a material 
fire.” The third is ” A piece of artillery 
contrived so as to send forth its shot in all 
directions, in such a manner as to destroy 
everything in its neighbourhood, or cut 
down the masts and tackle of an entire 
fleet at once.” The fourth is a “ round 
chariot in metal,” constructed so as both to 
secure the complete safety of those within 
it, and, moving about in all directions, to 
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break the enemy’s array ‘‘by continuou 
charges and shot of the arquebuse througl 
small hole*;.” The list of inventions con 
eludes with “ devices for sailing undo 
water, and other devices and stratagem 
for harassing of the enemies, which by tin 
grace of God and work of expert craftsmer 
I hope to perform.” 

Napier’s inventions were aimed mon 
particularly at the Spaniard, but wort 
was passed about that by means of lib 
perambulating machine-gun lie could sla\ 
thirty thousand Turks at a single blow 
A cynic of our own time lias said that if by 
pressing a button in London we could kil 
a mandarin in Pekin, everybody would bi 
pressing electric buttons for the inert 
excitement of the thing: and in Napier ^ 
day every man who heard of it wantn 
to have his own private battue of Turks 
Sir Thomas Urquhart declared that Napier 
provoked by a wager, gave a demonstratim 
with his machine upon a large, plain ii 
Scotland, ” to the destruction of a great 
many head of cattle and flocks of sheep, 
whereof some were distant from othei 
half a mile on all sides, and some a wholi 
mile.” Urquhart ’s pamphlet has often been 
quoted, but we may still entertain a doubt 
as to the evidence concerning the sensational 
scene- said to have been witnessed upon that 
unnamed plain. 

Urquhart tells that upon his deathbed 
Napier was besought by an old friend tc 
make known the secret of his lethal 
invention. Napier replied : “ That for the 
ruin and overthrow of man there were to< 
many devices already framed, which, if he 
could make fewer, lie would with all lib 
might endeavour to do, and that, therefore, 
seeing the malice and rancour rooted in the 
heart of mankind, will not suffer them tc 
diminish the number of them, by any 
conceit of his they should never be 
increased.” Napier, who was among the 
first of scientific agriculturists, and a pioneer 
of artificial fertilisers of the soil, died at 
Merchiston on April 4, 1617. His eldest 
soi) was raised to the Peerage as Lord 
Napier. The philosopher is also spoken ot 
as Lord Napier, but he was only a Scottish 
laird, or, as would be said in England 
lord of the manor. 

FLORENCE NIGHTINGALE 
The Pioneer of Scientific Nursing 

Florence Nightirfgale, heroine of lj 1( ‘ 
Crimean War, and pre-eminently distin- 
guished as the reformer of hospital admin* 8 * 
tration and the initiator of the scientific 
nursing movement, was born at Florence, 
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lay 15, 1820. She was named after her 
>irthplace, but her early years were mostly 
pent at Lea Hurst, in Derbyshire. While 
luite a child she gave evidence of her love 
or nursing — bandaging her dolls, caring for 
lumb animals, and ministering to the sick 
nd sorrowful. Her girlish aspirations 
arried her onward into the service of 
mmanitv. With brilliant attainments, and 
dmirably qualified to shine in society, she 
hose to devote herself to the alleviation of 
uffering. Keeping this end in view, she 
hsited and examined the civil and military 
lospitals at home and abroad. In 1851 
Iiss Nightingale went through a strict 
ourse of training as a nurse in the institute 
if Protestant deaconesses at Kaiserswerth, 
>h the Rhine. Afterwards she completed 
ut studies by a careful observation of the 


were carried by sailors in hammocks or in 
ambulances borrowed from the French, 
and, to make matters still worse, the huge 
„ barrack hospital at Scutari was in a deplor- 
able condition. In this crisis Miss Nightin- 
gale nobly offered her services to the 
Government, and her letter happened to 
cross that in which Lord Herbert, the 
Secretary fojr War, had invited her to 
proceed to the Crimea. On October 24 
(the day before the battle of Balaclava) she 
departed with more than thirty nurses, and 
reached Scutari on the eve of lnkerman. 

She found the wards overcrowded with 
patients, while hundreds of wounded were 
on their way. Miss Nightingale's work 
during that terrible winter made an in- 
effaceable impression on the imagination 
of the English race. Her self-devotion was 
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methods ’of nursing and management 
pursued in the hospitals of Paris. At this 
Period nursing was practised in a very 
haphazard fashion. Mrs. Fry had, however, 
established the institution of Nursing 
Sisters in London (1840), and when Miss 
Nightingale returned to England she under- 
took the thorough reorganisation of the 
Sanatorium for Governesses in Harley Street. 
. In 1854 arose the great national emergency 
m which her practical skill was put to a 
supreme test. War was declared with 
Russia in the spring, but, owing to the 
%rantly defective organisation of the 
British Army in the commissariat depart- 
merit, English soldiers underwent inde- 
scribable hardships. There were no 
ambulance- waggons, the sick and wounded 


extraordinary ; she would stand for twenty 
hours at a stretch to ensure that the 
wounded were .properly cared for; and 
when at night, with lamp in hand, she made 
her round, the grateful soldiers would kiss 
her shadow as she passed their beds. 

Very soon 10,000 sick men in the hospitals 
on the Bosphorus were under Miss Night- 
ingale's gentle and capable control ; and 
the effect of her scientific administration 
' was quickly seen in the fall of the death- 
rate. This had stood at the appalling 
figure of 42 per cent, in February, 1855. 
but about the middle of the year it had 
diminished to 2 per cent. Part of her time 
was occupied in personally organising the 
nursing arrangements at the Crimean camp, 
and while so engaged she herself was 
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prostrated with fever. Still undaunted, 
she refused to quit her post, and after her 
recovery remained at Scutari until Turkey 
was evaluated by the British, in July, 1856. 
Her splendid sctf-sacrifice had won her the 
reverence and affection of the army, and 
the admiration and gratitude of the nation. 

On landing in England she quietly 
avoided the honour of a great popular 
reception awaiting her in London, and 
escaped to her country home, broken in 
health, but, happily for the cause of sanitary 
reform, with a long life of service before her. 

The sum of £50,000 was raised as a 
national gift, and with this Miss Nightingale 
founded the Nightingale Home for training 
a superior class of nurses at St. Thomas’s 
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and King’s College Hospitals. In 1857 
supplied 14 the Commissioners appointed to 
inquire into the regulations affecting the 
sanitary condition of the British Army” 
with extremely valuable evidence gathered 
from her Crimean experience, and empha- 
sised the lessons deduciblc from the colossal 
experiment in-sanitation which the war had 
necessitated. 

In 1858 she published her 4 4 Notes on 
Nursing,” and in 1859 the 11 Notes on 
Hospitals.” Both books are clearly and 
suggestively written, and. containing a 
wealth of practical details, they have proved 
of immense value to women students, as 
well as to men professionally concerned 
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with the planning and construction 0 
hospitals. She also wrote “ Notes 01 
Lying-In Institutions,” and in 1873 “ Lift 
or Death in India.” 

The benevolent mission which ML- 
Nightingale so courageously fulfilled in 
Scutari was the beginning of a new era in 
hospital administration. Her contribution 
to human welfare was not limited to 
mitigating the evils of war bv the impetus 
she gave to army reforms bearing on tlu j 
treatment of the sick and wounded. Her 
own unselfish example stimulated ladies 
of her class to study the science of nursing, 
and to apply it to the needs of civil life. 
It was high time that the type of nurse 
which existed fifty years ago should dis- 
appear. The whole character of nursing 
was revolutionised. A nurse, according to 
Miss Nightingale, should receive careful 
training, should be intelligent, skilful, and 
trustworthy, and have a good grip of the 
principles of hygiene. The most striking 
outcome of her work was the institution of 
the Red Cross Society. But not less im- 
pressive is the fact that every parish, 
district, and workhouse lias now its nurse, 
or staff of nurses, acting under the instruc- 
tion of the local physician, or even com- 
petent to act alone in cases of minor im- 
portance. This is very largely traceable 
to Miss Nightingale’s earnest efforts. 

The freedom of the City of London was 
given to her in 1908. She had already 
received the rare honour of the Order ol 
Merit in 1907. She died on August ij, 
1 010, at the age of ninety. The story ol 
the world from first to last does not tell 
of a more womanly woman. 

ROBERT OWEN 

The First Opponent of Child Labour 

Robert Owen, social reformer, was burr 
at Newtown, Montgomeryshire, on Mav 14 
1771, the son of a saddler. A bright, in- 
telligent boy, lie quickly learned all that 
his master had to teach him, and upon lib 
own showing was usher of liis school at 
seven. Before he had completed his tenth 
year his omnivorous reading had convinced 
him that there was something funda- 
mentally wrong in all religions. He left 
school in 1780, and after an interesting ami 
highly creditable youth, of varying vm b- 
situdes, became manager to a Mr. Drink- 
water, cotton manufacturer, of Manchester. 
Owen quickly mastered the details of the 
business, increased its scope, and exercised 
a powerful influence over the workmen- 
He was only twenty years of age at tin* 
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ime. yet lie had already come to the con- 
lusion that human character results from 
ntecedents and surroundings, and argued 
hat. given fair conditions and means of 
ducation. men would naturally become 
uoral and useful citizens. Charity was 
he keynote of his relations with his work- 
men, and certainly he got wonderful results 
lom his policy. 

Owen was an admirable business man 
> well as a philanthropist ; and when a 
hange was made in the I)r ink water busi- 
less, in which he had already been given 
proprietary interest, he established, witli 
ther partners, a business of his own. 
unong the important things achieved at 


neat, well-built houses, forming broad, 
regular, and cleanly streets. “ Five hundred 
children arc entirely fed, clothed, and in- 
structed at the expense of the venerable 
philanthropist,” wrote a visitor at the 
time. “ The rest of the children live with 
their parents, in comfortable and neat 
habitations in the town, and receive weekly 
wages for the labour. ... It is a truth 
that out of nearly three thousand children 
working in these mills, during a period 
of twelve years, from 1785 to 1797, 
only fourteen have died, and not one 
hath suffered criminal punishment. The 
lesser children, that are not old enough 
to work, are instructed in the daytime ; 




lbout this period of his life were the intro- 
luction into England of American cotton, 
md the removal of the tax upon this 
ndispcnsable raw material. During his 
ravels Owen had met Miss Anne Caroline 
Dale, daughter of that David Dale who 
vas the veritable Scotch “ razor ” fashioned 
n r Arkwright to shave the truculent 
•otton manufacturers of Manchester. Dale 
»ad by this time waxed prosperous, and had 
nstituted at his New Lanark mills perhaps 
:he first attempt at an industrial model 
tillage in Great Britain. Dale was a town- 
planner before Owen. 

Two years before Owen became his son- 
n-law. Dale had his “ little kingdom u of 


the elder children learn in the even- 
ing, when the daily labour is concluded. 
Proper masters and mistresses are em- 
ployed to teach the boys and girls. The 
boys learn to read and write and cast 
accounts ; the girls, in addition to these, 
are taught to work at the needle.” There- 
fore, without in any way detracting from 
the work achieved by Owen, we see here 
where, possibly, the germ of his ideas 
as to the education for the young was 
gained, and it should make us examine 
with care the statement that schools for 
infants originated with him. The objec- 
tionable features of Dale’s “ little kingdom ” 
have yet to be considered by us. 
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Owen was afraid to ask DaV\ whom he 
had never seen, for the hand of his daughter, 
so he adopted a curious method. . Instead 
of the daughter, he asked the old man for 
his business ! He proposed to buy him out 
for /Tjo.ooo, payable in twelve annual 
instalments. He married the daughter, and, 
in a way, the business, and began his work 
of reform. The “ five hundred children ” 
mentioned in the statement quoted were 
pauper children, taken from the workhouses; 
and other public institutions, and, despite 
the care of their master, they were greatly 
overworked, and could not have been fit 
to receive instruction at night. Moreover, 
the adult workers, according to Owen, were 
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drunken and riotous. It was not difficult 
to introduce improvements on what was, 
considering the state of public opinion at 
the time, a really considerable advance upon 
the conditions existing elsewhere in the bad 
old days. Owen stopped the import of 
paupers ; he improved the circumstances 
of the adults, both in regard to their life in 
the mill and in the home; started a co- 
operative store at which they could buy 
good food and other articles cheaply ; 
inculcated sobriety and honesty, and, when 
cotton supplies temporarily ceased, paid the 
wages of all his hands for seven months, at 
a cost of as many thousand pounds. His 
revolutionary schemes brought more than 
4 8i, 


one change of partnership, but finally he gi,| 
a free hand for a time, and in that periul 
instituted admirable schools, which took 
hTants as soon as they could walk, and kept 
them there up to the age of twelve, when, 
and not before, they were permitted n 
enter the mill. His scheme of education 
for children should be studied toda\. 
There is no plan of 1913 more modern. 
Advocates of education by persuasion and 
pleasant, easy methods have within tin- 
present year been called upon to defend 
their plan against critics of their new and 
revolutionary schemes. It was all in tin- 
Owen curriculum of a century ago. Hb 
schoolmaster for infants could scarcely read 
or write, but he had infinite patience and 
fondness for children ; and when Brougham 
and other noblemen started in London a 
copy of the New Lanark infants’ school, 
they borrowed Owen’s unlettered pedagogue 
tor their school at Westminster ! 

Owen in 1812 published his notable 
“ New View of Human Society,” expound- 
ing his theories of character and education : 
and his mills, with their school and settle- 
ment, became a place of pilgrimage tm 
social reformers. Princes and peers, exalted 
ecclesiastics, reformers of half a*'" dozen 
nations, and streams of lesser philanthro- 
pists made the journey to his place, and lie 
was quite one of the most considerable men 
in Europe, welcomed and honoured in even 
country to which he travelled. The out- 
standing feature of this part of his life. \va^ 
Owen’s attack upon the factory system in 
regard to child labour. Factories were un- 
known until Arkwright’s day ; the system 
had become widespread by the time Owen 
reached Scotland. The youngest childn n 
were hustled into steaming, unhealthy, ill- 
ventilated mills, and kept there as long 
their masters chose to detain them. A m w 
horror had come into the child-life of Britain. 

Owen urged upon Peel that no child 
should be admitted into a factory until ten 
years of age ; that no child under the age 
of eighteen should be permitted to work 
more than ten and a half hours a day, ami 
that instruction for children engaged in 
mills should be compulsory. The demand- 
seem small as one reads, but, even so, the) 
were whittled away by Peel under pressure 
from the manufacturers, until only the bald 
and unconvincing Factory Act of i £ ;i 9 
resulted! Stilly that was an achievement. 
It recognised as a principle for the first time 
that the State really owed a duty as guardian 
‘of the least mighty of its subjects ; it for t hr 
first time denied to grinding manufacture- 
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,111(1 greedy parents the right slowly to work 
a babe to death. 

Thereafter Owen, while he effected a fine 
work in the promotion of co-operation, was 
engaged in fruitless and visionary efforts to 
f( »und ideal communistic colonies. He sought 
in effect, with promiscuously gathered 
assemblages of all sorts and conditions of 
men, the purpose which he had previously 
taught could only be gained by the training 
ot the masses from childhood to morality, 
sobriety, and all the duties of citizenship. 
He tried his scheme in the United States, in 
Mexico, in England, in Ireland, and it was 
in the end defeated, as from the very nature 
ot the case was bound to happen. His 
uncompromising hostility to all orthodox 
religion did not help to make his path more 
smooth, but, strange to say, lie ended by 
turning spiritualist. He died at his birth- 
place, Newtown, on November 17, 1858. 

BERNARD PALISSY 
The Heroic Potter 

1 Bernard Palissy, the prince of potters, 
\v;is horn at either Saint es or Agon, in or 
about the year 1510, and was apprenticed 
tn a glass-painter. Afterwards he became, 
as was the custom for men of his type, 
;i wandering craftsman. His travels led him 
through t lie Netherlands and pari of 
Germany, as well as over the greater part 
«>i France, and during this time he acquired 
a knowledge of land-surveying, which was 
in prove serviceable to him in later years. 
\ faithful student of Nature, he observed 
1 iid and beast and flower, with results which 
will presently he shown. He settled down 
at Saintes, and there married, when some 
u.cnty-eight years of age. He earned a 
livelihood by painting on glass, by land- 
s iir\ eying, and portrait- painting. Then 
hu’ie came into his life an all-absorbing 
pa^ion, kindled by the sight of an enamelled 
'■up of exquisite workmanship, cm! ellished 
hy the loveliest of translucent enamels. The 
s| "i'v of the disappearance from Fiuopean 
a it of enamel- work is detailed in the life 
ot Rbttger. Now, to what school, of art 
pottery this special piece belonged, whether 
y that of Luca della Robba or to the 
' hiuese school, cannot be determined, but 
expert opinion inclines to the Chinese. 

Palissy, who knew nothing of the craft 
i av, ‘ such rough and ready experience as he 
* ,ai ! gained of peasant pottery, determined 
!° make an enamel of his own. He tried 
^numerable experiments, as he was bound 
h) ( k», for he had no books upon the subject ; 
a, »t .ing was known, and he was unable to 


leave his family and travel in quest of such 
knowledge as might he expected to exist. 
He could only conduct his own unassisted 
experiments, trying combination after com- 
bination of materials and chemicals, break- 
ing up pottery and mixing the fragments 
with his compounds, and burning them in 
the furnace lie had made. Failure succeeded 
to failure, yet each fired him with firmer 
determination to succeed. Pots and fuel, 
iuel and pots- these were his constant 
demand, and his purchases and the time 
given to the work brought him to. abject 
poverty. With a little family growing up 
about her, his wife not unnaturally resented 
what seemed to her a visionary quest, the 
certain issue of which appeared starvation 
for herself and her children. But Palissy 
kept on, and at the end of two years of 
frenzied labour produced, from a kiln of 
300 pots, one which bore a white glaze, 
which he described as singularly beautiful. 

He had, in the meantime, been com- 
pelled to carry his wares to a tile-furnace 
four miles away. Now that hi* seemed on 
the track, he set out to build himself a new 
furnace at his own home of the type in which 
lie had gained his one success. He built 
his furnace single-handed, carrying the 
bricks upon his hack from the brickfield, 
and laying them withouf assistance. He 
procured a large supply of fuel, started his 
fire, and waited for his enamel to melt and 
diffuse itself over his pots. It refused to 
yield. All through the night he stoked his 
furnace, and all next day, never leaving his 
fire for more than a moment or two ; all the 
next night, and so on for six days and nights 

all for nothing. 'Then he tried a new flux, 
and he staked his all upon the trial, lie 
reached the end of his fuel, and burnt the. 
garden palisadings. Still the enamel had 
not yielded ; lie burnt the household 
furniture, and after that the very shelves. 
And while his wife and family ran wailing 
through the town, crying that poor Palissy 
had gone mad, and was breaking up the 
home for firewood, the enamel melted, and 
the common brown household pots, that 
went in unlovely, were taken out of the 
furnace coated with a beautiful enamel. 

Feeling that success was assured, he 
engaged a potter to work for him, but was 
so poor that he could only give the man his 
clothes in Jieu of payment, while he begged 
food and lodging for himself of a friendly 
innkeeper. When at last the first trial came, 
flints which he had employed when build- 
ing his furnace cracked and burst, and, 
though the enamel proved right, it was 
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covered with debris from the flints. Six 
months 1 hard work had gone to this failure, 
but Palissy would not sell his wares ; he 
smashed them because they were imperfect ; 
and amid the mockeries of his fellow-towns- 
men and the unending reproaches of his 
family he continued at his work. 

His courage and hope were incomparable. 
" Sometimes/' his autobiography tells us, 
” when visitors called, I entertained them 
with pleasantry, while I was really sad at 
heart. . . . Worst of all the sufferings 

I had to endure were the mockeries and 
persecutions of my own household, who 
were so unreasonable as to expect me to 
execute work without the means of doing so. 
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For years my furnaces were without any 
covering or protection, and while attending 
them I have been foi nights at the mercy 
of the wind and rain. : . . Sometimes the 
tempest would beat so furiously against the 
furnaces that I was compelled to leave them, 
and seek shelter within doors. Drenched 
by rain, and in no better plight than if I 
had been dragged through mire, I have 
gone to lie down at midnight or at day- 
break, stumbling into the house without a 
light, and reeling from one side to another 
as if I had been drunken, but really weary 
with watching, and filled with sorrow at 
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the loss of my labour after such long toiling. 
But, alas ! my home proved no refuge ; for, 
drenched and besmeared as I was, I found 
in my chamber a second persecution wors, 
than the first, which makes me even now 
marvel that I was not utterly consumed by 
my many sorrows.” 

For sixteen years these unparalleled effort > 
lasted, and at last success was achieved. 
But Fate was not tired of buffeting tin 
valiant man. Just as success and fortum 
came to him, religious persecution claimed 
him among its victims, lie was an out- 
spoken Protestant, and as such he was in 
1562 thrown into prison at Bordeaux, and 
condemned to be burnt at the stake. He 
was saved by the Constable of Mont- ■ 
morency, who desired that the enamelled 
tiling of his new palace should be completed. 
By the Constable's influence Palissy was 
appointed Inventor of Rustic Pottery to 
the King and Constable, and he moved to 
Paris, where he established. himself on tin 
site of what afterwards became the Tuil 
cries, so-called from its being the place ol 
the tile-burners. 

Palissy’s troubles now seemed at an end. 1 
Assisted by his sons, he carried on hi* 
pottery-work under the best auspices, am 
had leisure for other pursuits. He wrote 01 
pottery, on natural history, on the cause 0 
earthquakes, on fortification, on water 
supply. His close observation of Nnfun 
enabled him. faithfully and beautifully u 
reproduce not only existing forms hui 
extinct forms of life. “ It was reserved for ; 
potter without either Latin or Greek,” wrnti 
j Fontcnelle, “ to have the hardihood, in tin 
latter part of the sixteenth century, t« 
declare in Paris, and in the face of all tin 
doctors, that the fossil shells were real shells 
deposited by the sea, once upon a time, ii 
the places where they were found, and that 
animals had given to the figured stones ill 
their different figures, and boldly to defy tin 
school of Aristotle to attack his proofs.' 

We all know today that Paris and the 
♦Sphinx and the Great Pyramid are built ol 
exactly the same material. Paris is founded 
on extinct nummulites, and the two land- 
marks of Egypt are composed of rock con- 
sisting entirely of fossil shells of the same 
form of life. But to declare such a thing in 
Palissy’s day was the blackest heresy. 

Not for this statement alone, but for Ins 
whole conduct as a fearless Protestant, h<~ 
was cast into the Bastille, and threatened 
with death unless he recanted. Henry IK- 
visited him in his cell to say, “ We have put 
up with your adhering to your religion 
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amidst fires and massacres ; now I am so 
pressed by the Guise party, as well as by my 
own people, that I am constrained to leave 
you in the hands of your enemies, and to* 
morrow you will be burnt unless you are 
converted.” But the steadfast old hero 
replied, “ Sire, I am ready to give my life 
for the glory of God. You have said many 
times that you have pity on me ; now I 
have pity on you, who have pronounced 
the words 1 1 am constrained ! * It is not 
spoken like a king, sire ; it is what you, 
and those who constrain you, the Guisards 
and all your people, can never effect upon me, 
for I know how to die ! ” Palissy was spared 
the stake, but he died in his dungeon in 1589, 
one of the finest types of noble, intellectual 
manhood of his own or any other era. 

JOHN HENRY PESTALOZZI 
A Kindler of Enthusiasm for Education 

John Henry Pestalozzi, one of the most 
distinguished of educational reformers, 
was born at Zurich, Switzerland, January 
12, 1745. His father, an able physician, 
died when the boy was five years old. 
Brought up by an unselfish mother, he 
grew good-natured, dreamy, and sym- 
pathetic, but reserved, and incapable of 
guarding his own interests. At school his 
guilelessness exposed him to the banter of 
Ins companions, who nicknamed him 
‘ Harry Oddity of Follyville ” as a mark 
of their boyish esteem and goodwill. He 
was not precocious, nor was he dull ; 
but he was never at any time proficient in 
reading, writing, or keeping accounts. 
From the elementary school he proceeded 
to the University of Zurich, where he made 
some progress in theology. As a student 
he was one of a little band of reformers 
smitten with a passion for the ideas of 
Rousseau, and it was in a college magazine 
that Pestalozzi first disclosed his views on 
education. “ I would,” he says, '* that 
someone would draw up in a simple 
manner a few principles of education 
intelligible to everybody.” And he would 
have such a pamphlet distributed “ to 
fathers and mothers, so that they might 
bring up their children in a rational and 
Christian manner.” 

Pestalozzi was already deeply interested 
in the problems created by the inequalities 
of society ; the privileges of the rich jarred 
harshly on his sensitive spirit as he con- 
templated the distress, ignorance, and 
universal want of his countrymen. Of 
himself and a knot of fellow-students he 
says, “ We decided to live for nothing but 
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independence, well-doing, and sacrifice for 
love of country ; ” and he avows his chief 
purpose in life was to secure a happier fate 
for the poor of his native land, by improving 
and simplifying their educational privileges. 
His intention of becoming a minister was 
disturbed by the- failure of his first sermon ; 
so, with tire same resolution to turn his 
education to the advantage of others worse 
situated than himself, he began the study 
of law. However, it ended in the burning 
of his legal manuscripts, and liis decision to 
become a farmer. 

With philanthropy as his guiding motive, 
Pestalozzi then borrowed money, bought 
a farm of a hundred acres, and made his 
object the cultivation of madder, and' the 
instruction of the peasantry in better and 
more profitable methods. In the midst 
of this new venture he married (176c)) Anna 
Schulthess, a young lady of considerable 
means, and seven years his senior. One of 
his love-letters is a model of candour and 
self- revel at i >n. He confesses fiis utter in- 
difference to polite conventionalisms ; his 
improvidence, his inability to grapple with 
emergencies, and his patriotism, which, if 
called upon, would urge him to risk all to 
alleviate the misery of his fellow-creatures. 
But Friiulein Schulthess was undaunted, 
and shared his struggles for over fifty 
years. In five years his farming enterprise' 
had to be abandoned. He was “ an agri- 
cultural visionary,” and admits that his 
failure arose from his pronounced incapacity 
for every kind of undertaking which requires 
practical ability. Here, again, considerations 
of self were submerged in his zeal for 
humanity. In this spirit of self-abnegation 
lay his lasting influence as a teacher. 

For Pestalozzi was determined to make 
a great educational experiment. He con- 
verted his large farmhouse at Neuhof into a 
school (1774). He began with twenty poor 
children. He fed, clothed, and lodged 
them in return for such work in the fields 
or at the distaff as lie might require of them. 
The children often learned their lessons 
while they worked with their hands, for 
Pestalozzi used conversation cm common 
objects as a primary means of conveying 
information. In a few months, love, gentle- 
ness, and care had transformed these poor 
little creatures into hearty , intelligent beings. 
It was the first ” industrial school.” 

News of his success quickly spread. 
Pestalozzi claimed to have proved that 
health lost through idleness or mendicity 
can be repaired by systematic work ; that 
the most depraved are touched by kindness ; 
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and that the abjectly poor brought up in 
private establishments where manual and 
mental instruction are suitably blended can 
be raised to a higher and happier plane of 
life. Sanguine as ever, he enlarged his 
undertaking, but liis almost total incapacity 
for administration plunged him into bank- 
ruptcy. In 1780 his wife’s fortune had 
disappeared, and for eighteen years he 
was destitute. 

He took to authorship, and his popu- 
lar book “ Leonard and Gertrude ” was 
published in 1781. It is also his best book; 
and from its pages and those of “ How 
Gertrude Teaches Her Children ” (1801) 
may be gleaned the leading principles upon 
which Pestalozzi founded his system. He 
believed in the magic of the teacher’s 
personality. His most important aim was 
the concurrent and harmonious development 
of all the faculties that a child possesses. 
The child must be encouraged to acquire 
knowledge through the energetic exercise 
of its senses. 

Instruction should be founded on observa- 
tion, especially with infants. Object-lessons 
are of the utmost value. A child must 
be put into actual contact with concrete 
things, and infer their nature from hand- 
ling and examining them. There, are three 
classes of object - lessons, applicable to 
form, number, and speech. Mr. Quick, 
in explaining Pcstalozzi’s aim, says object- 
lessons arc intended (a) “to enlarge 
gradually the sphere of the child's intuition ; 
lb) to impress upon him those perceptions 
of which he had become conscious with 
certainty, clearness, and precision ; (c) 

imparting to him a comprehensive know- 
ledge of language for the expression of 
whatever had become or was becoming an 
object of his consciousness.” The higher 
needs of the intellect were not to be 
overlooked ; mathematics, history, and 
music should receive due attention. But 
the most potential principle that Pesta- 
lozzi brought into the schoolroom was love ; 
and his message to the world was that 
education was the richest of all gifts, whether 
it be to rich or poor. 

When fifty-three years old, Pestalozzi 
left Neuliof, and resumed school work at 
Stanz. From thence lie went to Burgdorf, 
and finally to Yvenlon, on Lake Neuchatel 
(1804). Yverdon lias been named the Mecca 
of Pestaloz/ianism. There the educational 
career of the celebrated feather came to a 
close in 1825. He died two years afterwards, 
at Brugg (Aargau), on February 17, 1827, 
at the age of eight y-onc. 


SIR ISAAC PITMAN 
The Populariser of Phonography 

Sir Isaac Pitman, the man who brought 
to predominance a single system of short- 
hand in this country, and throughout the 
world, until it is written with a considerable 
degree of expert ness by probably half a 
million people, was born at Trowbridge 
on January 4, 1813. His father was engaged 
in the West of England woollen trade, first 
as an overseer in a factory, and afterwards 
as a manufacturer. The son began life as a 
clerk, but became a teacher, first in Lincoln- 
shire and later in Bath. He continued in 
school work until 1843, though increasingly 
his time was taken up in popularising his 
system of shorthand, which had been 
introduced to the public in 1837 in a book 
entitled “ Stenographic Sound-hand.” A 
second edition came out in 1840. Two 
years later Pitman started “ The Phonetic 
Journal,” which still continues its useful 
career. From 1843 onwards the inspirer of 
the movement devoted all his energies to it, 
and established himself in London in 1845. 
The jubilee of the system was commem- 
orated in 1887, and in 1894 its founder 
was knighted. 

'flic number of books for the teaching of 
phonography issued by the Pitman firm 
before the death of its head on January 22, 
i(Sc)7, was counted not in thousands but in 
millions. Although, of course, there arc 
many systems of shorthand, several ot 
which can be used with confidence for re- 
porting purposes, and in a small proportion 
of cases are so used, Pitman’s system 
practically commands the field, and that, 
too, wit h manifest advantage. It is a decided 
gain that one system of shorthand should 
be in general use. 

Complaints are sometimes heard that the 
system is difficult, and, unless freely 
sprinkled with vowel-sounds, is not legible, 
but there is no easy way to shorthand. 
Under no circumstances can the hand move 
as quickly as 1 lie tongue can speak without, 
long and careful training, and pretences to 
produce a cheap and easy system have 
always been delusive. The Pitman system, 
when properly known, and when practised 
till the writing bccc n:es spontaneous and 
almost instinctive, is not only effective, 
but it is beautiful in its flowing outlines. 

When one recollects how much of the 
work of the world, in business offices, in 
law courts, throughout the whole realm of 
newspaper enterprise, is being done daily, 
with enormous expedition, through the use 
of shorthand, one realises that the man 
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vlio organised tne means lor tins work, and 
orusscd it into efficiency, is indeed one of 
lie most practical of all pioneers. The 
principle of the Pitman system is that the 
liaracters shall represent not spelling but 
.ounds, and it has been applied successfully 
o almost every largely used language in 
he world. A very substantial part of 
variable English literature may be obtained 
jrinted in the Pitman script. 

JOHN POUNDS 
The Founder of Ragged Scnools 

John Pounds, the crippled shoemaker who 
minded Ragged Schools, was born at 
Portsmouth on June 17, 1766. He had in 
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him the makings of a giant, for at fifteen 
wars of age he was six feet in height and 
finely proportioned. But while working 
l t the docks with his father he fell into a 
dry-dock, and shattered and dislocated 
j no of his thighs. Today the injury would 
be swiftly repaired, but it sentenced John 
Pounds to physical incapacity for the rest 
r) f his life. He turned his attention then 
fo • obbling, and was taught the rudiments 
°f his trade by a friendly old bootmaker in 
*bat town. It was not until he was getting 
towards forty years of age that Pounds 
up in b usiness for himself, and nosted 


his sign over a little, weather boarded tene- 
ment in Mary’s Street, Portsmouth. ‘ He 
was quite a moderate workman, with a 
moderate workman’s earnings, blit his 
simple requirements enabled him to save a 
little money, and he felt that he ought to 
assist his family. He did so by taking into 
his care the little crippled son of his brother, 
who was a man of large family. 

Lacking the means to buy the necessary 
“ irons ” for his nephew’s deformed feet; 
he made a pair himself, and had the gratifi- 
cation eventually of seeing the child’s limbs 
made straight. When the time came for 
educating his small charge, he thought he 
would manage better if the child had com- 
panionship, so he sought out first one or two 
and eventually half a dozen poor little waifs 
and strays whom lie picked up in the pitiless 
streets, and founded his tiny school in the 
mean workshop in which he toiled. Once 
embarked upon his mission of mercy, the 
generous heart of the crippled cobbler 
yearned for the redemption of other little 
outcasts; and by degrees the small class, 
first intended for the education of his owr 
nephew, became a properly organised school 
in the tiny tenement. He came to have 
about forty scholars; and when the school 
overflowed, those who were most trust 
worthy would be allowed to sit out near the 
door or even on the pavement. The onh 
difficulty was to catch his pupils in the 
first instance. The good-hearted cripple 
would prowl round the docks or other public 
place and select the most forlorn and des 
peratc-looking little ruffian he could find. 
The bait would be a hot roasted potato, s 
never-failing lure; and while the hungr) 
urchin ate his meal he would be beguiled 
away to the little shoe-mending den, to be 
enrolled as a scholar and apprenticed to the 
art and mystery of becoming a reputable 
citizen. It was wonderful work, carried out 
by this one disabled, noble-hearted cobbler. 
Here is a picture of him at work in the midst 
of his class : 

“ His humble workshop was about six 
feet wide and about eighteen feet in depth. 
In the midst of it he would sit on his stool, 
with his last or lapstonc on his knee, and 
other implements by his side, going on with 
his work and attending at the same time 
to the pursuits of the whole assemblage- 
some of whom were reading by his side, 
writing from his dictation, or showing up 
their sums ; others seated round on boxes 
or forms, on the floor, or on the steps of a 
small staircase in the rear. Although the 

master sepmerl to Vnow wliere to loolr for 
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each, and to maintain a due command over 
all, yet so small was the room, and so defi- 
cient in the usual accommodation of a school, 
that the scene appeared to the observer 
from without to be a mere crowd of chil- 
dren’s heads and faces.” 

Quite without experience, he evolved an 
admirable system of teaching. Reading 
he taught from old handbills or ancient 
schoolbooks which he had bought or begged 
for the purpose. Writing was taught on 
slates ; sums carried his scholars as far as 
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compound proportion. The elder boys and 
girls — of the latter there were twelve — • 
were taught to cook and to mend their own 
boots and shoes and clothes. He and his 
oung assistants made all the toys, bats, 
alls, bows and arrows, kites, and shuttle- 
cocks ; and when they went on their country 
excursions, as they frequently^ did, lame 
J ohn Pounds was*not only guide, philosopher, 
and friend, but an enthusiastic director of 
sports and games. He fed them, he clothed 
them, tricking them out on Sundays in old 


garments he had collected during the week 
from people sympathetically disposed 
towards him and his work. And with his 
bright birds in their new, or at any rate 
cleanly, feathers he would lead them proudly 
off to the little mission hall at which he 
devoutly worshipped. This work went on 
year after year, until the noble old cobbler 
was past his threescore years and ten. Boys 
that he had snatched from the beginning of 
a career of crime had in the meantime 
grown up, had become soldiers, sailors, 
honest artisans. During lessons some of 
these, home from the wars or from distant 
travel, would drop in to see their old mentor. 
And the honest fellow would weep with 
joy at the sight of one of his proteges come 
creditably home to offer him the handshake 
of gratitude and remembrance. 

AH the work that Pounds did was free of 
cost to his bairns. He would have thought 
himself unspeakably mean to have accepted 
material requital of his services. His 
tiny legions of the lost were his joy and 
pride ; and when he could not expend 
quite enough human kindness upon them, 
and thought that there was still a dispens- 
able shot in his locker, he would feed and i 
in other ways assist his indigent neigh- i 
hours in times of hard weather and distress. j 
John Pounds, one of the great little men ! 
of the earth died, aged seventy-two, on Jan- | 
uary i, 1839. He passed away at his work, | 
for he was embarking upon a prime adven- j 
ture— he was arranging for a little supply of j 
copy-books for his children, when suddenly j 
the hand of death descended upon him. 
He breathed his last when his friends 
raised him from what they first took to be 
only a swoon. But John Pound’s work 
lives on after him. The story of his i 
career fired the imagination and zeal 
of many friends of the poor, and the 
immediate outcome was the formation of i 
the Ragged School Union. *And Lon 
Shaftesbury was not the only man illustriou: 
in our history who has been proud to say 
“lama disciple of John Pounds.” 

JOSEPH HUBERT PRIESTLEY 
A Pioneer in Electric Gardening 

Professor Joseph Hubert Priestley, xvh< 
has conducted some remarkable experi 
ments in a new method of farming, is th< 
son of a headmaster of Tewkesbury Gramma 1 
School. He was born on October 5, 1883 
and educated at his father's school, ant 
afterwards at University College, Bris tol 
Here he specialised in the study of botany 
and so distinguished himself that a1 
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twenty-two he was appointed Lecturer in 
Botany at Bristol, and head of the Botanical 
Department. In 1911 he became Professor 
of Botany at the University of Leeds. While 
at Bristol he fitted some greenhouses at 
Bitton with electrical wires running above 
the growing plants, and he showed that by 
applying an electrical current the growth 
of plants could be stimulated in a curious 
manner. It is thought that thfe electrifica- 
tion of a crop checks minute and primitive 
animals in the soil, which prey upon certain 
microbes that fertilise and assist growing 
plants. But it may be that the electricity 
also stimulates the activity of the plants. 
In the first case, a sleam-jet might prove a 
quicker and more convenient way of pro- 
moting the growth of beneficial microbes. 
In the second case, it might pay gardeners 
and farmers to use electricity when this is 
available at a low cost. 

ROBERT HEBERT QUICK 
The Historian of Education 

Robert Hebert Quick will long hold a 
place in the world of education as the writer 
who made the history of education interest- 
ing by tracing it along the lives of the great 
educators. Until he wrote, the subject was 
dull and unrealised, even by people who were 
closely engaged in educational work, but 
he made a swift, clear stream of specialised 
history to flow along the channel of educa- 
tion. He redeemed a great subject from the 
casualncss which before had seemed to 
suffice. Quick was born in London, the son 
of a prosperous merchant, on September 20, 
1831, and educated at Harrow (a private 
tutor's), and Trinity College, Cambridge. 
On leaving Cambridge he took Holy Orders, 
and worked in London for some time as a 
curate with his friend the Rev. J. Llewelyn 
Davies. Afterwards he held masterships in 
various schools, including Harrow, became 
a lecturer on education at Cambridge, and in 
1883 was given by his college the living of 
Sedbergh, Yorkshire, from which he retired 
in 1887. He died at Cambridge on March 9, 
1891. The book by which he will always be 
known was his “ Essays on Educational 
Reformers," first published in 1868, and 
enlarged and freely rewritten for a final 
edition in 1890. For the writing of this book 
he was partly equipped by a sound know- 
ledge of German. Quick lived to see his 
survey of educational history in use in 
many training colleges, and quoted as both 
interesting and authoritative in every his- 
tory of education, written either in English 
French, or German. 


Perhaps the most effective way of seeing 
how little appreciation there was of the 
consecutive story of the growth of educa- 
tional ideas and methods is by examining 
Quick’s own writings on the subject. When 
he began his survey of educators, past and 
present, he had to search far and wide foi 
materials ; and though he was in love with 
his subject, and singularly open-minded, sc 
that every form of information was wel- 
comed by him, there were manifest gaps in 
his plan, and some of the greatest students 
of education were missed by him. Foi 
example, Herbart only appeared in an 
insignificant note at the bottom of a page, 
Such omissions were rectified later. 
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It is not too much to say that Quick': 
enlivening books, more than any othei 
influence, stimulated the writing of historic* 
of education, until now half a dozen sucl 
works hold the field, not unworthily, thougt 
none of them has the movement, persona 
interest, and literary lightness of the 
“ Essays on Educational Reformers." Sucl 
men as Comenius, Locke, Rousseau, anc 
Pestalozzi were brought into their true 
relation to the age-long story of educationa 
endeavour by the freshness of their presenta- 
tion through Quick's pages. Brisk cnougl 
to be read by the youngest, and full of liumar 
interest, these essays had the power to make 
teachers feel their work had a new dignity. 
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CHEMISTS & PHYSICISTS 


GUSTAVE LE BON— THE VERSATILE 
FOUNDER OF A NEW ALCHEMY 
JUSTUS VON LIEBIG— FATHER OF THE 
CHEMICAL INDUSTRIES OF GERMANY 
GABRIEL LIPPMANN -ANOTHER DIRECT 
METHOD OF COLOUR-PHOTOGRAPHY 
SIR OLIVER LODGE— FOREMOST STUDENT 
OF MATTER AND MIND 
JAMES CLERK MAXWELL — THE DIS- 
COVERER OF ELECTRIC WAVES 
DMITRI MENDELEEFF — DISCOVERER OF 
THE MASTER-KEY OF THE ELEMENTS 

GUSTAVE LE BON 

The Versatile Doctor who Founded a New 
Alchemy 

G ustave le Bon, one of the most 
versatile of Jiving men of science, was 
horn at Nogcnt-le-Retrou, a town some 
distance to the south-east of Paris. lie 
comes of Breton and Burgundy gentry, 
hut the revolutions in France have left 
him only an aristocratic tradition. What 
wealth he has he has himself earned. Like 
many men of an original turn of mind, he 
was a very poor scholar in his youth, and 
even in early manhood he only just managed 
lo pass his examinations for the degree of a 
doctor of medicine. He attributes this to 
the fact that the system of French educa- 
tion is designed for the average, unoriginal 
mind, and that any boy that tries to think 
out things for himself wanders away from 
the official groove of knowledge, and so 
makes a poor show at examinations. 

Le Bon began his scientific career in 1879 
by researches on the law of variations in 
human skulls. lie then studied Turkish 
tobacco, which was supposed to be com- 
paratively harmless, because little nicotine 
was found in it by ordinary methods of 
analysis. He employed a new method of 
examining the contents of the smoke instead 
of analysing the unburnt leaf. He found 
in the products of combustion prussic acid 
and a new series of poisonous alkaloids, 
which went to show that the toxic effects of 
Turkish tobacco were ' very much greater 
than had been thought. But this remark- 
able essay in chemistry did not determine 
the career of the young doctor. 

Putting all his work aside, he began a 
new career as a traveller, and, after wander- 
ing through Morocco and Egypt, was sent 
nn a Government mission to India, and was 
the first Frenchman to explore Nepal. A 
series of brilliant works on the civilisation 
of the Arabs, the Hindoos, and the early 


HANS CHRISTIAN OERSTED -HIE DIS- 
COVERER OF ELECTRO-MAGNETISM 
WILHELM OSTWALD— PIONEER IN A NEW 
FIELD OF CHEMISTRY 
PARACELSUS— THE MYSTIC FOUNDER OP 
MEDICAL CHEMISTRY 
SIR WILLIAM PERKIN -FOUNDER OF THE 
COAL-TAR INDUSTRIES 
WILLIAM HENRY PERKIN — PROFESSOR 
AND INVENTOR 

JOSEPH PRIESTLEY A FREE-LANCE OF 
SCIENCE WHO DISCOVERED OXYGEN 
SIR WILLIAM RAMSAY— ALCHEMIST 

civilisations of the Orient was published 
by him, together with some books of 
descriptive biography. But, finely as he 
handled the knowledge he had won in his 
travels, it was not until 1895 that he really 
revealed his genius. I11 this year all his 
wide and varied studies of human societies 
flowered into a great and fundamental 
idea of the workings of human nature in 
large groups, which he expounded in his 
“ Psychology of Crowds.” This searching 
and profound inquiry into the soul of the 
mob is one of the corner-stones of the 
modern science of social actions and habits. 

While lie was thus revolutionising an 
important branch of the social sciences, Le 
Bon was conducting some extraordinary 
experiments in chemistry, lie found that 
if a phosphorescent body, such as sulphide 
of calcium, is exposed for a minute to sun- 
light, it preserves for eighteen months the 
power of emitting invisible radiations that 
can be photographed, lie also discovered 
that nearly all forms of matter, when 
exposed to sunlight, and then placed in 
darkness, give out invisible rays which have 
the property of electrifying the surrounding 
air. These mysterious rays he termed 
“ black light.” 

His first paper on the subject appeared in 
1896 ; and when A. II. Becquerel soon 
afterwards published his researches on the 
strange radiance emitted by the salts of 
uranium, Le Bon was able to give the true 
explanation of this radio-activity. Bcc- 
querel thought it was merely a form of 
light, a kind of phosphorescence. But Le 
Bon repeated the experiment, and found 
that the uranium ray was not a form of light, 
but a wonderful product of the breaking up 
of atoms and the destruction of matter. 
His theory was suggested rather than 
proved by his experiments, but it was 
afterwards more strongly supported by the 
discovery made by English chemists that 
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radium' was breaking up into the lighter 
element of helium, in the act of emitting its 
strange bundle of rays. 

There has been much angry dispute in 
both France and England as to the part 
played by Gustave le Bon in working out 
the modern theory of the breaking up of 
the elements. He has certainly raised a vast 
structure of ideas on a small foundation of 
ascertained fact. On the other hand, his 
main theory is borne out by later dis- 
coveries made by other men, so that he is 
entitled to rank as a pioneer in the new 
science of radio-activity. Possibly he is 
somewhat of a jerry-builder in science, for 
he is inclined to make magnificent theories 
out of mere suggestions. For instance, he 
supposes that all forms of matter are 
spontaneously decaying into the ether out 
of which they were originally formed. 
This is going much too far. In the first 
place, it is not certain that all forms of 
matter are of themselves continually break- 
ing up and disappearing. In the second 
place, it is not absolutely certain that the 
ether exists. So Le Bon’s theory of the 
evolution of matter out of ether and its 
dissolution into ether is a somewhat 
imaginative idea. The famous French 
doctor is a man with fine qualities of mind, 
and the defect of those qualities. He is 
. very original, but very speculative. Some- 
times he is really in advance of other 
men of science ; sometimes he is a weaver 
of cobwebs of thought that entangle rather 
than guide. 

JUSTUS VON LIEBIG 
Father of the Chemical Industries of Germany 

Justus von Liebig, the founder of German 
industrial chemistry, was born on May 12, 
1803, in Darmstadt, where his father kept a 
t small drug and grocery shop. In boyhood, 
Liebig was a very poor scholar, and after an 
unsuccessful time at school was apprenticed 
at sixteen to an apothecary. Unfortunately, 
he was as bad a hand at pill-making as he 
was at learning Greek verbs, and, besides, 
he had a very fiery and impulsive nature. 
After a struggle, he induced his father to 
allow him to go to Bonn University to 
study chemistry. But there was nobody in 
Germany at that time able to teach modern 
chemistry in a proper way, and after taking 
his degree young Liebig went, at nineteen, 
to Paris, where, with some difficulty, he 
obtained a place in Gay-Lussac's laboratory. 
Here he worked for two years, becoming at 
twenty-one a master of the new science. 
He engaged in the study of the metallic 


compounds of fulminic acid, so named on 
account of the formidable explosive char- 
acter of its salts. With rare skill and 
courage, Liebig determined the composi- 
tion of the dangerous acid, whereupon 
Gay-Lussac seized him, and danced round 
the room in the wooden shoes in which he 
worked. “ I must do it ! ” he exclaimed, 
to the astonished young German doctor. 
“It is a habit of mine on the occasion 
of a new discovery. I can only express 
my ecstacy in the poetry of motion ! ” 

The fact was, Liebig’s first discovery was 
of surprising range. He was able to show 
that his terribly explosive fulminic acid was 
identical in composition with the harmless 
cyanic acid. All ideas were upset by this 
proof that the same number of atoms could 
produce two entirely different substances. 
It made chemistry a very difficult science. 
Some of the highest authorities opposed 
Liebig’s view ; and had it not been that 
another young German, Wohler, attained a 
similar result about the same time, the 
strange and puzzling fact would have been 
long disputed and contemned. 

As it was, even the men opposed to it 
were at last forced to the conclusion that 
something else counted besides the actual 
number of atoms in a substance. It was the 
way in which the atoms were arranged 
together that made the difference between 
a dangerous explosive and a harmless acid. 
Having helped one another against the older 
school of chemists, and introduced a new 
and important idea into chemical science, 
Liebig and Wohler became fast and loving 
friends, and for some years they worked 
together and published their discoveries 
under their two names. Their splendid 
friendship is one of the finest things in the 
history of science. 

The two men completed each other. 
Wohler was cool, deliberate, and unim- 
passioned, doubtful of his own ideas, and 
careful to test every link in his chain of 
research. Liebig was fiery and impetuous, 
receiving a new thought with enthusiasm, 
and letting his imagination play on it ; 
ready to knock down a man who said he 
was wrong, and then pick him up and kiss 
him when he found that the man was in 
the right. Wohler started many ideas of the 
partnership in discovery ; Liebig devch 
oped them, and gave them largeness, 
range, and importance. Neither man worked 
so well by himself as he did with his friend. 

At twenty-one Liebig was made a sort of 
assistant professor of chemistry at Giessen ; 
two years later he was appointed ordinary 
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professor. He was a man with regular 
features, dark, shady eyebrows, and great, 
brown, shining eyes — the eyes of a creative 
poet who used chemical instruments in- 
stead of words in working out his flashes of 
imagination. His grand idea was to make 
chemistry, which had been developed chiefly 
in England and France, a German science. 
Nowhere in his native country could a 
student obtain a training in the new 
science, and for this reason Liebig resolved 
to devote most of the energy of his life to 
founding a system and school of chemical 
teaching, instead of devoting himself en- 
tirely to original research. 

Under his influence, his laboratory at 
Giessen became the greatest school of 
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chemistry in the world, and our own 
teaching laboratories were afterwards 
modelled upon it. Liebig made many 
discoveries, such as chloroform and chloral, 
and many cyanides. He perfected a method 
for analysing organic compounds, which in 
all essential features is still practised every- 
where. Working with Wohler, he made two 
important contributions to the foundations 
of his science. But his great and permanent 
service to the world was not in the isolation 
and study of compounds and series of 
compounds, not in the conception of a 
theory of chemical action, nor even in his 
valuable views on the chemistry of agricul- 
ture, the composition of food, the processes 


of digestion, and the source of animal heat. 
His great service to humanity was that he 
showed how chemistry should be studied, 
and how it should be taught. 

Some poets, like Spenser, are called poets’ 
poets, because they appeal more to poets 
than to ordinary cultivated readers. Liebig 
is the chemists’ chemist. His name is 
associated • in the public mind almost 
exclusively with the extract of meat he 
prepared in connection with his studies of 
food. This is a sad injustice. Liebig never 
proposed to use his extract instead of 
meat, because it contains only a part of the 
constituents of flesh. Ilis idea, in the first 
instance, was to turn to account the flesh 
of animals in Australia and South America, 
which would otherwise be wasted, when the 
beasts were bred only for their wool or fat. 
His extract of meat is only a valuable 
stimulant, to be consumed together with 
bread or other vegetable food. 

Liebig’s title to fame, over and above his 
fine body of discoveries, is that he is the 
founder of German chemical science and 
German chemical industries. He wished to 
help England, and pointed out, in 1837, our 
deficiencies and lack of organisation in 
chemical instruction. His most brilliant 
pupil, Hofmann, gave the best part of his 
life in an attempt to arouse British manu- 
facturers, and train a group of British 
chemists of genius. Liebig was created a 
baron in 1845. He lived during the last 
twenty years of his life at Munich, and died 
there on April 18, 1873. 

GABRIEL LIPPMANN 
Another Direct Method of Colour-Photography 

Gabriel Lippmann, Professor of Physics 
at the University of Paris, and inventor of 
colour-photography, was born in 1845, at 
Hollirsch, in the Grand Duchy of Luxem- 
bourg. His father was of Lorraine, and his 
mother of Alsace, and both by birth and 
training he combines French and German 
influence. He was educated at Paris, in the 
Lycce Henri Quatre. He showed at school 
a bent towards scientific pursuits, and 
through one of the most admirable of French 
institutions he was able to obtain a. scientific 
education at little or no cost. 

In order to obtain a large body of well- 
trained professors for the work of public 
instruction, the French Government hold 
open competitions for a prize of three yeans* 
free education at the Ecole Normale, which 
is really a branch of the University of Paris. 
Many of the finest minds of modern France 
nave won their training in^this way. All 
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that is asked of them is that they shall 
remain Government teachers for ten years, 
or redeem themselves by paying for the 
splendid training they have received. Pro- 
fessor Lippmann entered the scientific 
department of the Ecole Normale in 1868, 
and, after a brilliant career there, he went 
to Germany to study physics and chemistry. 

It needed some courage for a young 
Frenchman to go to Heidelberg imme- 
diately after the Franco-German War. But 
Lippmann’s patriotism took the high and 
useful form of resolving to know all that 
he could learn from the conquerors of 
Alsace-Lorraine. He held with Renan that 
one of the causes of France’s defeat was the 
inferiority of French science in 1870 com- 
pared with German science. As a re- 
presentative oi the younger generation of 
France, he was determined to do what in 
him lay to make French science again one 
of the great forces of the world. He 
studied physiological chemistry, and worked 
for a German chemist on the albuminous 

« Kites. Then he abandoned chemistry 
lysics, and took up the study of 
electro-capillarity, in which he was after- 
wards to make his name. He graduated at 
Heidelberg, and went on to Berlin, and 
worked for a year under Helmholtz. 

Returning to Paris, lie won his doctor's 
degree with a brilliant and original treatise 
upon the relation between electric and capil- 
lary phenomena, and by reason of his 
genius and knowledge obtained a position 
in the physical laboratory at Sorbonne. It 
was a wretched affair, consisting of some 
sheds and a couple of rooms on the ground 
floor of a house in the Rue Saint Jacques. 
In 1883 Lippmann became Professor of 
Physics in the University of Paris, and 
Director of the Laboratory at which he 
had been an assistant. Naturally, he at once 
began to agitate for proper rooms and ap- 
pliances, such as were to be found in any 
German university. After a long struggle 
he managed to put the laboratories of the 
University of Paris on something like an 
equality with the German homes of scientific 
research. The magnificent work that has 
recently been done by Curie, the dis- 
coverer of radium, and Lippmann him- 
self, and other professors of Paris, clearly 
shows that when a Frenchman has proper 
scientific tools he is at least the equal 
of the German man of science. Yet Lipp- 
mann, having had to work in the old sheds 
for upwards of twenty years, still retains 
some affection for his dilapidated work- 
shop. It was there that he worked out 
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his famous law of the conservation . of 
electricity, and began his more popular 
work on colour-photography. 

Professor Lippmann did not invent his 
process of photography by long experi- 
ment. He set out from a theory in optics 
regarding the interference effect of waves 
of light. The hues of mother-of-pearl, 
opals, and the iridescence of soap-bubbles 
arc due to waves of light falling on the thin 
films, and getting mixed up with the waves 
reflected from the inner surfaces. The direct 
train of white light-waves meets the train of 
reflected waves. Some of the waves com- 
pletely counter-affect one another, and the 
result is darkness. This, is the full inter- 
ference effect. It can be produced in a 
photograph plate, by putting a metallic 
mirror behind the plate at the back of the 
camera. This is what Professor Lippmann 
did. The mirror reflected the light back 
on itself, and gave rise to interference 
effects within the film of sensitive photo- 
graphic chemicals. The result of the in- 
terference was that the waves were thrown 
back on themselves, and became stationary 
waves, and left a record of their forms in 
the silver salts on which they acted. Ordi- 
nary light-waves travel too quickly to leave 
a photograph of themselves, but in the 
Lippmann process the photographic film 
becomes a record of the forms of the waves 
that fall upon it. The process does for the 
variously coloured waves of light what the 
phonograph docs for the variously shaped 
waves of sound. 

The photographic plate is developed in 
the ordinary way, and, if held up to the light, 
it seems to be a very weak, ordinary nega- 
tive. In order to bring out the colours, 
the photograph must be looked at in the 
direction of the regularly reflected ray. If 
it is regarded from another point only a 
colourless image is seen. Professor Lipp- 
mann used his process for scientific purposes 
in obtaining photographs 01 the spectrum. 
He diu not want to work at a commercial 
application, but it was not until he had 
patented his ideas that some photographic- 
firms took the matter up. It was a German 
firm that first placed on the market an im- 
provement of the Lippmann process. 

In 1911 Professor Lippmann worked out a 
still more original and astonishing system 
of photography. It is known as “ integral 
photography,” and, so far as we know, i 
has not yet been placed on the market. A 
sensitised plate is coated with a large 
number of small globules oi glass, each I>» 
than iooth of an inch in diameter. These 
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tiny globules act as miniature eyes, and 
the sensitive plate behind them serves as a 
retina. No camera is necessary. 

The plate is merely exposed so that the 
object or scene is mirrored upon it. The 
little beads of glass act as lenses, and 
transmit each a minute picture on to the 
photographic plate. The plate is then 
de veloped, and made into a transparency, 
and a light is placed behind it so as to send 
the radiance through all the globules. 
All the minute pictures are then com- 
bined into one image of the original object, 
far surpassing in relief and distinctness an 
ordinary ‘photograph. Professor Lippmann 
leaves it to other inventors to develop 
this new system. The great difficulty is 
getting glass globules made cheaply and 
regularly. The minute glass beads of 
commerce are too irregularly formed to act 
as good lenses. If it were possible to make 
dies for stamping out beads from transparent 
sheets of collodion, the new process might 
become commercially practical. 

SIR OLIVER LODGE 
A Foremost Student of Matter and Mind 

Sir Oliver Joseph Lodge, one of the 
foremost of contemporary physicists, and a 
pioneer in wireless telegraphy, was born at 
lVnkhull, Staffordshire, on June 12, 1851. 
1 1 is father, who was a potter, sent him to 
Newport Grammar School until he was 
fourteen ; then took him into the works with 
liini, where he was in a fair way to becoming 
a successful maker of pottery, but scarcely 
to helping the world along the path of 
science. But as in old days a piece of 
burnt stick used to find its way to the 
embryo artist, or a piece of clay invite the 
manipulative fingers of the born sculptor, 
so some old copies of the “ English 
Mechanic ” arrested the attention of the 
little potter. * The work carried him into a 
new world, and drew him, with penny 
encyclopaedias as finger-posts, to the study 
of science, of whose existence he had had no 
conception. But it was not until Oliver 
b°dge had served his full seven years among 
the. clays and spinning-wheels that his father 
realised he had a genius upon his hands, 
ami sent him up to London to hear Tyndall 
and study at University College. 

fhere, after matriculating, he was ap- 
pointed Demonstrator of Physics, took m 
turn his B.Sc. and D.Sc. degrees ; then 
passed on to Liverpool University College 
a^ Assistant Professor of Physics and 
Mathematics, gained the Rumford Medal, 
his long series of investigations of 


electric phenomena, and turned tl\*m to 
practical account when acting as scientific 
adviser to an electrical power storage 
company. He was promoted to the ( hair 
of Physics at Liverpool University, and 
proceeded thence to the new Birmingham 
University, of which he has been Principal 
since 1900. Both by his writings and 
teachings Sir Oliver Lodge lias given a 
powerful impulse to the scientific education 
of latter-day England. From his lecture- 
rooms have issued students informed and 
inspired by himself whose work in the future 
should prove of signal importance to their 
generation. But his personal contributions 
to contemporary science have had high 
value. Especially is this so in regard to 
wireless telegraphy, in which he was making 
practical experiments long before the world 
had heard the name of Marconi. It was 
while training a host of bright youths 
who have passed through his hands that he 
conducted his researches into the pheno- 
mena of ether, electro-magnetic waves, and 
wireless telegraphy, work necessitating a 
multitude of refined experiments, carried out 
as he says, in his spare moments. With 
Dr. Muirhead he invented a method of 
wireless telegraphy which was the fore- 
runner of the more comprehensive Marconi 
system. Sir Oliver Lodge was not the 
creator of the wireless system ; many men 
had worked in the field before and simultane- 
ously with him. But he collated all the 
results of work done, and in a book of the 
highest value he told the world what had 
been attempted and accomplished, so that 
the expert and the striving student might, 
in point of knowledge as to what had gone 
before, be on terms of approximate equality. 

He interpreted the message of Clerk 
Maxwell and of Hertz. Clerk Maxwell 
had predicted the discovery of electro- 
magnetic waves ; Hertz found them. 
Lodge harnessed them for the purpose of 
aerial messages. He was an interpreter 
when the science was a congeries of nebu- 
lous theories and unapplied discoveries. 

Besides his work in regard to wireless tele- 
graphy, he has carried out interesting ex- 
periments with a view to fog-dispersal by 
means of electric discharges. He has filled 
a bell-jar with smoke, both dry smoke and 
damp smoke; then, by electrifying the 
clouded atmosphere, has seen the smoke 
coagulate and fall. He has filled a room 
with dense smoke, electrified it, and cleared 
the air completely. He holds that ship? 
equipped with an instrument for electrifying 
the air might dispel the fogs by which they 
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are shut in. Under certain conditions 
clouds might, he believes, be made to 
discharge their rain. Much that he has 
been able to accomplish in directions such 
as these remains a basis for work of the 
future. He inherited a legacy from his 
predecessors in science ; he will hand on a 
richer endowment to those that come 
after, and it may be that among his own 
students someone will be found to wear 
his mantle. But the results will come more 
quickly in future. A Lodge invents swift 
and exact machinery, to take the place of 
rule-of-thumb methods to which he and 
those contemporary with him in his youth 
were condemned, and success is achieved 
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by means of that machinery at less cost in 
time and labour than seemed possible to 
those with whom he began his task. 

Sir Oliver Lodge has traversed much of 
the debatable ground of physics and psy- 
chology, and as President of the Society 
for Psychical Research has, with Sir William 
Crookes and other distinguished men, 
investigated a considerable body of evidence 
bearing upon what to the outside world is 
commonly known as spiritualism. He 
asserts that telepathy or thought -trans- 
mission is proved to demonstration, a state- 
ment in which lie does not carry with him 
the majority of men distinguished in 


science. In this connection it is important 
to note that in 1911 a sum of £1000 was for 
six months privately offered in London foi 
satisfactory proofs of thought-transference, 
and, there being no evidence forthcoming 
the offer was advertised in the " Times/ 
but, without limiting the amount to £1000 
It said : “ Persons applying are requested tc 
name their own terms for evidence that will 
stand cross-examination, and to stab 
whether or not their communications are tc 
be treated as confidential.” 

The reward has not been won. Whethei 
the circumstances have induced modili 
cation of the views of Sir Oliver Lodge dor: 
not appear. He laid it down to an inter- 
viewer some little time ago, “ The distance 
between England and India is no barrier tc 
the sympathetic communication of intelli 
gence in some way of which we are a 
present ignorant. Just as a signalling kv) 
in London causes a telegraphic instruinon 
to respond instantaneously in Teheran 
which is an everyday occurrence, so tin 
danger of death, or death of a distant child 
a brother, or husband may be signalled 
without wire or telegraph clerk, to the hcai 1 
of a human being fitted to be the recipicm 
of such a message." 

JAMES CLERK MAXWELL 
The Discoverer of Electric Waves 

James Clerk Maxwell, one of the great cs 
of modern men of science, the son of ; 
Scottish laird and a Northumberland lady 
was born at 14, India Street, Edinburgh, 01 
N ovember 13, 1831. Hisifather was a lawyci 
who dabbled in scientific experiments 
After the birth of his son he retired to hn 
country estate near Castle-Douglas, am: 
devoted himself to the education of his <ml\ 
t liild. At ten the boy was sent to Edinburg 
Academy, where he received the name ol 
“ Dafty,” and for some years he did noi 
show any promise. But his defects of mine 
were largely due to shyness, and he cum! 
himself at thirteen by a curious device. 

He made a plan of the large window of the 
room in which he had to repeat his lessons, 
and wrote the words in the spaces repre- 
senting the window-panes. Then by gazing 
at the actual window the words came back tc 
him in the order, he had written them, anjl 
he ceased to be the dafty one of the school 
His great fear was that by changing his pla<' L ' 
in the class he might be obliged to stan» 
v here* he could not see all the window-pane* 

When he won the prize for mathematic 
his delighted father, who acted more as an 
cider brother than as a parent to him, join 1 a 
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the Royal Society of Edinburgh and took 
the boy to the meetings. And of course his 
scientific education was quietly but tho- 
roughly continued in talk with his father. 
Mrs. Clerk Maxwell had died, and the laird 
lavished all his affections on his son and 
made him his companion. At fifteen the 
brilliant lad made his first contribution to 
science by drawing some curious ovals, which 
were so remarkable that Professor Forbes 
brought them before the Royal Society. 
The boy then took up the study of mag- 
netism and the polarisation of light ; but 
as he pursued these researches while still 
continuing his ordinary schooling, he be- 
came unwell. Alarmed at the results of his 
precocity, his father ceased to take him to 
scientific meetings. By this time, however, 
lie was able to work out many things for 
himself. At sixteen he entered the University 
of Edinburgh, and threw himself into many 
branches of science. Then came the struggle 
with his father. The old laird wanted his 
son to study law, but James said he was 
more interested in “ laws of another kind ” 
—scientific laws, of course. Though his 
father did not want to lose his son’s com- 
panionship, and was afraid he would per- 
manently injure his health by over-study, he 
at last gave way. 

Clerk Maxwell went up to Cambridge ia 
the autumn of 1850, with a mass of know- 
ledge that was really immense for so young 
a man, but it was in such a state of disorder 
that his tutor was appalled. Through 
having been largely self-trained, he had 
studied widely but without method. His 
strength of intellect was superb, but he had 
very little knowledge of how to use it to 
advantage under the special conditions of 
university examinations. Yet he won 
the position of Second Wrangler. 

At Cambridge he gave up much of his 
time to helping a fellow -student who had 
hurt his eyes with experiments on light, and 
could not read for his examinations. The 
man got through, but the strain produced 
in Clerk Maxwell an attack of brain fever 
that lasted for a month. It was probably 
this that made him take only second place in 
the mathematical Tripos. 

He won a fellowship at Trinity, and then 
settled down to the work of his life. Inten- 
tionally he had not studied electricity until 
he had obtained a mastery of mathematics. 
But he now took up Faraday's work, and, 
entering into correspondence with the great 
electrician, proceeded to acquire .in a 
methodical manner all the existing know- 
ledge on the subject. Faraday had ‘shown 
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that the interaction between two bodies by 
means of electricity was not merely action 
at a distance. There were actual lines of 
force running through the mysterious 
medium, the ether, and conveying an elec- 
trical influence from one body to another. 
The trouble was that the ether of Faraday’s 
electrical theory was different from the 
medium required in the clastic-solid theory 
of light which the great mathematicians of 
the old school had developed. 

It was Maxwell’s life-task to prove that 
there was only one medium in which elec- 
trical lines of force acted, and that light and 
electric waves were identical in nature, both 
being forms of electro- magnetism. He 
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made the astonishing discovery that the 
electrical ether would transmit electrical 
waves with a speed exactly equal to that 
with which light was known to be trans- 
mitted. Hence any medium which could 
explain electrical action could also explain 
light. This is Maxwell’s greatest achieve- 
ment in the foundation of the electro- 
dynamic theory of light. 

In his younger days Maxwell had won, 
by a fine piece of mathematical work in con- 
nection with the problem of the rings of 
Saturn, the prize founded in memory of 
Adams, who discovered the planet Neptune 
without studying the skies. Adams merely 
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took into account some irregularities ob- 
served in the movements of Uranus, and by 
mathematics calculated the size of the 
disturbing body, its place in the solar 
system, and the position which it would 
occupy in the skies at a given time. When 
a Cambridge astronomer looked through his 
telescope at the spot indicated by Adams's 
calculation the great new planet was 
perceived. Maxwell performed a some- 
what similar task on a larger scale. 

His theory required him to suppose that 
electrical action at a distance was produced 
by a train of electrical waves. He worked 
out the properties of these unknown waves, 
and gave their measurements, and, as 
soon as Hertz managed to invent an 
instrument for detecting the undulations 
in the ether, the electric waves were found, 
and, when measured, proved to be what 
Maxwell had predicted they would be. 
Maxwell is thus the original theoretic 
founder of all systems of wireless telegraphy 
and telephony. His magnificent feat is one 
of the most wonderful examples of the power 
of the human mind. Simply by develop- 
ing the mathematical consequences of an 
experiment with a magnet and iron filings, 
from which Faraday obtained the idea of 
lines of force, he simplified the theories of 
light and electro-magnetic effects, and 
worked out the actual form of electric 
waves in a still more mysterious ether. 

At the present time it is not quite certain 
that even his simplified kind of ether 
actually exists. An American man of 
science, Miehelson, recently found out how 
to measure the hundred-millionth part 
of a small distance, and he determined the 
fixity of the ether by comparing the velocity 
of light at two different points during the 
change in the earth’s position as it sweeps 
around the sun. It seems that the ether is 
not fixed near the surface of the earth, 
but takes part in the earth’s movement, 
This idea, however, gives rise to other 
difficulties, and a German mathematician, 
Einstein, now proposes to abolish the ether. 
But here more difficulties occur ; and men 
of science all over the world are now divided 
in two warring camps over the question of 
the existence or non-existence of Maxwell’s 
ether. On the other hand, Clerk Maxwell’s 
electric waves arc a fact, through whatever 
medium they move. 

Though Maxwell’s great paper on electro- 
magnetism appeared in 1864, some years 
passed before his theory arrested general 
attention. * It was not until his work 
on " Electricity and Magnetism ” appeared, 


in 1872, that his theory was accepted. It 
is still a matter of surprise that though 
he was surrounded at the Cavendish Lab- 
oratory with a band of young physicists 
who firmly believed in his ideas, no attempt 
was made by them to furnish experimental 
proof of their master’s deductions. It was 
Helmholtz, always on the alert on the side 
of progress, who suggested to his pupil, 
Heinrich Hertz, to take up the experimental 
investigation of the problem. A great 
number of scientific men were reluctant to 
abandon the old idea of an elastically solid 
ether in favour of Maxwell’s conception. 
In our country Lord Kelvin refused to agree 
to Maxwell’s views. It was not until Hertz 
discovered the electric waves that all 
this opposition ceased. In the meantime 
Maxwell had fallen ill in the spring of 1878, 
and after a long illness he died on November 
5, 1879. In the course of his career he was 
Professor in Marischal College, Aberdeen, 
in 1856 ; Professor at King's College, 
London, in i860 ; and Professor of Experi- 
mental Physics at the Cavendish Labora- 
tory, Cambridge, from 1871 to his death. 

DMITRI IVANOVITCH MENDELEEFF 
Discoverer of the Master-Key of the Elements 

Dmitri Ivanovitch Mendeleeff, the master- 
chemist of Russia, was born at Tobolsk, 
Siberia, on February 7, 1834, the seven- 
teenth and youngest child of a schoolmaster. 
Soon after his birth his father became blind 
and lost his position, and the very large 
family was entirely dependent upon the 
efforts of their mother. Happily she was a 
woman with remarkable knowledge, energy, 
and force of character. She set up as a 
glass-maker at Tobolsk, and for many years 
managed the glass-works entirely herself. 
Out of the profits she made, she was able 
to bring up and educate her swarm <>i 
children. Her noble story is told by Men 
delccff in the introduction to his great work 
“ On Solutions,” which he dedicated t<> 
the memory of his mother in language of 
high beauty and moving power. 

The boy studied at the Siberian school of 
which his blind father had been master, and 
at sixteen went to St. Petersburg University, 
with the intention of taking up chemistry, 
which, at this early age, had become 
the passion of his life. The authorities, 
however, transferred him to an institute for 
training teachers, with the object of getting 
him to follow in his father’s footsteps. 
Whilst at the institute the boy made lii^ 
first contribution to chemical science, and 
was sent as a teacher to the Crimea. But 
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ns the Crimean War interfered with the 
instruction given in the neighbourhood, 
i he young man was transferred to Odessa. 

He still persisted in wanting to be a 
« hemist rather than a schoolmaster, and he 
■efficiently distinguished himself at twenty- 
two to be allowed to go up to St. Peters- 
burg University. There . he obtained his 
degree of Master of Chemistry, and became 
;i lecturer and private teacher recognised 
by the university, but not on the salaried 
staff. While still in his twenty-second 
year Mendeleeff had taken up the study 
of the great problems with which his name 
is for ever connected. In a series of re- 
markable papers laid before the leaders of 
the university, he pointed out the lines on 
which all large advance could alone be made. 
J>y this time the glass-works in Siberia 
were becoming very profitable, and his 
mother, proud of the scientific genius of her 
youngest son, was able to send him some 
money to pay the expenses of his difficult 
and laborious researches. 

Mendeleeff in 1859 obtained from the 
Minister of Public Instruction permission 
to travel. He went to Heidelberg, set up 
a small private laboratory, and spent all 
his time in the study of chemical com- 
pounds. He returned home in 1861, and 
two years afterwards was appointed Pro- 
fessor of Chemistry at the Technological 
Institute of St. Petersburg. Three years 
later he was made Professor of Chemistry 
at the University. 

He was a man with a passion for hard 
work, and there is no branch of chemical 
science which he has not enriched. Hut 
his reputation mainly rests upon his con- 
tiibutions to physical chemistry and 
chemical philosophy. His great work 
" Principles of Chemistry," appeared in 
1869. In it he developed the grand 
chemical generalisation which is now often 
called Mendeleeff ’s law, or the periodic 
law. This law is one of the most striking 
things in the history of science, and it has 
exerted a profound influence in the de- 
velopment of chemical research. It is one 
°f the master-keys of knowledge. Not 
<mly did it bring all known facts into 
systematic order, but it showed what facts 
remained to be discovered, and what pro- 
perties these unknown elements possessed. 

ft had long been noted that certain 
°1‘ ments were remarkably similar to each 
other. Thus the metals sodium and potas- 
si um are both white, soft, and easily o*idis- 
metals, forminer soluble salts with 
almost all acids. These salts resemble 


each other in colour, form, and other pro- 
perties. Some metals afterwards dis- 
covered have also a strong resemblance to 
potassium and sodium, and their atomic 
weights also increase progressively. Similar 
facts have been observed with other groups. 
But it was not until John Ncwlands, in 
1863, called attention to the fact that if 
elements be arranged in the order of their 
atomic weights a curious fact becomes 
noticeable. All elements may be so 
arranged, said Ncwlands, that the difference 
between the number of the lowest member 
of the group and that immediately above 
it is seven. In other words, the eighth 
element starting from a given one is a kind 
of repetition of the first, like the eighth 
note of an octave in music. 

Ncwlands incurred a good deal of ridicule ; 
and it was not until his discovery was 
confirmed by Mendeleeff and worked out 
into the master-law of chemistry that the 
value of the English chemist’s remarks was 
recognised by his countrymen. Mendeleeff 
seems to have made his discovery in- 
dependently, and a German chemist , Lothar 
Meyer, also found that a periodic law ran 
through the elements. 

But it is to the Russian chemist that the 
establishment and working out of the law 
arc mainly * due. He found that the 
weight of various elements did not lit in 
witli the weights assigned them by his 
law, but the law was proved terbe right, 
and more delicate experiments showed that 
the actual weights had been wrongly 
arrived at. The law has now been adopted 
as the groundwork of classification ol 
chemical substances, and many empty 
places that Mendeleeff left for elements 
then unknown, but classified and weighed 
in advance, have been filled in by dis- 
coveries that have been found to agree 
with his calculations. So the periodic law 
has become one of the most extraordinary 
examples of the power of the human mind 
to anticipate the discovery of facts, and 
point out beforehand the properties they 
will be found to possess. 

Having arranged the elements according 
to his periodic law r , Mendeleeff was able to 
indicate the existence of new forms of 
elementary matter, and even point out the 
probable sources of the undiscovered sub- 
stances. It was this power of divination 
which first attracted attention to the law, 
and quickened the interest with which its 
development was regarded by men of 
science. The great law also seemed tc 
show that the ancient alchemists were not 
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wrong in their theory of a primordial form 
of matter out of which the various elements 
had been evolved. And though Mendeleeff 
himself hesitated to adopt this view, it was 
at last confirmed by the discovery that the 
light element helium was one of the things 
produced out of the heavy element radium. 
After training two generations of Russian 
chemists, and making his own name famous 
throughout the world, Mendeleeff died at 
St. Petersburg on February 2, 1907. 

HANS CHRISTIAN OERSTED 
The Discovery by Chance of Electro-Magnetism 

Hans Christian Oersted, the discoverer 
of electro-magnetism, was born on August 
14, 1777, in the isle of Langeland, in Den- 
mark. His father was an apothecary on 
the island, and Hans was brought up to the 
same profession. He was taught to read 
and write by the wife of a German barber ; 
from the barber lie learnt German. He 
also picked up Greek and Latin and French 
from a minister’s son, having at an early 
age an uncommon passion for knowledge. 
At twelve he became his father’s apprentice, 
and took to studying chemistry, and four 
years later he went to Copenhagen Univer- 
sity to learn pharmacy. 

This was the opportunity for which he 
had been waiting. Far from confining 
himself to the one subject on which his 
living seemed to depend, he threw himself 
into various fields of knowledge with 
brilliant results. He passed in pharmacy, 
won a prize in medicine, and a doctorship 
in philosophy. Instead of letting him 
return as an apothecary to his native 
island, the professor of surgery engaged 
him as an assistant. While carrying out 
his duties, Oersted took up chemical 
research, and finely distinguished himself 
by making the first classification of earths 
and alkalies. 

When the electric battery became 
generally known, in 1800. Oersted was one 
of the "first to make experiments 011 the 
alkalies and acids set free by the electric 
current. So striking was the work he did 
that at twenty-four lie was allowed to 
travel for five years in foreign countries 
at the expense of the State, with a view to 
enlarging his knowledge of modern science. 
He returned to Denmark with a theory that 
all the forces of Nature were identical in 
their ultimate nature, and on being ap- 
pointed, in 1806, Professor of Physics at 
Copenhagen University lie gave much time 
to teaching this doctrine. 

It was a pure theory when he took it up, 
and sixteen years passed before he was able 
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in any way to substantiate it by experi 
ment. All the researches he undertook ir 
his laboratory were fruitless. But in the 
summer of 1822 he was showing his clas* 
some of the properties of an electric current 
and there chanced to be a magnet on tlu 
table near the wire. In the middle of flu 
lesson, he placed the wire carrying tlu 
current above and parallel to the magnetii 
needle of the compass. The needle was at 
once deflected. By bringing the wdre nearei 
he increased the deflection. It is only in 
certain positions that a live wire will tun 
a magnetic needle from its ordinary position 
and it is for this reason that some yean 
passed between the discovery of the electric 
battery and the accidental discovery by 
Oersted of electro-magnetism. 

Before Oersted made his simple but tre- 
mendously important experiment, men ol 
science knew something of electricity, and 
something of magnetism, but they knew 
these two forces as things distinct froir 
each other, as light is from gravitation. By 
one stroke of experimental fortune, Oersted 
showed that electricity and magnetism were 
not independent domains of physics, but 
intimately connected forms of energy. 
Later on, Faraday completed Oersted's 
sudden and unexpected achievement by 
showing that a magnet can generate an 
electric current in a conducting wire. Then 
Clerk Maxwell developed Faraday’s c.v 
periments, and showed that light was also 
an electro- m ague tic phenomenon. 

So gradually Oersted’s theory of the 
identity of the forces of Nature was worked 
out. Even gravitation is now supposed to 
be a matter of electro- magnetic attraction, 
and the atom has been broken up int<» 
electrical centres of energy. But what counts 
in science is not a mere theory, but the 
experiments, observations, and calculations 
that reduce a mass of scattered facts to an 
intelligible order. Oersted is for ever famous 
because he proved, by actual experiment, 
the intimate connection between a magnet 
and an electric current. He also carried 
out some original and important researches 
on the compressibility of w'atcr, and by 
means of a thermo-electric cell that he con- 
structed in 1823 he decomposed aluminium. 
He died at Copenhagen, March 9, 1851. 

WILHELM OSTWALD 
Pioneer in a New Field of Industry 

Wilhelm Ostwald, the founder of th«* 
Leipzig School of Chemistry, was born at 
Riga, in Russia, September 2, 1853. H c 
was first educated at a German school in 
that town, and he afterwards studied 
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chemistry and physics in the Russian 
University at Dorpat. Here he became a 
private tutor recognised by the university, 
but not on the salaried staff. He received 
a little money for assisting in the laboratory, 
but it was not enough to live on, and the 
young chemist made both ends meet by 
giving lessons in music and painting. In 
1880 Ostwald returned to Riga, and taught 
in the Polytechnic of his native town. The 
inspiring effect of his ideas and instruction 
was seen in the rapid way in which his 
laboratory grew. The number of students 
had more than doubled by 1887, when he 
was called to the Chair of Physical Chemistry 
at Leipzig. His first year's work at Leipzig 
was discouraging in its results, but by 
this time his name so shone over the whole 
scientific world that the old laboratory was 
packed with students. A larger laboratory 
liad to be built in a few years, and even the 
new building soon became too small for 
Ostwald’s pupils. 

Ostwald is a leader of men, and he has a 
force of personality which attracts and 
inspires. He is always a little in advance 
of his age, and he has a fine literary talent 
which enables him to interest any audience. 
It is to him that is largely due the extra- 
ordinary development of physical chemistry 
in the last twenty years. We owe some of 
the fundamental discoveries in this new 
branch of science to Van't Hoff, a Dutch- 
man ; to Arrhenius, a Strode ; and to Nernst, 
a German ; but Ostwald took up the work 
of these men, and developed it to a point 
at which the world must accept it. 

Ostwald is a fighter of the stamp of 
Huxley. A large majority of the younger 
physical chemists of today have worked in 
liis laboratory, and in matters of pure 
chemistry his opinions always have great 
weight. It is only as a general philosopher 
that Ostwald encounters much opposition. 
His “ Textbook of Physical Chemistry,” 
written in 1884, opened a new field. His 
book on the “ Scientific Basis of Analytical 
Chemistry ” brought about a reformation 
in chemical analysis. < 

He has not forgotten, amid his chemical 
studies, the arts by which he began to earn 
his living. His holidays are spent in sketch- 
ing with a form of pastel of his own inven- 
tion, and he is still a good musician, with 
an interest in the scientific problems of this 
purest of arts. In 1906, at the height ot his 
fame and his power, he voluntarily resigned 
his professorship at Leipzig, and retired to 
his country estate. This was the result of 
his idea of happiness. He had, he con- 


sidered, done his share of official work, and 
he wanted to enjoy more of the pleasures of 
family life, and be free to carry out work 
for which he could find no opportunity 
while directing the institute at Leipzig. 

PARACELSUS 

The Mystic Founder of Medical Chemistry 

Phillipus Aureolus Theophrastus Bom- 
bast of Hohenheim, who called himself 
Paracelsus; was born at Einsicdeln, Switzer- 
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land, on December 17, 1493. His father was 
a doctor, and taught him the first rudiments 
of medicine. After studying at Basle, Para- 
celsus led a wandering, adventurous life 
among the Tartars of Poland and the 
peasantry of nearly every country in Europe. 
His aim was to study and test all kinds of 
popular remedies. In 1526, when he was 
appointed a professor at Basle, he publicly 
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burnt the works of all the old authorities on 
medicine, and introduced various chemicals 
as drugs. Persecuted by most of the medical 
men of Germany, he lost his professorship, 
barely escaped prison, and died. Sept. 23, 
1541, in wretched circumstances, at Salzburg. 

This reformer of chemical medicine 
had something of the charlatan in his 
nature. He thought that organic bodies 
were composed of mercury, sulphur, and 
salt, and that diseases were caused by too 
great an increase or decrease of one of these 
substances. Magic, alchemy, and astrology 
were mixed up in his medical theory. He 



THEOPHRASTUS PARACELSUS 

From the painting by Rubens 


neld that shooting - stars caused plagues, 
and that planets had an influence upon 
the secretions of the human body. Never- 
theless, he effected an important revolution 
in chemistry by seeking for medical chemicals 
instead of trying to turn base metals 
into gold. He enriched medicine with a 
large number of valuable preparations, and 
worked out better methods for obtaining 
essences and extracts. He was the author 
of^ the modern doctrine of specifics, and 
did much to change the apothecary from 
a mere herbalist into a chemist. Pharmacy 
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owes very much to him. His followers 
not only enriched medicine but also 
considerably advanced chemistry. 

SIR WILLIAM HENRY PERKIN 

Founder of the Coal-Tar Industries 

William Henry Perkin was born in 
London, March 12, 1838. His father was a 
builder, and wished him to study as an 
architect, so as to be able to work with 
his brothers. The boy tried carpentering, 
but became more interested in engineering. 
When he was twelve, a young friend showed 
him some chemical experiments, and, carried 
away by the hope of making some important 
discovery, the boy fixed on chemistry as 
his calling. Nothing that his father said 
could turn him to any other profession. 

Educated at the City of London School, 
he attracted the lecturer in chemistry by 
his passion for study, and was appointed 
to assist him. When Sir William was 
fifteen, the lecturer talked over his father, 
and the boy was sent to work under Hof- 
mann at the Royal College of Chemistry. 
In spite of his -youth, Hofmann soon made 
him one of his assistants — a position of 
toil, as well as honour. Perkin was so 
occupied in the day-time that he could 
carry out no researches for himself, and it 
was only by fitting up a small laboratory 
at home that he could do original work. 

In the Easter holidays of 1856 he was 
trying to make an artificial quinine out of 
coal-tar product. He only obtained a 
muddy, dark precipitate, from which he 
vainly tried to extract the colourless 
crystallising substances that he wanted. 
But, instead of throwing the muddy waste 
stuff away, he was struck with the idea of 
coal-tar dyes. He tried the same experi- 
ment with aniline black, and extracted a 
beautiful mauve dye. It was a flash of 
supreme originality that led him to in- 
vestigate the colouring matters in coal-tar. 
Hofmann, his master, objected to experi- 
ment with anything that did not crystallise, 
and strongly disliked working with anything 
coloured. So, though he directed Perkin's 
attention to aniline, the boy's discovery of 
the dye was strikingly original work. 

Resigning his position under Hofmann, 
Perkin went to Pullar’s works at Perth, to 
study the process of dyeing. Then, with the 
help of his father, who risked in the. enter- 
prise most of the money he had saved, the 
young chemist established his famous dye- 
making works at Greenford Green, near 
Harrow. He had at first considerable 
difficulty in selling his dye to dyers and 
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printers ; but, unlike many later inventors 
who followed in his footsteps, he was from 
the beginning able to compete with vege- 
table dyes. For purple dyes were at the 
time so fugitive, especially when applied to 
silk, that sometimes a lady would have a 
new violet ribbon in her hat in the morning, 
and in the evening it would be a sort of 
red ribbon. Coal-tar mauve was much more 
permanent than this. 

But Sir William's greatest success was 
his later discovery of a commercial method 
of making from a coal-tar product a dye 
similar to that obtained from madder root. 
In 1873 the demand for Turkey-red dyes 
of this sort was so great that it became 
necessary to enlarge the Greenford works 
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two or three times. Sir William Perkin 
did not care to do this. He did not want 
to be entirely absorbed in the commercial 
exploitation of his discoveries, so the 
business was sold ; and from 1874 to his 
death, on July 14, 1907, Sir William devoted 
himself entirely to pure science. 

He discovered the famous Perkin re- 
action, which has proved an instrument of 
chemical research of high importance. He 
magnetised certain substances that polarise 
light, and established a relation between 
magnetic polarisation and chemical con- 
stitution which may prove of high value 
in the future, when the electrical properties 
of matter are more finely traceable. At 


present his discovery of coal-tar colours 
seems to be his most far-reaching work. 
It has not only become the foundation of a 
huge industry, but it lias led to the dis- 
covery that all, or nearly all, the colouring 
matters found in Nature — in flowers, roots, 
dye-woods — are related to coal-tar. 

Knighted in 1906, Sir William Perkin 
died near Harrow on July 14, 1907. 

WILLIAM HENRY PERKIN 
Professor and Inventor 

William Henry Perkin, the Waynflcte 
Professor of Chemistry at Oxford, and one of 
the most distinguished of the professorial 
inventors of our times*, was born at Sudbury, 
near Harrow, on June 17th, i860, the eldest 
son of Sir William Henry Perkin, the great 
chemist who discovered aniline dyes. As 
was perhaps natural, -three of Sir W. H. 
Perkin’s sons followed in his footsteps, and 
two are members of the Royal Society, while 
the third, now a consulting chemist, has 
made his mark as a teacher, experimenter, 
and writer. 

Professor W. H. Perkin was educated at 
the City of London School and the Royal 
College of 'Science. Afterwards he went to 
the University of Wurzburg, and took his 
Pli.D. degree, and then passed on to a 
course of study at Munich, where, for three 

ears, he was a Privat docent. In 1887 he 

ccame professor of chemistry at the Hcriot- 
Watt College, Edinburgh, and stayed there 
five years. In 1882 he was appointed 
professor at the University College, Man- 
chester, and, after a distinguished course 
there for twenty years, was elected, in 
December, 1912, to the Waynflcte Professor- 
ship at Oxford. 

Dr. Perkin is an honorary doctor of 
Science of Cambridge, and LL.D. of Edin- 
burgh and St. Andrews. He received the 
Davy medal from the Royal Society in 1904. 
His contributions to original research have 
been numerous and important, one having 
a popular significance, and another a 
Sensational outlook. On the popular side 
is his invention of the “ Non-Flam ” 
process for permanently fireproofing cotton 
goods. This has been fully described and 
discussed in our pages, 3964-6. It is hoped 
that this invention will counteract the 
extreme dangers of using flannelette. Then, 
on his fifty-second birthday, Professor 
Perkin announced the discovery of a 
method of making artificial rubber. If this 
could be done so as to compete in cheapness 
with the natural product, it would have a 
revolutionary effect. 
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Professor Perkin has written a book on 
“ Organic and Inorganic Chemistry/* jointly 
with Professor F. S. Kipping, of University 
College, Nottingham. Professor Kipping 
was assistant to Professor Perkin at Edin- 
burgh, and they cemented their friendship 
and association by marrying sisters. At 
Oxford a new chemical laboratory is to be 
erected for Professor Perkin in University 
Park; and lie, in the prime of life, is one of 
the searchers for knowledge from whom 
great things may be expected confidently. 

JOSEPH PRIESTLEY 

A Free-Lance of Science who Discovered Oxygen 

Joseph Priestley, who had the curious 
art of making fine discoveries by following 
wrong theories, was born at Fieldlicad, near 
Leeds, on March 13, 1733. lie was the son 
of a clothmaker, and, receiving a religious 
education, he became a Dissenting minister 
of advanced opinions, which were not 
always to the taste of his congregations. 
About 1769 he met Benjamin Franklin in 
London, and, getting on friendly terms 
with him, was inspired with a new ardour 
for scientific research. 

In matters of science Priestley was as 
unorthodox as he was in religion, and just 
as vehement in arguing his views. He held, 
for instance, that things burnt because of a 
fiery principle they contained. He was the 
wildest and most brilliant of scientific free- 
lances, and, without knowing it, forged the 
weapon by which lie was overthrown. 
Indeed, he went to Paris and placed the 
instrument of his defeat in the hands of his 
friendly opponent, Lavoisier. In August, 
1774, he was amusing himself by studying 
the action of heat on various substances. 

From red precipitate, or oxide of. mercury, 
he obtained a gas in which a candle burned 
with a remarkably vigorous flame.' He put 
a mouse in the gas, and it grew very lively. 
He breathed some of the gas himself, and 
found it gave him a fine sense of exhilara- 
tion. He had discovered oxygen. In later 
experiments he found other sources of what 
he called “ pure air.” He showed Lavoisier 
how to make oxygen, and the Frenchman 
soon proved that all forms of combustion 
were produced by the oxygen of the air 
entering into chemical combination with 
burning substances. But Priestley fought 
to his death for his non-existent fiery 
principle, mysteriously hidden in all com- 
bustible forms of matter. 

Priestley was a careless, unmethodical 
experimenter, with brilliant flashes of 
originality. He made many important 
discoveries in chemistry, but generally left 
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it to more careful men to develop them 
fully. He started the hares that other- 
bagged. Some of his best work was don* 
between 1773 and 1779, while he was acting 
as literary companion to the Marquis of 
Lansdowne. He had practically no duties, 
and worked at chemistry and travelled 
abroad. But, finding a congregation at 
Birmingham willing to listen to his views on 
religion, he accepted the ministry of a chapel 
there, and remained until 1791. Lansdowne 
allowed him £150 a year, and some frieink 
raised a further sum of money for him, so 
that he might continue his scientific 
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From a photograph by Emery Walker 

researches. His political views were as 
advanced as his religious ideas ; Ink 
writings were condemned in many parts of 
the country, and Burke denounced him in 
the House of Commons. So when Ink 
friends celebrated in Birmingham the taking 
of the Bastille in 1791, an angry mob came 
out to attack the Republicans. They burnt 
Priestley’s dwelling-house and chapel, and 
one of his sons barely escaped with his life. 
Prifcstley went to Hackney for three years 
and in 1795 followed his sons to America. 
He settled in Northumberland, Pennsyl- 
vania, and died on February 6, 1804. 

SIR WILLIAM RAMSAY 
A Modern Transmutationlst 

Sir William Ramsay is descended from a 
line of manufacturing chemists. He 
born at Glasgow, October 2, 1852. Ho 
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received his scientific training at Glasgow 
University, but adopted medicine as his 
profession, and entered the laboratory of 
analyst to gain experience. After study- 
ing under Lord Kelvin, he went to Tubingen, 
and, returning at twenty-one to his native 
town, he became assistant to a chemical 
professor, and afterwards tutorial assistant 
in chemistry at Glasgow University. In 1880 
lie was appointed Professor of Chemistry at 
the University College, Bristol, of which 
institution he was quickly made Principal. 
In 1887 he became Professor of Chemistry 
at University College, London. 

Sir William first became generally’ known 
for the work he did in collaboration with 
Lord Rayleigh in the discovery of argon, a 
now gas in the atmosphere. Afterwards he 
worked on the subject alone, and succeeded 
in isolating neon and several other new 
gaseous elements in the air. In 1895 he 
was still studying argon, and trying to trace 
its presence in certain minerals. One of 
these minerals was eleveite. On heating it- 
in a furnace and throwing its light on a 
spectroscope, he obtained an extraordinary 
spectrum. The lines on it were similar to 
those seen in a spectrum of sunlight in 1868. 
they represented a mysterious, light element 
unknown on earth, and known only to 
astronomers. It was called helium, or 
V sun-matter." Sir William Ramsay’s dis- 
covery of it in the minerals of our earth 
completed one of the most remarkable 
achievements in modern science. 

Helium has since proved to be a more 
extraordinary form of matter than anybody 
dreamt of. In the hands of Sir William 
Ramsay it has entirely upset all ideas of the 
stability of the material structure of the 
universe. Soon after radium was dis- 
covered, two young men of science from 
Cambridge and Oxford, Professor Ruther- 
ford and Mr. Frederick Sockly, were working 
together on the problems of radio-activity 
at Montreal. As a consequence of some 
remarkable discoveries, they suggested that 
one of the products of decomposition of the 
emanation from radium salts would prove 
to be helium. Sir William Ramsay there- 
upon invited Mr. Frederick Soddy to come 
h> London, and collaborate with him in 
working out the real facts of the case. 

The two experimenters dissolved some 
radium in water, and by a very ingenious 
device collected and purified the luminous 
gas that rose above the water, and then 
examined it by means of the spectroscope. 
After the gas had collected for twq days, it 
'vas examined, and the spectrum of helium 


was observed. Ten days afterwards the 
evolution of helium atoms from radium 
atoms was so far advanced that the material 
into which the luminous gas had changed 
was collected. So that the idea of the 
transmutation of the elements, formed in 
the days when mankind was ignorant of 
the existence of the true elements, was at 
last proved to be an actual fact. 

In February, 1913, Sir William Ramsay 
announced to the Chemical Society that 
he had discovered helium in the interior of 
a vacuum glass tube that had been used for 
the production of X-rays. lie first broke 
some old bulbs and burnt the glass, and 
studied the gases obtained from it, and 
obtained the spectra of helium, neon, and 
argon. Then, instead of breaking the 
glass, he heated it and collected the gases, 
and again discovered helium and a small 
quantity of neon. At the present time there 
is a great deal of dispute concerning the 
interpretation of these discoveries. Some 
men of science contend that the glass and 
the metal points in an X-ray tube contain 
helium, which is disengaged by the electric 
charge. If- this is so, many common 
elements that arc supposed to be free from 
all admixture with other forms of matter 
are really adulterated with helium and neon 
and other light materials. Sir William 
Ramsay, however, thinks that it is another 
case of the actual transmutation of matter. 

Repeating his first experiment with 
radium dissolved in water, Sir William has 
recently obtained neon instead of helium. 
Now, the atomic weight of helium is 4 and 
that of oxygen is 16, and that of neon is 20. 
So Sir William suggests that in certain 
circumstances helium and oxygen combine 
to form neon. Some years ago Sir William 
Ramsay and Mr. Cameron obtained lithium 
from copper. Then, working by himself, 
he found that, under the influence of radium 
emanation, silicon gave some carbon 
dioxide, while with thorium, out of which 
gas mantles are largely made, carbon 
dioxide was again obtained. 

The conclusion he draws from these 
experiments is that the element silicon 
tends to break down to carbon, and this 
in the presence of oxygen becomes carbon 
dioxide, better known perhaps as carbonic 
acid gas. At present the theory of trans- 
mutation can scarcely be said to be a 
' generally acknowledged idea in science. 
But if it is at last borne out by widely 
repeated tests, Sir William Ramsay, as the 
main discoverer of the new alchemy, will rank 
among the very greatest men of science. 
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PIERRE SIMON LAPLACE — THE DIVINER 
OF CELESTIAL MECHANICS 
WILLIAM LASSELL— A GREAT DISCOVERER 
OF SATELLITES 

JEAN JOSEPH LEVERR1ER— A DISCOVERER 
OF NEPTUNE 

SIR NORMAN LOCKYER — THE AUTHOR OF 
THE METEORIC THEORY 
PERCIVAL LOWELL — THE STUDENT OF 
MARS 

SIMON NEWCOMB — A BELIEVER IN A 
LIMITED UNIVERSE 

GIUSEPPE PI AZZI— DISCOVERER OF THE 
FIRST ASTEROID 

EDWARD CHARLES PICKERING— MEASUR- 
ER OF THE BRIGHTNESS OF THE STARS 
RICHARD ANTHONY PROCTOR— POPULAR 
INTERPRETER OF ASTRONOMY 

PIERRE SIMON LAPLACE 
The Diviner of Celestial Mechanics 

T his “ Newton of France,” as he lias often 
been styled, was the greatest of the 
band of brilliant mathematicians who com- 
pleted what Sir Isaac Newton had begun, 
and traced out all the workings of the law 
of gravitation in our solar system. The 
corner-stone of this elucidation was Laplace's 
subtle study of the causes of the accelera- 
tion in the movement of the moon, which 
lie published in a paper of the year 1787. 
But the “ Mecaniquc Celeste,” the 
“ Heavenly Mechanism,” was the appro- 
priate title of the great work in which Lap- 
lace finally exhibited the gravitational rela- 
tions of sun, planets, and satellites. Miss 
Agnes Clerkc, the historian of astronomy, 
remarks of this work that " as a mere 
machine, the solar system, so far as it was 
then known, was found to be complete and 
intelligible in all its parts ; and in the 
‘ Mecanique Celeste 1 its mechanical per- 
fections were displayed under a form of 
majestic unity which fitly commemorated 
the successive triumphs of analytical genius 
over problems among the most arduous 
ever dealt with by the mind of man.” 

Pierre Simon Laplace was born at Beau- 
mont-en-Auge on March 28, 1749. He was 
the son of a small farmer, and at an early 
age began to earn his living as a t easier of 
mathematics in his native place. Probably 
the chief motive in the youth of Laplace, 
as in his later life, was a consuming ambition, 
which made an obscure provincial position 
intolerable to him. His opportunity of a 
wider sphere came in 1767, when he secured 
the patronage of D'Alembert, himself an 
able mathematician, by means of a letter 


PTOLEMY— WHO RULED ASTRONOMY FOR 
FOURTEEN CENTURIES 
GEORGE WILLIS RITCHEY — PRINCE OF AS 
TRONOMICAL INSTRUMENT MAKERS 
LORD ROSSE— BUILDER OF A GIANT 
TELESCOPE 

GIOVANNI SCHIAPARELLI— EXPLORER OF 
MARS 

HUGO SEELIGER— STUDENT OF THE CON- 
STRUCTION OF THE HEAVENS 
CHARLES PIAZZI SMYTH— A STAR-GAZER 
AT HIGH LEVELS 

OTTO WILHELM STRUVE — WHO FOUND 
THAT SATURN’S RI NGS ARE FALLING IN 
WILHELM STRUVE— A MONUMENTAL CATA- 
LOGUER OF DOUBLE STARS 
HERBERT HALL TURNER— A MAPPER-OUT 
OF TI1E HEAVENS 

dealing ingeniously with certain problems 
of mechanics. This fortunate introduction 
brought Laplace an appointment as pro- 
fessor of mathematics in the Military College 
of Paris ; and from this time forward his 
career was one of almost uninterrupted 
success, achieved not always by the most 
strictly honourable means, yet certainly duo 
to his extraordinary mathematical ability. 

His first remarkable discovery was made 
with Lagrange in working out the explana- 
tion of the “ long inequality ” of Jupiter 
and Saturn, published in three papers from 
1784 to 1786. His attention having been 
thus concentrated on the giant planet, 
Laplace went on to solve the riddle of his 
satellites, and discovered that the speed of 
the first satellite, added to twice the speed 
of the second, is equal to the speed of the 
third — a formula sometimes referred to as 
Laplace’s law. The discovery of the accel- 
eration of the moon’s motion followed in 
1787, and created a great sensation in the 
scientific world. Laplace had ascertained 
that the eccentricity of the earth’s orbit is 
becoming gradually but very slightly less ; 
and that the effect of this change is slightly 
to increase the mean distance of the earth 
from the sun. This increased distance 
from the sun results in a corresponding 
decrease of solar gravitational influence on 
the moon. And since the effect of the sun’s 
gravitative pull is to enlarge the moon’s 
orbit, any decrease in that pull results in a 
slight contraction of the moon’s orbit, and 
consequently an increase in her velocity. 
Laplace’s estimate of the rate of accelera- 
tion was not, however, altogether correct, 
and has been revised by later students. 

Laplace’s monumental work, the ” Mecan- 
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ique Celeste,” occupied most of his time 
between 1799 and 1825. In these labours 
he borrowed very freely from the works of 
predecessors and contemporaries, and took 
no trouble to acknowledge his literary and 
scientific 4 indebtedness. The result is a 
singularly complete presentation of the 
entire theory. The book gains immensely 
in effect by this unhesitating adoption of all 
that had been done before ; it gives an 
impression as if all astronomical knowledge 
had sprung complete from a single brain. 
This rather unscrupulous method would be 
regarded in our day as intolerable ; but it 
must be remembered that standards in 
these matters were much more lax a 
hundred years ago. This work gave Laplace 
the title of " the Newton of France.” 

A more popular but hardly less ingenious 
work dated from 1796. It was called 41 The 
Exposition of the System of the World/* 
and is chiefly remarkable because it con- 
tained the first pronouncement of the 
“ nebular hypothesis,” which has played scr 
great a part in later astronomical specula- 
tion. The germ of the great idea is 
present only in very embryonic form ; 
indeed, it is suggested merely in a note 
appended to the text, but Laplace leaves 
us in no doubt as to the value which he put 
upon his novel hypothesis. He was per- 
suaded that he had penetrated into the 
central mystery of stellar evolution. 

Laplace’s earliest form of the nebular 
hypothesis represented the sun as already in 
existence, very much as it exists now. The 
sun was 41 surrounded with a vast, glowing 
atmosphere, extending into space out 
beyond the orbit of the farthest planet, and 
endowed with a slow rotary motion. As 
this atmosphere or nebula cooled, it con- 
tracted ; 1 and, as it contracted, its rotation, 
by a well-known mechanical law, became 
accelerated. At last a point arrived when 
centrifugal force at the equator increased 
beyond the power of gravity to control, and 
equilibrium was restored by the separation 
of a nebulous ring revolving in the same 
period as the generating mass. After a 
time, the ring broke up into fragments, all 
eventually reunited in a single revolving 
and rotating body. This was the first and 
farthest planet.” Successive planets and 
their respective satellites were then formed 
in a similar manner. The theory, of course, 
received invaluable confirmation from the 
rings which surround the planet Saturn. 
The original germ of this nebular hypothesis 
came from Kant, who, though no astrono- 
mer, made two or three surprising guesses. 
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Laplace, however, was the true originator 
of the theory as a serious explanation of the 
genesis of the solar system ; and, although 
the idea has been much enlarged, it remains 
as the basis of modern speculation into the 
method of cosmic evolution. 

Until his death, Laplace continued his 
studies in mathematical astronomy, and 
published also papers in pure mathematics. 
The most important of the latter was his 
44 Analytical Theory,” which appeared in 
1812, dealing with the profound subject of 
the theory of probabilities. 

Laplace received all kinds of scientifir 
honours, but hungered also for political 
advancement. In this pursuit he followed 
the inglorious tactics of the Vicar of Bray. 
Having secured Napoleon’s favour, hi* 
became first a member of Senate and then 
chancellor, and was created an officer of the 
Legion of Honour and ennobled. In 1814, 
however, when the tide had set against 
Napoleon, Laplace joined his opponents, 
and thus earned, in 1817, the title of mar- 
quis. His last years were passed at 
Arceuil, where he died on March 5, 1827. 

WILLIAM LASSELL 
A Great Discoverer of Satellites 

William Lassell was born at Bolton, in 
Lancashire, on June 18, 1779, an d at the age 
of sixteen was apprenticed to a Liverpool 
merchant for seven years. Having long 
had a great interest in astronomy, but 
unable to afford to buy instruments, he 
set to work laboriously to make himself 
a telescope. In the end, this self-taught 
astronomer came to rank almost with Sir 
William Herschel for his skill in producing 
telescopic reflectors. His interest in the 
.matter had dated from early years, for it 
is recorded that, as a child of four years old, 
he used to delight in polishing lenses. 

William Lassell’s opportunity came in 
1825, when he was able to start in business 
on his own account as a brewer. Soon lie 
succeeded very well, for in 1840 he was able 
to build an observatory at Starfield, near 
Liverpool, where he set up a Newtonian 
reflector of his own construction. It was <>i 
nine-inch aperture, and was mounted equa- 
torially. But, like Herschel, Lassell was 
always keen to produce something better 
than was known before. He invented a 
machine for polishing telescopic mirrors, 
with which he was able to produce a wonder- 
fully fine surface, and in 1846 mounted in 
his own observatory a new telescope 
twenty feet in focal length, with a speculum 
two feet in diameter. 
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This also was mounted equatorially, and 
Lassell's reputation rests partly upon his 
application of equatorial mounting to the 
telescope. Ever since 1620, when Scheiner 
had attempted to connect a telescope with 
an axis directed to the Pole, there had been 
many attempts at some device which should 
make it possible to keep a telescope pointed 
to the same regions of the heavens by coun- 
teracting the rotation of the earth. 

Herschel had a most elaborate and com- 
plicated mechanism of pulleys and levers for 
moving his thirty-foot telescope, but this 
required several workmen to be always in 
attendance. The first really satisfactory 
arrangement was a Clockwork device ap- 
plied by Fraunhofer, at Dorpat, in 1824. 
Hut Lassell's improvement, according to 
the testimony of Sir John Herschel, marked 
a new epoch in the development of that 
eminently British instrument the reflecting 
telescope. Even the largest telescopes are 
now mounted equatorially. 

Lassell was also an observer of wonderful 
ability. He described an eclipse of the sun 
in 1842, and in the following three years he 
was able, with his nine-inch telescope, to 
follow the movements of comets long after 
they had been lost to all other telescopes. 
The twenty-foot immediately yielded most 
important discoveries. In the first year in 
which it was set up, Lassell turned it upon 
the newly discovered planet Neptune, and 
discovered a satellite revolving in the 
rctrogade direction. Two years later he 
discovered the eighth satellite of Saturn, 
Hyperion, at the same time as it was dis- 
covered by Bond at Harvard ; and in 1851 
lie discovered two satellites of Uranus. 
Herschel had, in 1787, discovered the first 
two satellites of Uranus— Oberon and 
Titania — and in 1798 believed that he had 
discovered four more. But these four were 
really among HerscheTs very rare optical 
illusions, as Lassell was able to prove. 

In July, 1851, Lassell was in Sweden for 
the occasion of the total solar eclipse of that 
year, and during the following winter he 
was in Malta. In Malta he made many 
observations, with the twenty-foot, of the 
Orion nebula and of Saturn's ring. In 
1 ^>i he again went to Malta, this time 
taking with him a new instrument, which 
he had constructed in the interval. It was a 
magnificent reflector, thirty-seven feet in 
J°cal length, and with an aperture of four 
f ee t, its tube being composed of latticed 
! r °n, in order to provide against variations 
ln temperature. With this instrument Lassell 
made a careful study of nebulae, of many of 


which he made excellent drawings. He 
discovered six hundred nebulae, and these 
he carefully catalogued. 

After this second visit to Malta, Lassell 
moved his observatory to Maidenhead, 
where he lived for the rest of his life. He 
continued to observe, to publish his results 
in papers up to within a few years of the 
end of his life, and to attend the meetings 
of the Royal Astronomical Society until 
his death, on October 5, 1880. 

URBAIN JEAN JOSEPH LEVERRIER 
A Discoverer of Neptune 

Urbain Jean Joseph Leverricr, who dis- 
covered, simultaneously with John Couch 
Adams, the planet Neptune, was born at 
Saint-Lo, in Normandy, on March ir, 1811. 
His father was a minor Government 
official. Leverrier was educated first at 
Saint-Lo, then at Caen, afterwards at the 
College of St. Louis, Paris, and finally at the 
Polytechnic School of Paris, where, in 1837, 
he became professor of astronomy. He was 
from this time altogether absorbed in 
mathematical studies of the movements of 
the* planets, and soon gave evidence of 
astonishing mathematical abilities. Two 
papers, read before the Academy of Sciences 
in 1839, were the occasion of an introduction 
to Arago, and on Arago’s advice he set out 
on the enormous task of solving the elusive 
problem of the erratic movements of the 
planet Uranus. His results appeared in a 
series of papers, of which the last appeared 
on August 31, 1846. The actual discovery 
of the new planet followed, on September 23 
of the same year, and Leverrier achieved 
at one step a prodigious reputation through- 
out the scientific world. 

The story of this wonderful mathematical 
discovery has been already told in our 
chapter on the planet Neptune. Unfortu- 
nately for the great French astronomer's 
reputation, its sensational interest has 
eclipsed his other labours, many of which 
were of equal if not of greater scientific 
value. Thus, he made most valuable re- 
searches into the sun’s parallax, and fixed 
the orbit of several swarms of meteors. 

Leverrier was appointed, in 1854, director 
of the Paris Observatory, in succession to 
Arago. He carried out certain very necessary 
reforms, but with such uncompromising 
ardour that his subordinates revolted, and 
in 1870 he was removed from his post for 
two years, to be reinstated, however, on the 
death of Delaunay, who had succeeded him. 
He died on September 23, 1877. 
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SIR JOSEPH NORMAN LOCKYER 
The Author of the Meteoric Theory 

Joseph Norman Lockyer, one of the 
greatest spectroscopic students of the sun 
and stars, was born at Rugby on May 17, 
1836. From an early age he gave his whole 
mind to astronomy, and his rapid progress 
may be judged from the fact that in i860 he 
read a remarkable paper on Mars to the 
Royal Society, of which he was in the same 
ear elected a Fellow. The great possi- 
ilities of the spectroscope, in the study of 
astrophysics, had already attracted him to 
that field of science in which he was to win 
his renown. In 1866 he had devised a 
modification of the spectroscope for study- 
ing the flaming prominences of the sun, but 
the tardy makers were not able to deliver 
the instrument until October of 1868. In 
August of the same year Janssen had 
independently devised the same improve- 
ments, and the two astronomers, practically 
simultaneously, revealed the stupendous 
jets of blazing gas and molten metal which 
issue from our luminary. 

With the aid of the spectroscope, Sir 
Norman Lockyer has made most elaborate 
investigations into the number of the 
chemical elements which are known to us on 
earth, and arc to be found also in the sun. 
The inquiry was attended by great difficulty, 
owing to the doubtfulness of the spectro- 
scopic record of certain elements ; and of the 
thirty-three which he recognised some were 
afterwards found to be illusory. It is now 
fairly generally believed that certain sub- 
stances exist in the sun in very different 
conditions from those in which they exist on 
earth, and that the spectra given by their 
light differs somewhat in the two cases. 

In 1870 vSir Joseph Norman Lockyer was 
appointed lecturer on astronomy at the 
Normal School of Science at South Kensing- 
ton, and received later an appointment also 
as professor of astronomical physics. 

We have dealt very fully in an earlier 
chapter with Sir Norman Lockyer’s meteoric 
hypothesis, and also with his spectroscopic 
work on the sun ; and the facts there detailed 
need not be repeated. His work on the 
“ Meteoric Hypothesis ” was published in 
1887, and the theory was further elaborated 
in a book which appeared in 1897, entitled 
“ The Sun’s Place in Nature.” The fun- 
damental idea of all this work is that “ all 
self-luminous bodies of the celestial space 
are composed either of swarms of meteorites 
or of masses of meteoric vapour produced by 
heat. The heat is. brought about by the con- 
densation of meteor swarms due to gravity, 
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the vapour being finally condensed into a 
solid globe.” He regards nebulae as consist- 
ing of swarms of meteors, and as being the 
coolest of heavenly bodies, the temperature 
rising through various classes to the 
supremely hot Sirian type, and falling again 
to extinction in the dark stars. The 
hypothesis- explains, all the phenomena of 
the heavens by meteoric collision. 

Sir Norman Lockyer's many books on 
astronomical subjects include “ Elementary 
Lessons in Astronomy,” 1871 ; “ Contribu- 
tions to Solar Physics/’ 1873 ; “ The 
Spectroscope and its Application,” 1873 ; 
“ Primer of Astronomy,” 1874 ; “ The 
Chemistry of the Sun,” 1887 ; “ The 

Meteoric Hypothesis,” 1890 ; $nd “ In- 
organic Evolution,” 1900. In 1871 he was 
Rede Lecturer at Cambridge ; in 1874 
Bakerian Lecturer to the Royal Society ; 
and in 1874 h e was awarded the Rumford 
medal. He was created K.C.B. in 1897. 

PERCIVAL LOWELL 
The Student of Mars 

Professor Percival Lowell, whose interest- 
ing personality and work have already been 
noticed in an earlier chapter, was born in 
Boston on March 13, 1855. of a family 
celebrated in the United States for the varied 
accomplishments of its members. The 
poet James Russell Lowell was cousin of 
the astronomer’s father. From childhood 
Mr. Percival Lowell was greatly attracted 
by the mysteries of the heavens, and after 
graduating at Harvard, in 1876, he began 
to write and lecture upon the nebular 
hypothesis, in which he was an ardent 
believer. Soon after leaving the university, 
however, Mr. Lowell spent some years in 
Japan and Korea. He had a warm regard 
for Japan and its people, and this feeling 
was fully reciprocated. He has written 
books and articles on Japan and Korea, and 
in 1883 was attached to the Korean Embassy 
to the United States. 

Though Professor Lowell has done much 
varied astronomical work, it is with the 
fascinating and tantalising study of the 
planet Mars that his name is principally 
associated. The detailed study of the 
surface features of planets is, of course, a 
novelty within recent years, and has 
aroused enormous interest, perhaps because 
of the sinister hints which it affords with 
regard to the probable future of this world 
of ours. The Italian astronomer Schiaparelli 
opened up the subject of Mars, but Professor 
Lowell has far surpassed his master. 

In the early ’nineties, especially, there was 
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threat popular interest in Mars, owing to the 
discovery of the so-callcw “ canals,” which 
still constitute an open question of astron- 
omy. There are so few men in the world 
',vho are competent to express an opinion 
;it all in the matter, and their views arc so 
hopelessly diverse, that we must be content 
to wait indefinitely before we shall know 
what the strange markings on Mars have to 
tell us. But scepticism is never so attrac- 
tive as belief, and therefore Professor 
Lowell's speculations are extremely engag- 
ing. In the year 1894 he set up his wonder- 
lnl observatory at Flagstaff, Arizona, with 
the express purpose of studying the planet 
Mars under the best possible conditions. 
Professor .Lowell is convinced that the site 
is the most important consideration in 
planning an observatory, and that clear air 
is worth more than powerful lenses. 

The great series of observations on Mars 
was begun in 1895, and in the end of that 
year Mr. Lowell was able to publish his 
views in a volume entitled “ Mars.” He 
follows Schiaparelli in regarding the 

canals ” as actual waterways, lined on 
each side by areas of vegetation due to 
irrigation, and believes with Professor 
Pickering that the lines which we see on the 
surface of the planet are these strips of 
fertile country, and not the waterways 
themselves. The canals are supposed to 
distribute over the face of the planet the 
water which is supplied by the seasonal 
inciting of the Polar ice-caps. 

Professor Lowell has also observed Mer- 
cury and Venus with conspicuous success, 
discovering that, contrary to what was 
formerly supposed, each of these planets 
rotates once on its own axis during the 
period in which it travels once round 
the sun. He thus demonstrated that, as 
the moon turns always the same face to 
the earth, so both Venus and Mercury 
always turn the same face to the sun. 
Mr. Lowell was appointed, in 1902, professor 
°1 astronomy at the Massachusetts Insti- 
tute of Technology, and his first course of 
lectures, which was brilliantly succeessful, 
lias been published in the volume “ The 
80! ar System,” 1903. 

SIMON NEWCOMB 
A Believer in a Limited Universe 

Simon Newcomb was a Canadian, born at 
Wallace, Nova Scotia, on March 12, 1833. 
He was intended for a farmer, but soon 
found he had no taste for agriculture, 
so was sent to his grandfather in New 
Brunswick to learn the trade of a carpenter. 


Here he fell in with a herbalist quack 
doctor, to whom he was persuaded to 
apprentice himself, but after two years, in 
which he learned nothing, he ran away to 
his father, who was now settled in New 
England. After some time spent in teach- 
ing, he at last got a post more suited to his 
remarkable mathematical abilities— namely, 
that of computer on the V American 
Nautical Almanac.” He graduated in 1858 
at the Lawrence Scientific School at Har- 
vard, and continued to make a special study 
of mathematics until, in i860, he was 
chosen to accompany a party sent to 
Saskatchewan for the eclipse of that year. 

In 1861 Newcomb became professor of 
mathematics in the United States Navy, 
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and astronomer in charge of the Naval 
Observatory. In 1877, after refusing the 
position of director of the Harvard College 
Observatory, he became superintendent 
of the “ Nautical Almanac.” Telescopic 
observation of the heavens was never his 
real vocation ; he was primarily a mathe- 
matician, and his most important researches 
all belonged to the department of mathe- 
matical astronomy. He retained his* posi- 
tion at the head of the “ Nautical Almanac ” 
for twenty years, and retired only on 
reaching the age limit in 1897. • In 1884 he 
became professor of mathematics and 
astronomy in the Johns Hopkins University, 
Baltimore. He received many honours 
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from scientific societies before his death, at 
Washington, on July n, 1909. He had 
been made a rear-admiral of the United 
States in 1906. 

Professor Newcomb achieved a well- 
deserved reputation for his admirable work 
in computing the orbits of all the planets, 
for his studies on the orbital movements of 
the moon, and especially for his investiga- 
tions of the movements of the “ fixed 
stars/* which are now known to be so very 
far from fixed. His laborious researches 
into the motions of the stars led him to the 
conclusion that the normal velocity of our 
sidereal system is twenty-five miles per 
second ; and he therefore considered such 
stars as 1830 Groombridge, with its velocity 
of 200 miles in a second, to be a “ run- 
away ** star, and a mere passing visitor. 

Newcomb’s work went far to establish the 
very generally accepted belief that the 
universe is limited in extent, and that its 
boundary is indefinite and irregular. By 
means of a very elaborate process of count- 
ing the stars which are visible, or, rather, 
can be photographed, in every field of the 
heavens he showed that the darker regions 
of the Milky Way are only slightly richer in 
stars than other parts of the heavens, 
while the bright areas are between sixty and 
one hundred per cent, richer than the dark 
areas, and thus inferred the existence of a 
distinct unity of plan in the structure of 
the visible universe. 

Professor Newcomb published several 
books on astronomical subjects, including 
“ Popular Astronomy/* 1878 ; “ The Stars,** 
1901 ; “ Astronomy for Everybody,” 1903 ; 
and an autobiography under the title of 
“ The Reminiscences of an Astronomer/* 
1903 ; and a “ Compendium of Spherical 
Astronomy ** in 1906. His mind, as is more 
characteristic of Americans than of Britons, 
had a wide range of interests, and he was 
known also as a writer on political economy, 
and even as a novelist. 

GIUSEPPE PIAZZI 
Discoverer of the First Asteroid 

Giuseppe Piazzi, the famous Sicilian 
astronomer, was born on July 16, 1746, at 
Ponte, in Italy. A youth of profound and 
varied learning, he was professed a monk 
in the Thcatinc order, and became well 
known at first as a teacher of philosophy 
and theology, but in 1780, at the age of 
thirty-four, was appointed professor of 
mathematics in the University of Palermo. 
From mathematics he passed more and more 
to astronomical studies, and travelled in 
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order to acquire practical experience of tin 
methods which obtained in contemporary 
observatories. Under the patronage <i 
Prince Caramanico, viceroy of Sicily, Ik 
set up in 1791 an observatory, which wa; 
built upon one of the towers of the viceroy’; 
palace. The position proved extremely 
advantageous for telescopic observations 
Piazzi’s earliest labours were directed t( 
the compilation of a catalogue of stars, wit! 
their positions defined with the most 
sedulous precision. Such a work was 
greatly needed. The already existing cata- 
logues of stars included a large number o| 
celestial objects, but the positions whirl; 
were given for them were only approxi- 
mately correct ; and a great deal of calcula- 
tion was still necessary in order to allow for 
refraction, precession, and other qualifying 
factors. Piazzi completed two catalogues, 
published in 1803 and 1814. These in- 
cluded about 7000 stars, and were a 
great advance on anything previously 
attained, though they were destined ti 
be superseded by Bessel’s “ Fundaments 
Astronomic/* and other later works of the 
same nature. 

While engaged upon his first catalogue, 
Piazzi came upon a moving body which lie 
interpreted as an unusually definite comet 
without tail or coma, but which presently 
turned out to be a new planet, and was, in 
fact, the first of the many asteroids whirl; 
have since been discovered. Piazzi de- 
tected this body on January 1, 1801, but 
after watching it for some time he fell ill, 
and it was lost ; and it was only re- 
discovered a year later by means of the 
calculations of the prodigious mathenui- 
t ic ian G auss. Piazz i named t his first- known 
asteroid “ Ceres,” in honour of Sicily. 

Piazzi accomplished a great variety of 
most valuable work at Palermo. Thus, 
lie was the first to notice, in 1792, the large 
proper motion of 61 Cygni, and to point 
out that this probably indicated com- 
parative nearness to our solar system. 
Again, he expended a vast amount of 
labour in searching for stellar parallaxes, 
and claimed to have • discovered these 
apparent mpvements, of very considerable 
size, in the case of Sirius, Procyon, Vega, 
and Aldebaran ; but it has since been 
shown that his results were actually due 
to the imperfections of his appliances. 
Nevertheless, in the great vertical circle 
made for him by Ramsden in 1789, h c 
possessed the finest instrument of the time 
for determining celestial positions. Pia/zi 
died at Naples on July 22, 1826. 
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EDWARD CHARLES PICKERING 
Measurer of the Brightness of the Stars 

Edward Charles Pickering, one of the 
greatest of American astronomers, was 
born in Boston, Massachusetts, on July 19, 
1846. He was greatly interested in science 
irom his earliest years, and as a boy he 
constructed a telescope, tailless kite, camera 
obscura, and an electrical machine. He also 
flevised a perpetual calendar and a plani- 
sphere, and was an expert amateur photo- 
grapher in the days when there were not 
oven many professionals. 

His school education was unfortunately 
almost entirely classical, but in 1862 lie 
entered the Lawrence Scientific School of 
Harvard University, studying especially 
mathematics, chemistry, physiology, and 
mineralogy, and graduating with high 
honours. He was at once offered a position 
in the school as teacher of mathematics ; 
in 1867 he was promoted to a better ap- 
pointment in the Massachusetts Institute 
of Technology, and was soon after made 
Thayer Professor of Physics. He organised 
and developed the first physical laboratory 
in the United States, and prepared a text- 
book, entitled “ Physical Manipulation,' " 
which remained for forty years the chief 
manual on the subject. Among his prac- 
tical inventions was a telephone receiver 
having a flexible diaphragm, constructed 
in 1870; this was exhibited before the 
American Association, and proved an 
effective instrument for speech at a distance. 

In 1876 Professor Pickering was appointed 
director of the Astronomical Observatory 
of Harvard University, and still holds this 
position. His first, and in some respects the 
most notable, work was in stellar photo- 
metry. For this purpose he devised the 
“ meridian photometer,” an instrument so 
constructed as to show at the same time a 
direct image of the star to be measured, 
and the reflected image of the Pole Star, 
which he took as a standard, second-mag- 
nitude star. One of these images having been 
modified by polarisation until the images 
of the two stars appear of precisely equal 
brilliancy, and the degree to which the 
former had been modified having been read 
0 ft' on a scale, the observer can see at a 
glance the difference of magnitude, and 
thus a precise measure of brilliancy is ob- 
tained. Many thousands of stars were 
measured with this instrument. Professor 
Pickering then made another and larger 
Photometer on the same principle, and with 

measured the brilliancy of many more 
stars. Further, one of these instruments 


was sent out to the southern hemisphere, 
and similar measures were made of the 
southern stars. 

In 1886 increased means permitted a 
great extension of the work of the observa- 
tory. A station was established in Arequipa, 
Peru, and was equipped with instruments 
like those in Cambridge. Since then the 
principal researches undertaken at Harvard* 
have been, made to include all portions of 
the sky, from the North Pole to the South 
Pole. In 1890 Professor Pickering pub- 
lished his catalogue of stellar spectra, a 
work which he had undertaken as a memo- 
rial to Professor Draper. 

It includes investigations of the spectra of 
10,351 stars, covering the northern hemi- 
sphere and part of the southern. Ample 
material is thus provided for researches into 
the nature and distribution of stars ; and 
Professor Pickering himself at once pro- 
ceeded to examine its records in order to 
ascertain the distribution of the stars of the 
various types. He found that while most 
classes are fairly equally distributed, stars 
of the first, or “ Orion," type cluster near 
the Milky Way. Professor Pickering arrived 
at ‘the conclusion that tlie Milky Way is 
" a distinct cluster of stars, to which, from 
its composition and age, the sun does not 
seem to belong." 

With regard to the evolutionary history 
of the stars, a problem to which he has given 
much attention, Professor Pickering agrees 
with Vogel. “ In general," he concludes, 
“ it may be stated that, with a few excep- 
tions, all the stars may be arranged in a 
sequence, beginning with planetary nebulae, 
passing through tlie bright-line stars to the 
Orion stars, thence to the first -type stars, 
and by insensible changes to the second and 
third type stars. The evidence that the 
same plan governs the constitution of all 
parts of the universe is thus conclusive." 

It was in the course of the photometry of 
stellar spectra for his famous catalogue 
that Professor Pickering made a most 
important discovery — namely, the discovery 
of spectroscopic binaries. The phenomenon 
was actually first seen by a lady assistant 
at the Observatory, Miss A. C. Maury. It 
was confirmed shortly afterwards by Pro- 
fessor Vogel’s similar discovery at Potsdam, 
and a most fruitful branch of research was 
thus opened up to astronomy. 

Meanwhile, Professor Pickering was also 
carrying out a very ambitious scheme in 
astronomical photography, on a larger scale 
and on a different plan from any in use 
elsewhere. More than two hundred thousand 
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overlapping photographs have been ob- 
tained, covering the entire sky many times ; 
and this unique collection furnishes the only 
available record of the principal events in 
the stellar universe occurring during the 
last quarter of a century. By means of this 
great sky-chart many new and temporary 
stars have been discovered, including the 
new stars of 1887 in Perseus, of 1893 in 
Norma, of 1895 in Argo, of 1895 in Cen- 
taurus, of 1898 in Sagittarius, and of 1900 
in Aquila. 

Professor Pickering has also given much 
attention to variable stars, especially to 
short-period variables of the Algol type ; 
and he was the first to suggest the cclipsing- 
satellite theory of the latter, a conjecture 
which has now been fully established by 
spectroscopic investigations. He has also 
made photometric observations of the 
planets, asteroids, and satellites, and has by 
this means determined the sizes of many of 
the asteroids, and of the satellites of Mars. 

Among the honours conferred on Pro- 
fessor Pickering arc the membership of the 
Royal Society of London, the French 
Academy of Sciences, the Royal Prussian 
Society, the Imperial Academy of St. Peters- 
burg, and the Academia dei I.incei ; he has 
received many honorary degrees and medals 
of learned societies, and is the only living 
American who possesses the Prussian 
“ Ordre pour le merite.” He has unques- 
tionably made an indelible mark in the 
history of astronomy. 

RICHARD ANTHONY PROCTOR 
Popular Interpreter of Astronomy 

Richard Anthony Proctor was born at 
Chelsea on March 23, 1837. His father, a 
well-to-do solicitor, died in 1850, leaving his 
family impoverished for years by a long 
lawsuit, so that Richard was obliged to take 
a post, in 1854, as clerk in a London bank. 
After a time, however, the family fortunes 
somewhat recovered, and Proctor was able 
to proceed to the university. With the aid 
of a scholarship, he entered St. John’s 
College, Cambridge, in 1855, and plunged 
with enthusiasm into the studies of mathe- 
matics and theology. In his second year, 
however, he married, and his work, as was 
only to be expected, suffered in conse- 
quence, so that, instead of fulfilling the 
brilliant expectations which were enter- 
tained for him, he graduated only as twenty- 
third wrangler. 

On leaving the university, Proctor read 
for the Bar, but soon became tired of the 
law, preferring to give his attention to 
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science. His first essay in astronomical 
writing, in the form of an article on double 
stars, appeared in the “ Comhill,” in 1865. 
This was followed by a short but very 
notable work on 0 Saturn and his System," 
which brought his name to the notice of the 
scientific world. 

New financial reverses, which deprived 
him of his income, and threw him back upon 
his own efforts for maintenance, made it 
imperative to devote himself to literary 
hackwork, and from 1866 he toiled inces- 
santly for five years without so much as a 
day’s holiday. His articles were chiefly on 
astronomical subjects, but included a variety 
of others. It was weary, uphill work at first, 
for he had not made his name, and had 
difficulty in getting work. He asserted that 
he would willingly have turned to stone- 
breaking, or any other form of hard, honest, 
but unscientific labour, if a modest com- 
petence had been offered him, 

Gradually, however, liis work became 
known and valued, lie was assisted by 
friends to publish several books, and in i8f».s 
his “Half-Hours with a Telescope ” was 
written for publishers who paid him £25 for 
it. It was the first of his works to acquire 
that wide popularity which many of hi* 
later writings enjoyed, and before he died 
he had seen twenty editions of 1 his book. 

It was not until 1873 that Proctor began 
lecturing in astronomy. He visited the 
United States and Australia, and in both 
countries achieved immediate and enormous 
success on the public platform. In these 
lectures, as in his writings, his wonder! ul 
power of lucid exposition made his work 
extraordinarily effective in popularising 
astronomy, and in correcting prevalent 
errors by showing their unscientific basis. 

Proctor’s wife died in 1879, an< d tw0 > T: ! 1S 
later he married again. His second wile 
was a widow living at St. Joseph, Missoni i. 
Proctor consequently went to live there,- and 
remained in Missouri until 1887, when lie 
moved with his family to Orange Lake. 
Florida. He died in New York on September 
12, 1888, while on a business journey to 
England. He had all this time retained an 
intimate connection with England. He 
wrote papers for the “ Monthly Notices ” 
of the Royal Astronomical Society, and in 
1881 founded the weekly scientific paper 
“ Knowledge,” published in London, which 
has since become a monthly. He continued 
to issue books, chiefly on astronomical 
subjects, but sometimes on topics of more 
general interest. During his lifetime he 
published as many as fifty-seven volumes. 
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and at his death left one unfinished, “ The 
Sc w and Old Astronomy/' which was 
edited and completed by Ranyard in 1892, 
Among the more popular of his books are 
“ Other Worlds than Ours," “ Star Atlas," 
“Elementary Astronomy," "The Orbs 
Around Us," “ Our Place Among Infinities," 
“ The Sun," and “ Transits of Venus." 

Proctor was not, however, by any means 
a mere exponent of results which had already 
been arrived at, although perhaps his most 
important services to science lay in that 
direction. He pursued researches on his 
[)\vn account, and some of these have been 
of considerable value. His investigations 
into the rotation period of the planet Mars 
resulted in a determination which has been 
said to be of a precision unapproachcd in the 
rase of any other heavenly body except 
that of the earth itself. The period was 
worked out by Proctor to minute fractions 
of a second. 

His researches into the constitution of the 
Milky Way elucidated the independent 
nature of this structure. It is to Proctor, 
as the late Miss Agnes Clerke remarks, that 
we owe the discovery that " the stars form- 
ing the galactic stream are not only situated 
more closely together, but are also really, 
as well as apparently, of smaller dimensions 
than the lucid orbs studding our skies. By 
the laborious process of isographically chart- 
ing the whole of Argelander's 324,000 stars, 
he made it clear, in 1871, that the brighter 
stars show, in their distribution, a detailed 
relationship to the complex branchings of 
the Milky Way, avoiding, to a marked 
extent, its vacuities, and thronging its 
denser convolutions. It follows that they 
must be actually intermingled with them. 
80 that, for every triton sun, there are 
doubtless swarms of minnows." 

Another amazing phenomenon, brought 
to light by Proctor’s indefatigable charting 

this time by the charting of stellar proper 
motions- -was what he himself called " star- 
drift.” Large groups of stars, often at great 
distances apart, and with no other apparent 
connection, were found to progress together 
at the same rate and in the same direction 
across the sky. The reality of this common 
drift has been proved by the spectroscope. 
The immensity of the system revealed by 
this common star-drift is quite unthinkable, 
the stars being, in most cases, infinitely 
remote, and consequently at enormous 
distances from one another, yet they are 
found to be united by some mysterious tie. 

These important discoveries show how 
far Proctor's astronomical work was from 


being merely popular or expository. Thev 
prove him to have been a profound as well 
as an exceptionally lucid thinker, and to 
have penetrated far into the secrets of the 
celestial system which he did so much to 
elucidate for others. 

PTOLEMY 

Who Ruled Astronomy for Fourteen Centuries 

Claudius Ptolemams, the great expounder 
and perfectcr of the older geocentric system 
of astronomy, lived in the second century 
of our era. Almost nothing is known of his 
life, except that he was a native of Alex- 
andria, and that he made observations as 
early as 127 a.d. and as late as the year 150. 

Besides being the greatest astronomer of 
his day, Ptolemy became illustrious for his 
work in pure mathematics, which marks 
the beginning of the study of trigonometry, 
and still remains the foundation of that 
science. He was also an eminent geo- 
grapher, and in this subject, as well as in his 
astronomical teaching, was known to Roger 
Bacon, who carried forward his geogra- 
phical theories after eleven centuries. 

It was by his astronomical system, how- 
ever, that Ptolemy rendered his greatest 
service to science, and it is with the treatise 
relating to this system that his name will be 
immcmorially connected. The modern pro- 
gress of knowledge, which has gained so 
much by the refutation of the system ex- 
pounded in the “ Almagest," has embodied 
the record of this work in the history of its 
forward march. In the “ Almagest," or 
“ Syntaxis," Ptolemy reviews the theory 
of astronomy as far as it had been carried by 
Hipparchus, whose theories he improved 
and corrected in many directions, notably 
with regard to the lunar theory and the 
planets. The theory of the sun, on the 
other hand, lie left as Hipparchus had 
formulated it ; and the consequence is that 
his tables gave very erroneous values, 
inasmuch as the theory of Hipparchus had 
made the mean motion of the sun too small, 
and the error in the course of the inter- 
vening three centuries had grown to be very 
considerable. 

Ptolemy adopted the system .of epicycles 
and eccentrics used by his predecessors, 
using it, indeed, as a mere geometrical device 
to explain the observed motions, and not 
professing to give thereby a representation 
of the actual system of the universe. He 
accepted as a working basis the views 
generally held at the time with regard 
to the construction of the world, and 
endeavoured to bring together into one 
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complete and adequate theory all that was 
known of astronomical science. Thus, his 
ground-plan consisted of a heavenly sphere 
carrying the fixed stars and turning upon 
a fixed axis, with the earth, an infinitesi- 
mally small body in comparison with the 
heavens, at its centre. 

Ptolemy denied any motion, either of 
rotation or translation, to the earth, main- 
taining that, if there were any such motion, 
it would be in proportion to the earth’s 
great mass, and that consequently animals 
and other objects would be thrown outwards 
by centrifugal force, and would be left 
behind in space ! The arrangement of 
the planets, from the earth outwards, was 
in the following order : Moon, Mercury, 
Venus, Sun, Mars, Jupiter, Saturn. The sun 
and moon were usually regarded as of the 
number of the seven planets, but Ptolemy 
docs, in fact, in considering the motions 
of the planets, refer to them as “ the five 
wandering stars,” and distinguishes them 
from the sun and moon. 

Hipparchus had left his theory of the 
moon incompletely developed, confessing 
that there remained certain inequalities 
for which his calculations failed to account, . 
but leaving the nature and explanation 
of these inequalities to future investigation. 
Nothing was added to his ancient work, 
however, until Ptolemy attacked the pro- 
blem, and at last succeeded, by means of a 
combination of epicycle and eccentric, in 
formulating a theory which allowed of the 
determination of the moon’s apparent 
place with an accuracy as close as was prac- 
tically necessary in his time, when instru- 
mental efficiency did not make it possible 
to ascertain the positions of heavenly 
bodies within a possible error of io\ 

With the same care and mathematical 
ingenuity, Ptolemy corrected the theory 
of each of the planets. The motions of 
these bodies presented great difficulties, 
which is not surprising when we consider 
that the complicated observed motions had 
to be explained in the light of an earth- 
centred universe, and by means of com- 
binations of circular motions. Yet Ptolemy 
achieved considerable success in this task. 
As Mr. Dreyer says : “ That the system as a 
whole deserves our admiration as a ready 
means of constructing tables of the move- 
ments of sun, moon, and planets cannot 
be denied. Nearly in every detail (except 
the variations of distance of the moon) it 
represented geometrically these movements 
almost as closely as the simple . instruments 
then in use enabled observers to follow 
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them, and it is a lasting monument to the 
great mathematical minds by whom it was 
gradually developed. It appears from 
many statements, not only of Ptolemy 
himself, but also of his commentators, that 
they merely considered the numerous circles 
as a convenient means of calculating the 
positions of the planets.” 

Ptolemy was acquainted with the pheno- 
menon of precession, discovered by Hip- 
parchus, and corrected the value found for 
it by the latter to the roughly approximate 
and convenient figure of 36" a year, or 
one degree in a hundred years. But it 
was not until centuries later that the true 
value of Ptolemy’s work came to be ap- 
preciated. In the intervening centuries-- 
that is, after a short period of fame and 
commentaries — a narrow-minded Chris- 
tianity swept away all the vast treasures of 
pagan thought, and astronomy began to 
be fettered by a pseudo-scientific and too 
literal interpretation of Scripture. 

Until the seventh century, the achieve- 
ments which had been made in astronomical 
science by the ancients may be said to have 
been practically non-existent for Christian 
Europe. The earth was again regarded as 
flat, with the heavens spread tent-like over 
it, while the setting sun passed behind a 
northern barrier or wall. The “ waters 
above the firmament ” were a peculiarly 
tyrannical feature of early mediaeval cos- 
mology, and constantly appear as an im- 
portant agent in qualifying the heat of sun, 
moon, and stars, or even as a provision for 
the future final extinction of these fiery 
bodies. Occasionally a more enlightened 
teacher, such as Isidore of Seville in the 
sixth century, would venture to put for- 
ward tentatively, as “ a doctrine which has 
been taught,” the theory of a spherical 
earth, or of a spherical revolving heaven. 
By the next century these opinions bad 
considerably gained ground, and are boldly 
stated by the Venerable Bede in his treatise 
“ Of the Nature of Things.” Bede returns 
to the spherical earth, the seven planets 
(including, of course, the sun and moon) 
revolving about it, and to the fact of the sun 
being much larger than the earth ; l* e 
adheres, however, to the inevitable wafers 
above the firmament, in spite of having 
asserted the sphericity of the heavens. 

From this time onward we find a gradu- 
ally increasing acquaintance with the works 
of the Greeks, and at last, in the thirteenth 
century, a clear exposition by Thomas 
Aquinas, following Ptolemy in many points, 
of Aristotle’s book on the oM the 
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t artli. Roger Bacon in the same century 
also knew and taught the Ptolemaic theory, 
with great independence of thought. From 
i his time onward, consequently, we find a 
^rowing discontent with the spoon-fed 
doctrines which took the place of science ; 
and one of the earliest indications of this 
spirit was a desire for first-hand acquaint- 
ance with the writings of Ptolemy himself. 
The spirit of ancient Greece sent a breath of 
new life over the mind of Europe, and 
astronomy benefited, as much as any science, 
trom the fresh spirit of humanism and 
youthful intellectual force. The extra- 
ordinary insight shown in the work of 
Nicolaus de Cusa, who wrote in the first 
part of the fifteenth century on “ learned 
ignorance,** finds its complement in the 
ardour for correct knowledge which led to 
(lie earnest study of Ptolemy, and at last 
to the publication of his original works. 
The first Latin edition was published in 
1515, but not from the original ; a transla- 
tion from this latter first appeared in Paris 
in 1528, while the Greek original was printed 
at Basle in 1538. Five years later the “ Dc 
Rcvolutionibus *’ of Copernicus appeared, 
and Ptolemy’s long reign was at an end. 

GEORGE WILLIS RITCHEY 

Prince of Astronomical Instrument Makers 

George Willis Ritchey was born at 
Tuppers Plains, in Ontario, Canada, on 
December 31, 1864. He studied at the 
University of Cincinnati, and in 1888 was 
appointed instructor at the Chicago Manual 
Training School. This position he held until 
1896, when he became optician to the great 
Yerkes Observatory. In 1899 he was pro- 
moted to the position of superintendent of 
instrumental construction for the obser- 
vatory, and continued to supervise this 
department for five years. He then spent 
four years at the University of Chicago, where 
he taught practical astronomy, and from 
1905 until 1909 he was in charge of the 
Solar Observatory of the Carnegie Institute, 
as astronomer, and again as superintendent 
of instrumental construction. 

When the directors of the Mount Wilson 
Observatory, California, decided in 1909 to 
build a 100-inch reflecting telescope, they 
commissioned Dr. Ritchey to supervise its 
construction. Since early in that year, 
consequently, his time nas been chiefly 
devoted to this ambitious undertaking. He 
at once came over to Europe in order to 
study the latest details of construction, 
and has often attended the meetings of 
the Royal Astronomical Society, of which 
1 1 


he was elected in 1904 a foreign associate. 
Among other instrumental advances of 
supreme importance to the progress of 
astronomy which we owe to Dr. Ritchey, 
his many photographic devices and improve- 
ments take a high rank. In 1910 he 
astonished the scientific world with three 
photographs of spiral nebulae of surpassing 
excellence, in which the most remarkable 
details of their structure were clearly 
brought out as had never been done before. 
In one case the spirals appear broken up 
into soft, star-like condensations, like 
nebulous stars. He has also secured 
wonderful photographs of the Great Nebula 
in Andromeda, of the Ring Nebula in Lyra, 
of the Crab Nebula, and of others, which 
provide an indispensable aid to the further 
investigation of the construction of nebula. 
His photographs have done an enormous 
amount for this study ; even a cursory 
examination of them revealed their diversi- 
ties, so that, while in some the spirals are 
broken up into “ nebulous stars,” in others 
they are apparently smooth. One of the 
spiral nebulae was found to show more than 
a thousand of these star-like condensations. 
In' the Andromeda Nebula, as revealed by 
these admirable photographs, the central 
parts appear to be regular, with compli- 
cated dark rifts, and the spiral extends 
practically to the nucleus, but the outer 
branches, on the other hand, are seen to 
contain great numbers of nebulous stars. 

Dr. Ritchey has made great improvements 
to the camera, especially with regard to 
focussing. He uses two guiding eye-pieces, 
one on each side of the centre, in order to 
allow for any possible slight rotation of the 
field, and by a special device of his own 
the plate-carrier may be removed and 
replaced with absolute accuracy every half- 
hour, thus allowing of continual refocussing. 

LORD ROSSE 
Builder of a Giant Telescope 

William Parsons, third Earl of Rosse, 
is chiefly known as the constructor of the 
famous giant Parsonstown Reflector. His 
labours in improving the telescope entitle 
him to rank with Sir William Herschel 
among the very first of those who have 
helped to produce the instrumental perfec- 
tion upon which the science of astronomy 
so largely depends. Born at York on 
June 17*, 1800, William Parsons was the 
son of the second Earl of Rosse. From 
1807 he bore the title of Lord Oxmantown, 
until, on his father’s death in 1841, he 
became third Earl of Rosse. From Trinity 
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College, Dublin, he passed to Oxford, and 
graduated in the first class in mathematics 
m 1822. Although a man with many 
public claims on his time and energies, 
none of which he ever neglected, he yet 
succeeded in pursuing the study of science, 
and in carrying out his early design of 
constructing a telescope which should reach 
the limits of attainable power. 

The difficulties with which he had to 
contend were enormous, and his success 
bears witness to the qualities of mind and 
character which enabled him to surmount 
them all. He had to discover the whole 
art of casting and polishing telescopic 
reflectors by his own unaided efforts. He 
had not even skilled mechanics to assist 
him, but trained the cottagers on his 
estate to carry out the difficult operations 
which were required. Much was owing to 
their loyal service. 

He began experimenting in the compo- 
sition of speculum-metal, at his father’s 
seat, Birr Castle, Parsonstown, King’s 
County, in 1827, but it was not until twelve 
years later that he succeeded, after innumer- 
able failures, in the casting of a three-foot 
speculum. The precision required in this 
process is extraordinary, as an exceedingly 
minute error is sufficient altogether to 
destroy the efficiency of the instrument. 
Sir John Herschel tells us that 11 the total 
thickness to be abraded from the edge of 
a spherical speculum 48 inches in diameter 
ana 40 feet focus, to convert it into a 

I iaraboloid, which is the required figure, is 
ess than one twenty-thousandth of an inch.” 
Having, at last, in 1839, succeeded in 
casting his metal into a three-foot speculum, 
and mounting it as a telescopic reflector, 
Lord Oxmantown published all the details 
of its construction in a paper communicated 
to the Royal Society, thus conferring upon 
optical science a benefit even greater than 
the actual accomplishment of the work. 

Lord Rosse now proceeded in 1842 to 
construct a reflector of enormous size. It 
measured six feet in diameter, was of fifty- 
four feet focal length, and weighed four 
tons. The tube which held it was fifty-eight 
feet long and of seven feet diameter. It was 
slung in chains between two stone piers, 
each seventy feet long and about fifty feet 
high, placed about twenty-three feet apart. 
The great telescope was hung with such 
perfect balance that, although weighing 
fifteen tons, it was moved with the 
greatest ease by means of a windlass. It 
gave a great vertical range from near the 
horizon to the pole, but its horizontal range 


was necessarily limited by the supporting 
piers, and only gave about ten degrees on 
each side of the meridian. It was mounted 
and ready for use in February, 1845. 

The light-grasp of this enormous reflector 
astonished all beholders, and its powerful 
magnifying qualities were productive of 
most important results. The study ol 
nebulae was immediately carried forward in 
an unprecedented degree. Many hitherto 
unresolvable nebulae were resolved by it 
into clusters of stars, but more important 
still were the structural details of many 
classes of nebulae which it revealed. The 
difference between planetary and annular 
nebulae was annulled by the discovery of a 
ring-like structure in the planetaries, and 
the important class of spiral nebulae was 
discovered. The resolution of a great 
number of nebulae into clusters of stars by 
the Parsonstown telescope led many too 
hastily to the conclusion that all nebula; 
are ultimately of that kind, and to deny 
the existence of the “ luminous fluid ” as a 
separate formation. Lord Rosse himself 
was more careful, and refused to acquiesce in 
this conclusion. Later researches have, of 
course, justified his caution, by proving 
beyond a doubt the existence of an irresolv- 
able class of nebulae. 

The details of further work in order to 
the perfection of his instrument were 
communicated to the Royal Society in 1861, 
in a paper “ On the construction of specula 
of six feet aperture, and a selection from the 
observations of nebulae made with them.” 
Thus Lord Rosse placed all his years oi 
experimental labours at the disposal of 
future constructors of telescopes. 

Innumerable honours were conferred upon 
Lord Rosse for his brilliant achievements, 
including honorary degrees of many uni- 
versities, foreign titles, and university 
chancellorships. 

Notwithstanding all Iris wonderful scien- 
tific and optical labours, the duties of 
territorial and of public life were at all 
times most conscientiously carried out, 
While still an undergraduate at Oxford, 
he was returned as member of Parliament 
for his home constituency of King's County, 
and continued to represent it until 183.4. 
when he resigned his seat in order to secure 
more leisure for scientific and philosophical 
pursuits. From 1845 until his death he sat 
in the House of Lords as an Irish Representa- 
tive Peer, taking, as a rule, no part in debate, 
but doing much unostentatious service in 
committee. His hospitality was typical of 
the best traditions of the Irish character. 
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His devotion to his tenants, towards 
whom his position was analogous to that 
of a feudal lord, absorbed much of his 
time, and often also of his means. During 
the time of serious famine which occurred 
in 1846-7 Lord Rosse gave away to his 
starving people practically the whole of 
his revenues. His courage was as great 
as his generosity ; for during this same 
time, when the passions of the people were 
inflamed by their sufferings to animal 
savagery, he was continually active in the 
work of suppressing the murderous associa- 
tions which .were formed, although this 
conduct placed him in constant danger of 
his life. His profound and intimate ac- 
quaintance* with his country and its people 
is reflected in several books on the subject. 

Lord Rosse married in 1836, and had four 
sons. He died at Monkstown, County 
Dublin, on October 31, 1867, after a long 
and painful illness. 

GIOVANNI VIRGINIO SCHIAPARELLI 
Explorer of Mars 

The great Italian astronomer Giovanni 
Virginio Schiaparelli was born at Savigliano, 
in Piedmont, on March 14, 1835. Proceed- 
ing at the age of sixteen to the University 
of Turin, he studied mathematics, and, 
after three years, graduated in engineering 
and architecture. But from that time on- 
ward he determined to follow out his real 
interest, which lay in the direction of 
astronomy, and from 1857 to 1859 attended 
Encke’s lectures in Berlin. He then went 
on to the observatory at Pulkowa, where 
he became an assistant under the two 
eminent Struves, but remained here only 
for a year, being recalled to Italy in i860 
to become assistant at the Brera Observa- 
tory in Milan. His reputation was quickly 
made by his discovery, in the following 
year, of the asteroid Hesperia ; and on 
the death of Carlini, in 1862, he was 
appointed director of the observatory. 
This post he held for thirty-eight years, 
for he retired from it only in 1900 on 
account of ill-health. All Schiaparelli's 
great mass of work was therefore done at 
the Brera Observatory. The most illus- 
trious of his researches have been those 
which established the relation between 
comets and meteors, and his researches 
Q n the planet Mars ; but of almost equal 
importance are his discoveries with regard 
to the rotation periods of Mercury and 
Venus, and his investigations into the 
distribution of the stars. 

Schiaparelli’s earlier cosmical generalisa- 


tions were the results of a protracted study 
of meteors. These conclus ons were com- 
municated in five letters, published in 1866, 
in the “ Bullettino ” of the Roman Obser- 
vatory. In these letters Schiaparelli 
showed that meteors, like comets, have 
a velocity far exceeding that of the earth ; 
that they travel to immeasurably greater 
distances from the sun ; that they arc 
foreign bodies, drawn into the solar system 
from interstellar space by the sun’s attrac- 
tion, and sometimes captured as permanent 
members by planetary gravitation ; and 
finally, in the last letter, the momentous 
conclusion was reached that the orbit of 
the Perseids corresponds with the orbit 
of the bright comet of 1862, and that the 
comet is but a larger member of the meteor 
swarm. Other examples were soon dis- 
covered, and, in 1867, Schiaparelli was able 
to formulate his theory of comets. Accord- 
ing to him, there exist in space masses ol 
celestial matter — “ cosmical clouds ” — frag- 
ments of which enter our system under 
the attractive force of the sun, and 
sweep across our skies in the form of 
comets. The theory of meteors, as the 
product of the dissolution of comets, was 
fully treated in Schiaparelli’s famous book 
“ Of Falling Stars,” published in 1873, 
and pronounced by Sir Norman Lockyer 
to be one of the greatest astronomical 
writings of the nineteenth century. 

In 1877 Schiaparelli began his investiga- 
tions of the planet Mars, and his searching 
scrutiny was carried on at every succeeding 
opposition of the planet. These observa- 
tions mark an entirely new epoch in the 
study of Mars. At the opposition of 1877 
Schiaparelli discovered the so-called 
“canals,” which he recognised as showing 
exactly the same appearance during the 
next opposition of 1879. But in 1881 
about twenty of these canals were seen to 
be double, inasmuch as a parallel line, at a 
distance of two or three hundred miles, 
ran alongside the line originally observed. 

An exquisitely clear atmosphere is neces- 
sary in order to make these canals visible, 
and for many years Schiaparelli seems to 
have been alone in his detection of them. 
Doubt was for some time thrown upon 
his discoveries, but in 1866 the canals 
were observed by Pcrrotin at Nice, and 
they have since been seen at Lick, at 
Arequipa, and at other advantageously 
situated observatories. The observation of 
Mars continued to occupy Schiaparelli at 
every opposition, but in 1890 failing eye- 
sight deprived him of this delight. He 
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then, however, formulated the conclusions 
to which his continued researches had led 
him. The Polar caps, he believes, are true 
ice and snow, the reddish-ochre portions 
are land, and the blue-green “ seas ” and 
the “ canals ” are truly water, the canals 
being waterways, not impossibly the con- 
struction of intelligent beings. These water- 
ways are lined on each side by strips of 
vegetation. Schiaparelli compares the 
climate of Mars to that of a clear day 
on a high mountain. 

From Mars, Schiaparelli proceeded to a 
protracted study of our inner planet- 
ary neighbours, Mercury and Venus, with 
similar startling results in the case of each. 
Each of these planets had been formerly 
supposed to have a rotation period of about 
twenty-four hours ; but Schiaparelli, by 
observing the planets over a considerable 
number of years, became convinced that in 
each case the rotation-period corresponds 
to the period of revolution in exactly the 
same manner as in the case of the moon’s 
motion about the earth. These results were 
announced in 1889 and 1890 respectively ; 
they were questioned at first, but have 
since been fully confirmed. 

His next important contribution, in 1889, 
was a paper on the apparent distribution of 
stars visible to the naked eye, proving con- 
clusively Herschel’s theory of the crowding 
of these stars towards the plane of the Milky 
Way. This work was carried out with the 
same care and patience which Schiaparelli 
gave to everything he undertook. The con - 
elusion he reached was demonstrated by a 
series of charts accompanying the paper. 

Double stars also were a favourite study 
of his. He measured the orbits of a large 
number, and his results have given him a 
distinguished name among investigators of 
binary systems. In addition to the natural 
gift of keen eyesight, and to his innate 
characteristics of perseverance, exactness, 
and a fastidious love of truth, Schiaparelli 
owed not a little of his supreme success as 
an observer to the unfailing resolution with 
which he abstained from anything that 
might impair steadiness or. clearness of 
vision, as, for instance, from alcohol, nar- 
cotics, and coffee. 

Schiaparelli retired in 1900 from the 
direction of the Brera Observatory, and was 
succeeded by Celoria. He continued, how- 
ever, to pursue his studies in seclusion, and 
to write books on astronomical subjects and 
on kindred interests. He died at Milan on 
July 4, 1910. - His biographer has well said : 
“ His devotion to astronomy, his singularly 
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accurate observations, and his wonderful 
discoveries have secured for him an exalted 
position among the greatest astronomers of 
modern times/' 

HUGO SEELIGER 

Student of the Construction of the Heavens 

Professor Hugo Seeligcr, an eminent 
German astronomer, was born at Bielitz- 
Biala, in Silesia, on September 23, i8.p). 
He attended first the University of Heidel- 
berg, and from 1868 that of Leipzig, grad- 
uating at Leipzig in 1871, his thesis for 
the doctorate being on double stars. Aft< 1 
a period of honorary assistance in tin; 
Leipzig Observatory, Seeligcr obtained .1 
position in 1873 at the Bonn Observatory 
under Argelandcr, and gained valuable 
experience in practical astronomy by his 
work on the famous Catalogue. He took 
charge of the expedition which went from 
.Bonn to the Auckland Islands, to observe 
the transit of Venus of 1874. Three year.- 
later Seeliger gave up observation fm 
teaching, becoming an authorised tutor in 
astronomy in Bonn University, but wa- 
not long in reluming to practical work. In 
1881 he was made director of the Gotha 
Observatory, and in the following year was 
appointed to the charge of the Royal 
Observatory at Munich. At the same time 
lie became professor of astronomy in 
Munich University. He proceeded at once 
to turn to profit the experience gained 
under Argelandcr ; and the Munich Cata- 
logue of 13,200 stars was drawn up and 
published under his direction. The numer- 
ous observations of Dr. John Lainont, a 
Scotsman who had been director of Munich 
Observatory some twenty or thirty yearn 
earlier, were reduced by Seeliger into a 
catalogue of 30,082 stars. 

The most famous of Seeligcr’s researches 
have been in connection with Saturn's riiiy-, 
with temporary stars, but, above all, with 
the distribution of stars and the construc- 
tion of the heavens. His theory of Saturn's 
rings was put forward in 1888. It was not 
so much a new theory as a strong and care- 
fully grounded confirmation of ideas whu li 
had been gradually taking form. Laplan‘ 
had regarded the rings as solid bodi< 
Their solidity was first shown to be impo 
sible by the younger Bond, who postulated 
a fluid condition. But the first real light v a- 
thrown upon the problem by James Clnk 
Maxwell in 1857, in a treatise proving that 
neither solid nor fluid rings could be im- 
manent, and that their only possible com- 
position was by an aggregation of separate 
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particles. Seeliger develops the theory of 
• lie meteoric constitution of the rings. In 

paper published in 1888 he demonstrated 
that the unchanging lustre of the outer 
rings, no matter what the angle of illumi- 
nation might be, is an indubitable proof of 
ihcir meteoric constitution. He further 
demonstrated that the dusky ring is formed 
nf bodies more thinly strewn, and conse- 
quently reflecting much less light. The 
great difficulty with which this theory oi 
the dusky ring had always been met -the 
(act that it shows as a dense, dark shading 
against the body of Saturn — lie explains by 
-flowing that the dark band is due to the' 
numerous shadows of the small bodies in 
transit across the globe of .the planet. 
Spectroscopic investigation has since con 
tinned Sceliger’s theory. 

The advent of the new star in Auriga led 
to Seeliger’s exposition, in 1892, of his theory 
of temporary stars. According to him, tin* 
brief glory is due to the passage of a dark 
body through the nebulous matter which 
abounds in the celestial spaces, and its con 
M*(]uent incandescence. 

Professor Seeliger ’s studies in the distri- 
bution of stars are undoubtedly the most 
thorough which have ever been attempted. 
The work was pursued in a most systematic 
and highly detailed manner, and was based 
upon all the important star- catalogues and 
measurements of distribution. For pur- 
poses of accurate comparison, Seeliger 
divided the sky into nine zones, each of 
them twenty degrees wide, .and all parallel 
to the circle of the Milky Way. 11 is ex- 
amination demonstrated the real, gradual 
increase in the number of stars, from each 
of the galactic Poles, to the Milky Way. 
“ The Milky Way is no mere local pheno- 
menon, but is closely connected with the 
entire constitution of our stellar system.” 

These researches of Professor Seeliger 
constitute a great advance on all that had 
previously been done towards the investiga- 
tion of the construction of the heavens. In 
themselves, apart from all his other valuable 
work, they entitle him to rank among the 
foremost of living astronomers. 

CHARLES PIAZZI SMYTH 

A Star-Gazer at High Levels 

Charles Piazzi Smyth, so named after the 
"icat Sicilian astronomer Piazzi, was born 
•»t Naples on January 3, 1819, the son of 
Admiral AVilliam Henry Smyth. After 
Sl -me years at Bedford Grammar School, he 
sent, at the age of sixteen, to the Royal 
Observatory at the Cape of Good Hope, 


where lie became an assistant, and learned 
the ordinary routine of observatorv work, 
observing also the comets of 1836 and 1843, 
and assisting in the meridional measures 
which were being taken at that time. 

Thomas Henderson, the self-taught as- 
tronomer, who occupied successively the 
positions of director at the Cape Observatory 
and of Astronomer Royal for Scotland, died 
prematurely in 1844, and Smyth was 
appointed to succeed him in the following 
vear, at the observatory on the Calton Hill, 
Edinburgh. His tenure of this office was 
one long struggle, continued over forty- 
three years, to ge t the Home Office to pro- 
vide means for a suitable equipment of the 
Scottish Observatory ,* which he found in a 
deplorably dilapitated condition. In spite 
of the futility of his appeals, he managed 
to get the observatory into some sort of 
working order, set up on Calton Hill a time- 
signalling arrangement by means of a ball 
which dropped on a staff, and continued 
to observe the stars and weather. 

The enormous increase in the size and 
power of telescopes had brought out the 
necessity, foreseen long before by Newton, 
of -choosing lor observatories sites which 
should give advantageous atmospheric con- 
ditions. Piazzi Smyth was therefore com- 
missioned by the Government to investi- 
gate the atmospheric conditions on the 
Peak of Tenerifte, and consequently sailed 
for Teneriffc in 1856. His investigations • 
made it certain that an elevated situation 
is free from many of the atmospheric 
disturbances which militate so greatly 
against star-gazing from low levels. It was 
not, however, until recent years that his 
investigations were fully acted upon. The 
great American observatories have led the 
way in this respect, and their experience 
lias amply proved the wisdom of care 
exercised in the choice of sites. For his 
investigations at Ter.eriffe, Smyth was in 
1857 elected a Fellow of the Royal Society. 

Smyth’s most important work was done 
in the department of spectroscopy. He 
invented the process of examining gaseous 
spectra by the use of “end-on” vacuum 
tubes. Whife at Lisbon in 1877, he drew an 
elaborate chart of the solar spectrum. He 
also made a spectroscopic investigation of 
the zodiacal light, and was the first to 
discover the harmonies revealed by the 
lines of the spectrum of carbonic oxide. 
After his retirement from the position of 
Astronomer Royal, lie improved his chart 
of the solar spectrum into a larger and more- 
complete form, and at his death left his 
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property to the Royal Society of Edinburgh 
for the purpose of publishing all his memoirs 
on the subject of spectroscopy, and in crdei 
to provide means for further researches. 

Besides his spectroscopic researches, 
Piazzi Smyth did much valuable work in 
collecting records of weather changes. He 
organised fifty-five stations for meteoro- 
logical observations throughout Scotland, 
and published the results which were thus 
obtained. As a final protest against the 
indifference of the Home Office, he resigned 
in i888, and died on February 21, 1900. 

OTTO WILHELM STRUVE 
Who Found That Saturn's Rings are Falling In 

The famous son of a famous" father, 
Otto Struve was one of the greatest astro- 
nomers of the nineteenth century. Born at 
Dorpat on May 7, 1819, he became his 
father’s assistant at a very early age, and 
took up enthusiastically the investigation 
of double stars. His first independent 
research was on the subject of the move- 
ment of the solar system through the 
celestial spaces. Herschel’s determination 
of the solar apex as situated within the left 
arm of Hercules had found no support until, 
in 1839, Argelander carried out much more 
comprehensive observations for the same 
purpose, and confirmed Herschel’s results 
by scrupulous examination of the motions 
of 390 stars. Otto Struve, at the age of 
► twenty-two, determined to test conclusively 
these results of Argelander’s, and in 1841, 
after a careful study of the motion of 
400 stars, he arrived at a determination for 
the solar apex in close agreement with the 
conclusions of Hcrschel and of Argelander. 

After satisfying himself with regard to the 
direction, Struve went on to consider the 
velocity of the solar motion, but his results 
in this case are much more speculative, and 
can hardly be relied upon. He deduced 
from the average parallax of stars of the 
first magnitude a velocity of 154 million 
miles a year ; but it is certain that no secure 
basis for calculation is provided by the 
average parallax, since only five out of 
eighteen first-magnitude stai;s show any 
measurable parallax. 

Baily had published in 1836 his account 
of the phenomenon known as 11 Baily’s 
Beads,” as observed during the annular 
eclipse of the sun in 1836, and Struve was 
among those who were stimulated by this 
accoilnt to run south for the total eclipse of 
1842, From Lipetzk he had a magnificent 
view of the corona, which on this occasion, 
according to Struve’s estimate, extended 
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over a period of twenty-five minutes, tin 
great plumes spreading their radiance to n 
distance of three or four degrees from the 
moon’s edge. 

Otto Struve then followed his father in the 
investigations of double stars and in the 
search for stellar parallex*. He discovered 
500 double stars, the most interesting among 
them being Delta Equulei. This pair re- 
volves in less than eleven years, a period 
shorter than that of Jupiter around the sun, 
and very much shorter than the period of 
any other known pair. Otto Struve, with 
the fifteen-inch Pulkowa refractor, had 
better success than his father in the 
search for stellar parallax. He detected a 
parallax of half a second for Aldebaran, 
and independently confirmed the distance 
of 61 Cygni, estimated by Bessel at about 
forty billions of miles. 

Besides his researches on double stars, 
Otto Struve is famous for his theory of 
Saturn’s rings and for his observations on 
nebulae, especially on the Great Nebula in 
Orion. He discovered the strange fact that 
while the outer edge of Saturn’s rings 
remains always at the same distance from 
the body of the planet, the inner diameter 
is gradually decreasing — that is, the ring 
system is being drawn gradually towards 
the surface of the planet, and will presum- 
ably eventually be precipitated on to it. 
Struve at first estimated that this would 
take place in the course of three centuries, 
but later observations have shown the 
inward movement to be much slower than 
he had supposed. 

The Orion Nebula came under Struve's 
observation for many years. He discovered 
the variability of some of the stars of the 
trapezium, and made some remarkable ob- 
servations on the variations in brilliance of 
the nebula itself. With regard to this latter 
phenomenon he wrote in 1862 : “ The 

observations as to the distribution and 
brightness of the nebulous matter do not 
imply any change of form, but many fluctua- 
tions in the brightness of the different parts. 
The general impression I have received from 
these observations is that the central part 
of the nebula is found in a state of con- 
tinual agitation, like the surface of the sea.” 

Otto Struve became director of the 
Pulkowa Observatory in 1861, on the 
retirement of his father ; in 1864 he retired 
from the position for a time on account of 
severe illness, but was fortunately able to 
resume it before very long. In 1878, since 
Pulkowa no longer held the first place 
among observatories for instrumental pec- 
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kction, he persuaded the Russian Govern- 
ment to build a new giant refractor which 
should excel all others in existence. Struve 
himself was appointed to superintend the 
execution of the work, and went to 
America to secure the services of the Clarks 
in the construction of the object-glass. The 
huge instrument was set up in 1884 ; and it 
surpassed every other telescope in power 
and clearness until the building of the Lick 
telescope at Mount Hamilton, California. 

Struve retired from the observatory in 
1893, and was succeeded as director by the 
late Professor Bredechin, famous for his 
researches into the theory of comets’ tails. 
Speaking of the work of Otto Struve at 
Pulkowa, a fellow-scientist wrote, at the 
time of his death : “ In meridian places of 
stars, in comctary observations, in geodesy, 
in spectroscopy, the activity and efficiency 
of the institution have been everywhere 
acknowledged. Under his care, splendid 
laboratories have arisen devoted to spectro- 
scopic inquiries ; and it is not too much to 
say that his direction of a world-famous 
observatory has been of a most enlightened 
and beneficent character.” 

Otto Struve was the recipient of many 
honours, and lived to see his son, Professor 
Hermann Struve, also receive the gold 
medal of the Royal Astronomical Society, 
of which society lie was himself elected an 
associate in 1848, and was awarded the 
gold medal in 1850. He died at the beginning 
of May, 1905. “ It would be difficult,” says 
his biographer, “ to over-estimate the 
services of Otto Struve to astronomy. 
Besides his work on Saturn’s rings, on 
nebulae, and on the solar motion, he is one 
of the five greatest double-star observers 
who have ever lived. His reputation is an 
enduring one, and his name may well be 
placed among the greatest astronomers of 
the nineteenth century.” 

WILHELM STRUVE 

A Monumental Cataloguer of Double Stars 

Friedrich Georg Wilhelm Struve, gener- 
ally called the ” elder Struve,” was the first 
of a family of brilliant astronomers. His 
son, Otto Struve, is noticed above ; his 
grandson, Hermann Struve, is one of the 
notable astronomers of today. 

Wilhelm Struve was born at Altona on 
April 15, 1793, the son of a well-to-do yeo- 
man. He studied at the University of 
Bor pat, where, he graduated in philology 
at the age of eighteen. But his attention 
soon centred in science, and with such 
successful results that in 1813, at the age of 


twenty, he was appointed director of the 
new observatory at Dorpat. At the same 
time he was made professor of mathematics 
and astronomy in the Dorpat University. 

As early as 1810 he succeeded in obtaining 
a powerful five-foot refractor, and imme- 
diately entered upon the studies of double 
stars which have made his name famous. 
His energy and enthusiasm in surveying the 
heavens, and in making his investigations 
of double stars as complete and compre- 
hensive as possible, were worthy of a 
follower of Herschel. The results were 
published in 1837, at St. Petersburg, in a 
monograph entitled ” Mensurse Microme- 
tries.” , “ This monumental work,” says 
the historian of astronomy, “ gives the 
places, positions, distance, colours, and 
relative brightness of 3112 double and 
multiple stars, all determined with the 
utmost skill and care. The record is one 
which gains in value with the process ol 
time, and will for ages serve as a standard ol 
reference by which to detect change or con- 
firm discovery.” Some very interesting 
generalisations with regard to double stars 
emerged from this survey. Struve omitted 
from his classification all apparent double* 1 
of which the components were separated 
by a distance of more than 32”, since in the 
case of wider doubles there is an appreciable 
chance of their juxtaposition being optical 
and not real. Struve found, from his survey, 
that at least one in forty of all stars above 
the ninth magnitude is double or multiple, 
the proportion being more than doubled in 
the case of the brighter stars only. Follow- 
ing Bessel's suggestion, Struve took the 
existence of common proper motion as an 
infallible test of the reality of systematic 
relation between stars. Proceeding on these 
lines, he was led to the conclusion that 
single stars are certainly not more than 
twice or three times as numerous as double 
or multiple systems. 

From 1818 to 1821 Wilhelm Struve was 
occupied in the search for stellar parallax, 
his main achievement being to prove that 
the quantities were too small to be measured 
by any instrument then in use. The Em- 
peror Nicholas of Russia having determined, 
m 1835, to erect a new observatory near St. 
Petersburg, appointed Struve to direct the 
building and equipment. Pulkowa was 
chosen as the site, and funds were supplied 
without stint. The observatory was for a 
long time the finest and the best equipped in 
the world, so that Pulkowa became known 
as the “ astronomical capital of the world ” 
Wilhelm Struve was appointed director of 
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the observatory, and this position he re- the results was published in 1906, under tlu 
tained until 1861, when failing health led editorship of Professor Turner. It include 
him to resign in favour of his son Otto. 65,750 star positions, all within the narrow 
Wilhelm Struve died on November 23, 1864. zone, two degrees in width, which com 
As a student of sidereal astronomy, the prises the field of labour of the Raddifu 
elder Struve has hardly been equalled. Observatory. Reviewing the work, a scien 
Both in the investigation of double stars tific authority has remarked that : 
and in the study of stellar distribution he “ Professor Turner has exhibited qualities 
worthily carried forward the labours of Sir ot administration of the highest order. Ip 
William Herschel. His ideas as to the con- has instilled his own enthusiasm into hi> 
structions of the heavens were somewhat staff of workers, and has secured the uni’ 
similar to those held by Herschel. He formity of excellence and rigorous accuracy 
regarded the Milky Way as produced by a which are essential for the maintenance <Sl 
collection of irregularly condensed star- the international repute of* th^ work.’ 
clusters, supposing that the stars composing Professor Turner’s, policy has been to set 2 
it lie upon a bent plane, or. upon two limit of accuracy in the star measurements 
planes which intersect at a point very near which was practically possible to the stafi 
to that at which the solar system is placed, and the time at his disposal, and to adhere 
Struve believed that light becomes gradu- rigorously and uniformly to this limit, 
ally extinguished in its passage through rather than to attempt a still more absolute 
space, and that consequently the limits of accuracy at the risk of introducing new 
the universe are for ever unfathomable. In difficulties and complications into the work, 
this opinion he is opposed by many of the ” Professor Turner is no doubt warranted," 
leading astronomers of today, who do not says the authority quoted above, “ in 
admit the theory of light-extinction, but asserting that a just relation has beer 
there remains much to be said in support of maintained between the labour expended 
Struve’s theory. and the accuracy obtained.” 

In 1912 Professor Turner published a 
HERBERT HALL turner popular account of the design for a complete 

A Mapper-Out of the Heavens photographic survey of the heavens, giving 

Professor H. H. Turner, Director of the the history of the development of the plan, 
Radcliffe Observatory and Savilian Pro- and a sketch of the lines on which it is being 
fessor of Astronomy in the University of carried out. The book is called “ The Great 
Oxford, was born in 1861. He was educated Star-Map, being a Brief General Account 
at Leeds Modern School and at Clifton of the International Project Known as the 
College, and graduated at Trinity College, Astrographic Chart.” 

Cambridge, of which college he w*as after- Professor Turn® is the author of several 
wards elected a Fellow. After several years interesting books on astronomy and its 
as chief assistant at the Royal Observatory, history, including " Modem Astronomy ” 
Greenwich, he was appointed in 1893 to his and “ Astronomical Discovery.” 
present position of Savilian Professor at Professor Turner discovered in 1903 a 
Oxford and to the charge of the University " new star ” in Gemini, and gave an cx- 
Observatory, being at the same time elected position of his theory of new stars. He 
a Fellow of New College, Oxford. regards the dark patches on the celestial 

For many years past the work of the sphere, such as the Coal-sack, as not being 
Oxford Observatory staff has been very actually voids in the stellar universe, but as 
largely taken up with its part in the con- being dark nebulae which hide the light from 
struction of the astrographical chart, or the stars beyond. When a star comes into 
the complete photographic survey of the collision with any such mass of dark matter, 
heavens Dy international co-operation, which its temperature is enormously raised by tlu: 
was determined on, at the instigation of consequent friction within a day or two, 
Dr. Gill and others, at a conference brought just as a meteor, when entering our tenuous 
together for the purpose in 1885. This small upper atmosphere, is set ablaze, 
observatory, with limited staff and limited Professor Turner has invented ingenious 
means, has yet, under the splendid organi- devices for the photography of stars, 
sation of Professor Turner, shown itself and has made other improvements in 
capable of competing with the resources of astronomical apparatus. He is a corn s- 
the great national observatories, and has pondent of the Institute of France, and 
produced results which are second to none, has been President of the Royal Astro- 
The first of the projected eight volumes of nomical Society. 
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BIOLOGISTS 


SIR EDWIN RAY LANKESTER— A FAMOUS 
DARWINIAN 

ANTON VAN LEEUWENHOEK— THE MAN 
WHO FIRST SAW BACTERIA 
CARL LINN/EUS— THEMAN WHO INDEXED 
THE BOOK OF NATURE 
LORD LISTER— THE SAVIOUR OF MILLIONS 
OF. LIVES 

JACQUES LOEB — STUDENT OF THE 
CHEMISTRY OF LIFE 
FRANCOIS MAGENDIE — AN . EXPERI- 
MENTAL STUDENT OF LIVING THINGS 
SIR PATRICK M ANSON — A PIONEER 
FIGHTER OF TROPICAL DISEASES 
GREGOR MENDEL — THE MONK WHO 
CHANGED THE WORLD’S THOUGHT 

SIR EDWIN RAY LANKESTER 
A Famous Darwinian 

riK Edwin Ray Lankester was born in 
London on May 15, 1847, the eldest son 
of Dr. Edwin Lankester, who was a well- 
known writer on scientific subjects. He was 
educated at St. Paul’s School, at Cambridge, 
and at Oxford, and as early as 1871 made an 
interesting discovery of the first parasite 
jvor found in the red blood cells of a 
vertebrate. The most important of such 
parasites now known is, of course, the 
organism that causes malaria. Since that 
date Sir Edwin Ray Lankester has been the 
occupant of various academic Chairs, in 
London, Edinburgh, and Oxford. Ever 
dnee 1869 h e h as edited the Quarterly 
Journal of Microscopical Science. He was 
Director of the Natural History Museum at 
South Kensington from 1898 to 1907, and 
did much to continue the work of Sir William 
Mower, so that the Museum is now one of the 
glories of science in this country. In 1906 
he was President of the British Association, 
and he received the K.C.B. next year. 

Sir Edwin Ray Lankester has always been 
a voluminous writer, and he is also a clear 
and effective lecturer, as was shown in his 
f hristmas lectures to efiildren at the Royal 
Institution a few years ago, when he dealt 
'vith “ Extinct Animals.” During the last 
few years he has contributed a weekly article 
entitled " Science from an Easy-Chair ” to 
the " Daily Telegraph,” and he" has always 
hern a conspicuous champion of the value 
of science in national life. 

He believes and teaches that science 
matters for a nation as a whole, and for the 
h 8ht conduct of political and personal 
affairs ; and much is due to him for the 
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ELIAS M ETCH NIKOFF -AND THE POSSI- 
BILITY OF PROLONGING LIFE 
PETER CHALMERS MITCHELL— A PRACTI- 
CAL AND REFORMING ZOOLOGIST 
ST. GEORGE M I VART- EVOLUTION UNDER 
DIVINE GUIDANCE 

JOHANNES MULLER— A GREAT PHYSIO- 
LOGICAL THINKER 

-ARTHUR NEWSUOLME— AN OFFICIAL IN- 
ITIATOR OF HEALTH-SCHEMES 
ttAX NORDAU— DOES CIVILISATION LEAD 
TO DEGENERATION ? 

SIR WILLIAM OSLER— A COSMOPOLITAN 
FROM THE NEW WORLD 
SIR RICHARD OWEN — A READER OF 
HISTORY WRITTEN IN BONES 

advance, in the popular estimate, of science 
in recent years. He edited the scientific 
memoirs of Huxley, and more recently has 
done very much to acquaint the scientific 
world and the public in this country with 
the work of Professor Metchnikoff, his friend 
of many years’ standing, whose valuable 
lecture on the ” Warfare against Tubercle,” 
delivered in London late in 1912, we owe to 
Professor Lankester. 

The most weighty and generally signifi- 
cant part of this author's work is to be found 
in his volume “ The Kingdom of Man,” 
published in 1907. Here are to be found the 
author’s Romanes Lecture of 1905, en- 
titled " Nature’s Insurgent Son,” the object 
of which, in the lecturer’s own words, is 
“ to exhibit in brief the 1 Kingdom of Man,' 
to show that there is undue neglect in the 
taking over of that possession by mankind, 
and to urge upon our universities the duty 
of acting the leading part in removing that 
neglect.” The second part of the volume is 
the author’s presidential address to the 
British Association, reviewing ” the progress 
made in the last quarter of a century towards 
the assumption of his kingship by slowly 
moving Man.” 

The first paragraph of the Romanes 
Lecture must be quoted, as giving the. chief 
practical belief of Sir Ray Lankester, in the 
most cogent possible form. 

" It has become more and more a matter 
of conviction to me — and I believe that 
I share that conviction with a large body of 
fellow-students both in this country and 
other civilised States — that the time has 
arrived when the true relation of Nature to 
Man has been so clearly ascertained that it 
should be more generally known than is at 
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present the case, and that this knowledge 
should form far more largely than it does at 
this moment the object of human activity 
and endeavour — that it should be, in fact, 
the guide of State government, the trusted 
basis of development of human communities. 
That it is not so already, that men should 
still allow their energies to run in other 
directions, appears to some of us a thing so 
monstrous, so injurious to the prosperity of 
our fellow-men, that we must do what lies 
in our power to draw attention to the con- 
ditions and circumstances fthich attend this 
neglect , the evils arising from it, and the bene- 
fits which must follow from its abatement. '* 



SIR EDWIN KAY LANKKSTER 

From the p.iinlititf l»y tin* linn. J. ColliiT 


In biological theory Sir Edwin Ray Lan- 
kester is a very positive Darwinian. He 
is consistently and ardently opposed to 
vitalism in all its forms, and is perhaps the 
most conspicuous representative surviving 
of the thoroughgoing so-called “ Dar- 
winian ” and mechanical theory of life and 
evolution. He has frequently been in 
controversy with the representatives of 
“ psychical research ” and vitalists of any 
school. Like his friend Metchnikoff, he 
attributes a very large part of the death- 
rate to the consumption of alcohol, and he 
would suppress the manufacture of spirits. 
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ANTON VAN LEEUWENHOEK 
The Man who First Saw Bacteria 

Anton van Leeuwenhoek was born a 
Delft, in Holland, in 1632. He was appren 
ticed to the trade of a lens-maker, and sooi 
became known for the very fine quality o 
the lenses he supplied to those who wen 
then engaged in the new art of microscopy 
But in the course of testing the lenses In 
made he soon became the most expert <> 
their users, and began to make new observa 
tions. He used only what we now call ; 
“ simple microscope/* that is to say, a singl< 
lens, but the quality of his lenses \\n 
superfine, and the strongest of them an 
said to have magnified 160 diameters. \Y« 
are accustomed nowadays to magnification: 
of 2000 diameters, anti as much as io.ooi 
is attainable, but the possibilities lair 
before Leeuwenhoek in his day were unpro 
cedented, and, though he had had n< 
scientific training, he made good use of them 

Leeuwenhoek spent the whole of his lonj. 
life in his native place, but his fame spread 
thanks to one of his Dutch contemporaries 
and most of his discoveries were publishei 
by our Royal Society, while many mon 
were communicated to the Paris Acadenn 
of Sciences. Very great incredulity wai 
aroused at first, to say nothing of charges o 
profanity and gross impropriety in thm 
peering into “ Nature’s arcana/’ to quote 
liis own phrase. There is. indeed, somi 
resemblance between the history of Leeu 
wen hoe k, with his microscope, and that <> 
“ the starry Galileo,” with his telescope 
Each of these patient and honest observer 
was endowed with a new and supersensible 
“ eye ” for the minute and the reinoh 
respectively ; and each had to meet tin 
objections of those who had not looked 
and those who thought such looking 
sacrilegious. Leeuwenhoek, however, was 
safe in Holland, the home of liberty, am 
there he lived in peace. He was elected 
Fellow of our Royal Society in i(>8o. 

Armed with his microscope, Leeiiwenhoel 
could see and demonstrate what was evei 
hidden from Harvey — the actual passage 
of the blood-cells through the capillaries 
from the arteries to the veins. He took tin 
opportunity to compare the shapes an 1 
numbers of the red blood cells in mail) 
animals, beginning with the tadpole, ii 
which he, for the first time, could follow tin 
entire circulation of the blood, from the head 
outwards, and back again. He aiso dis- 
covered the spermatozoa, or male germ-cells 
of animals. These are very much smallcj 
than the ova, or female germ-cells, am 
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their discovery was of immense importance 
for biological theory. These observations 
alone would entitle Leeuwenhoek to be 
- ailed “ the father of scientific microscopy.’ ' 

This Dutch student also takes a high 
place in the long controversy regarding 
what is called “ spontaneous generation.” 
fn Shakespeare we find the accepted view 
that “ your serpent of Egypt is bred now of 
your mud by the operation of your sun ; 
*3 is your crocodile. Leeuwenhoek, with 
his microscope, set to work to show that, in 
iwery case, ova can be found, which are 
produced by a maternal parent and from 
which the young are bred, and not from 
“ your mud,” or from any decaying matter 
which may seem to be their immediate 
source. Thanks to his lenses, he was also 
able to show how very complicated is the 
structure of the creatures, simple to the 
naked eye, which were supposed to be “ bred 
from corruption ” by the process of spon- 
taneous generation. 

Aristotle believed in spontaneous genera- 
tion, and thus anyone who attacked it had 
to reckon with the Church, which, by this 
time, thanks, above all, to Thomas Aquinas, 
had accepted Aristotle. Thus, Leeuwenhoek 
:amc into controversy with an Italian 
Jesuit, who declared that shellfish in general 
ire certainly bred by spontaneous generation 
from mud or sand. Leeuwenhoek showed 
that this was not so, and added, “ For my 
part, I hold it equally impossible for a 
pmall shellfish to be produced without genera- 
tion as for a whale to have its origin in the 
mud.” Here we see the greatness of this 
man’s thinking, as well as the accuracy of 
his observation. He was not to be deceived 
by size. Everyone was content to believe in 
the origin of large, animals from other such 
animals alone, but it needed a true thinker 
to see, and a true observer to prove, that 
what applied to large animals applied no 
loss to small ones — which he proved to be 
just as complicated in their way. Yet in 
those days it was the accepted opinion, even 
among students, that eels were generated 
from dew ; and it needed a Leeuwenhoek, 
after long research, to discover the tiny 
voung eels lying within their mother’s body. 
Today we marvel that any rational person 
could have supposed eels to be made from 
dew, but this is because we are too little 
aware of our personal indebtedness to the 
past, and our dependence upon what it has 
bequeathed to us, thanks to such men as 
Leeuwenhoek. “Surely no one will be so 
absurd,” he said, “as to retain the notion 
that any animal, however contemptible in 


our eyes, can be produced spontaneously or 
bred from corruption ? ” And again, “ It is 
my fixed and settled opinion that no leaf, no 
tree, no root, ever did or ever can produce or 
breed any animal endowed with life or 
motion.” Today we are all agreed ; and 
everywhere we employ the methods recom- 
mended by Leeuwenhoek when he. having 
found that weevils arc not formed from 
wheat, but in it. recommended .fumigation 
by sulphur in order to destroy them. This 
seems to be the nearest that' the father of 
scientific microscopy got to the modern 
“ germ-theory ” of disease. 

Leeuwenhoek made many more dis- 
coveries, as regards the structure of the 
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skin, the hair, the eyes of insects, the fibres 
of muscles, and the tissues of plants. He 
lived to gain very great fame, and died, in 
1723, at Delft, where he had spent all his life. 

CARL LINNAEUS 

The Man who Indexed the B00K of Nature 

Carl Linn.'cus is the Latinised form ul the 
name of Carl Linne, the great Swedish 
naturalist, who was born at Kashult, in the 
Swedish province of Smaland, on May 23, 
1707. His mission in life was practically 
to index the Book of Nature. The start 
could scarcely have been more unpromising. 
His father was a poor clergyman, with no 
thought but that his son 'should follow 
in his steps. Linne the elder was an 
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enthusiastic Nature student, whose little 
garden contained varieties of plants such 
as no other local collection showed ; and it 
was to the Book of Nature rather than to 
the Book of Theology that the boy was 
drawn. The indignant and despairing 
father thought the only alternative to the 
Church for such a boy was the last of the 
cobbler, and was about to apprentice him 
to that humble calling when the school- 
master, who had detected genius in the 
lad, intervened in his favour, lent him 
some books on botany, and got him sent 
first to the school at Wexio, and then to 
the Universities of Lund and Upsala. 

The boy’s full allowance was £8 per year, 
and he was so hard pressed that he had to 
sole his shoes with bark stripped with his 
own hands from trees. Nothing dimmed 
his passion for Nature-observing, however; 
and a worthy professor of divinity, one 
Celsius, was so attracted by his zeal and 
originality that he gave him board and 
lodging free of cost. While lie was working 
away at the functions of stamens and pistils 
and the meaning of the sexes of plants, 
Linnaeus, who had no idea at this time of 
the value of his own work, applied for Ihe 
post of gardener at the University of 
Upsala, but instead was appointed assistant- 
lecturer in botany, and given the entire 
direction of the garden. 

For his university he conducted a tour 
of exploration throughout Lapland, and 
his bill for the journey of over 4500 miles 
is said to have been, in our money, £25. 
He brought back a mass of information 
on the natural history and ethnology of 
Lapland, and his success led to his making 
a similar journey through Dalecarlia (now 
Kopparberg), at the invitation and cost of 
the governor of that ancient Swedish 
province. Linne was enabled to take his 
degree as M.D., and through the friendly 
offices of Boerhaave was appointed to the 
charge of the fine garden and collection ol 
a wealthy Haarlem banker, named Cliffort. 

Here he began his series of volumes 
which laid the foundation of modern botany 
and the entire classification of plant anil 
animal life. Afterwards he travelled in 
Holland, France, and England, lecturing, 
arranging botanical collections, practising 
as a doctor, and teaching medicine, and, 
afterwards, botany at Upsala. His fame 
spread far and " near. Travellers from 
distant lands kept him supplied with an 
incessant flow of new species of plants and 
animal life ; students flocked from all parts 
of Europe to hear his lectures at Upsala. 
4860 


He worked untiringly, classifying, naming 
writing, publishing. Seldom has a mai 
achieved so much in so short a time. H< 
first devised his artificial system for tb 
classification of plants, based on a singli 
character — the sexuality of plants. U, 
urged the desirability of a natural systen 
based, not upon a single character, bu 
upon the aggregate of real affinities. Whei 
a new species was presented to him he gav< 
it a provisional name until its true affinities 
should be discovered, applying a second (31 
trivial name, in addition" to the generic 
title, by which to identify the plant. His 
system has been of great value to botanists 

With regard to animals, he grouped then 
into species, and the species into genera 
the genera into orders, and the orders ink 
sub-kingdoms. He distinguished six sub- 
kingdoms. We have sixteen or more, with 
infinite division into sub-classes, with a 
host of forms of life unknown to Liniv v < 
day. He made mistakes, mistakes which 
seem incredible to-day, such as the group- 
ing of sloths with walruses, but latei 
naturalists with greater knowledge have 
made blunders just as ludicrous. Con- 
sidering the limited data at his command, 
the work of Linnaeus was prodigious, and 
his methods, not in all their details, but 
generally, stand for all time. 

Various minds from the time of Aristotle* 
onwards had dimly groped towards a 
logical method of classification of plants 
and animals, but all had failed. Liniueus, 
working from the slenderest data, had to 
invent, to create, and found a science ; 
and science has ever since built upon his 
foundations. Ray, whose speculations 
preceded the work of Linnaeus, guessed that 
the world might hold fewer than 4000 
species, plus some 20,000 species of inserts. 
Not many forms of life, lie said, “ of am 
considerable bigness, in the known portions 
of the world, have escaped the cognisance 
of the curious.” Linnseus in his “ Systema 
Naturae,” published in 1758, described and 
named some four thousand species, and 
expressed the belief that his pages probably 
did not include half of the species actu- 
ally existing. Half ! Today we know and 
have the description of hundreds of thou- 
sands of species. Of insects alone 250,000 
species have been described, and that 
number is believed to be but a tenth o< 
the total existing. 

So far as the “ vegetable race ” has been 
classed, we owe the work to Linnaeus, whose 
labours inspired all that followed after, 
but we have fewer by half plants than 
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.inimals described arid named. Still the 
[ask swings along with an army of workers 
heliind it. Yet not the half of available 
knowledge has yet been gained. As with 
slants, so with animal life. For the last 
half-century some 12,000 new species 
have, on the average, been added yearly 
to the “ Zoological Record.’ * And the 
average is rising. Still inspired by the 
example and directed by the method of 
Linnaeus, we search the depths of the sea, 
the jungles of the tropics, the crevices of 
1 he coral reefs, the tundras of the North, 


in Sweden. Re bought a modest estate, 
made a famous collection, and maintained 
his health and mental vigour until a year 
before his death, which occurred at Upsala 
on January 10, 1778. 

The collection of Linnaeus was offered, 
at his doceasfe t to Sir Joseph Banks. He 
.was unwilling to buy,, but mentioned the 
matter to Sir John E. Smith, then a medical 
student, who was later to give the world 
an English translation of one of the dead 
man’s works. Smith borrowed a thou- 
sand pounds of his father and acquired the 
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tlir limbs of trees, the hair of mammals, 
llu: feathers of birds, the body-tissues of 
mosquitoes — wherever animal life is found. 
Had we not had the Linmean system. Sir 
Konald Ross could never have identified 
die mosquito which carries the malarial 
parasite. 

From the teachings of Linnams in -botany 
equally great results have been won. 
Hie seed he scattered has fructified in a 
thousand minds, so that, for example, from 
a simple lesson we arrive at the poetry of 
dynamics in the law that “ the whole mass 
°f the earth, from Pole to Pole, and from 
circumference to centre, is employed in 
keeping a snowdrop in the position most 
suited to the promotion of its -vegetable 
health.” Linnaeus was ennobled in 1761, 
the first man of science to be so honoured 


entire collection, herbarium, books, MSS. 
The King of Sweden was absent from 
Court when the deal was effected, and, 
hearing of it upon his return, sent a ship tc 
intercept the vessel which was carrying the 
treasure away, but was too late. Smitl 
retained the collection throughout his life 
after which it passed by purchase into the 
keeping of the Linnaean Society, which was 
instituted ten years after the death of the 
man whose name it perpetuates. 

LORD LISTER 

The Saviour of Millions of Lives 

Joseph Lister was born on April 5, 1827 
at Upton, Essex, the home of his father 
Joseph Jackson Lister, a man of Yorkshir 
stock, and distinguished for the great im 
provement he made in the structure of th 
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compound microscope, and for his dis- 
coveries made therewith. The father was 
a member of the Society of Friends, or 
“Quakers,” and was connected with brew- 
ing, but he sent his son to study arts and 
medicine, in which he took degrees in the 
University of London. Soon the young 
surgeon, who had shown great promise, 
obtained an appointment at the Edinburgh 
Royal Infirmary, and thence he went to 
Glasgow, where he became Professor of 
Surgery in i860, and began those particular 
researches which made him famous. Then 
he was recalled to Edinburgh, where he 
became Professor of Clinical Surgery in 
1869, and continued his researches, es- 
tablishing his principles upon a sure basis. 
Lastly, in 1877, he passed on to London, 
in order to demonstrate and teach his 
principles in that recalcitrant metropolis ; 
and he was Professor of Clinical Surgery at 
King's College from 1887 until his retire- 
ment, in 1893. 

His scientific achievements gained him 
innumerable honours at home and abroad. 
He was created a baronet in 1883, and a 
baron in 1897, being the first medical man 
ever raised to the Peerage. He was President 
of the British Association in 1892, and 
President of the Royal Society from 1895 
to 1900. He was one of the original mem- 
bers of the Order of Merit. 

The scientific revolution which clinical 
surgery owes to Lord Lister need not blind 
us to the remarkable personal qualities of 
the man. He was a devoted lover of man- 
kind, like so many members of the religious 
body from which he sprang. He was thus a 
beloved doctor, and was immensely suc- 
cessful, not merely because of his skill, but 
because of his personal force, and the love 
and confidence which he bred in his patients. 
No biographical account of Lister can be 
complete; which omits this side of his per- 
sonality ; and it is a circumstance remark- 
able aiid fortunate for posterity that, while 
Lister was a surgeon in Edinburgh, there 
came under his care a patient who was cap- 
able of expressing the qualities of his 
surgeon in no ordinary way. This was the 
well-known poet and essayist William 
Ernest Henley, who was under Lister’s care 
in Edinburgh Royal Infirmary from 1873 
to 1875, and there wrote the collection of 
poems called “ In Hospital,” one of which, 
entitled “ The Chief,” is a sonnet, describing 
the greatest surgeon of all time. 

His brow spreads large and placid, and his eye 
Is deep and bright, with steady looks that still. 
Soft lines of tranquil thought his face fulfil — 
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His face at once benign and proud and shy. 
If envy scout, if ignorance deny, 

His faultless patience, his unyielding will, 
Beautiful gentleness and splendid skill, 
Innumerable gratitudes reply. 

His wise, rare smile is sweet with certainties. 
And seems in all his patients to compel 
Such love and faith as failure cannot quell. 
We hold him for another Herakles, 

Battling with custom, prejudice, disease, 

As once the son of Zeus with Death and Hell. 

Such was Lord Lister to all his patients 
from the mere occupant of hospital beds t< 
King Edward VII., when, just before tin 
Coronation, he summoned Lord Lister fron 
his retirement to consult about the need foi 
an urgent operation. In his public lecture; 
and addresses, Lister showed tlie same greal 
qualities, discussing not himself but tin 
facts and laws of his subject ; and he nevei 
betrayed or felt any jealousy towards thos< 
of his juniors who advanced upon l I k 
methods which he had himself introduced 
His courtesy was unfailing. 

Lister wrote but little outside his strictly 
scientific contributions. These were col 
lected and reprinted a few years ago, ii 
honour of the jubilee of their author’; 
entrance into the medical profession, and 
they made two splendid but unfortunately 
expensive volumes. It. is to be hoped that 
the official Life of Lord Lister, nowin coursi 
of preparation, will sooner or later be acces- 
sible at a moderate sum, like the cheapei 
editions of the Life of Pasteur. 

It was upon the great French rhemisl 
that Lister built. In 1874 he wrote t( 
Pasteur as follows : “ Allow me to tab 
this opportunity to tender to you my most 
cordial thanks for having, by your brilliant 
researches, demonstrated to me the truth 
of the germ theory of putrefaction, and 
thus furnished me with the principle; 
upon which alone the antiseptic system 
can be carried out.” When Lister came 
upon the scene, all was ready for the 
next step, but he alone took it. Pasteur 
had done his essential work, but no one 
saw its significance. Puerperal fever 
slew thousands ; in the Munich hos- 
pital “ 80 per cent, of wounds became 
affected with gangrene, and filled the sur- 
gical wards with horror.” In 1868, which 
we may recognise as the year which saw 
Lister’s introduction of carbolic acid, the 
death-rate after amputations in hospital 
stood at 60 per cent. “ A pin-prick is a door 
for death,” said a French surgeon, who 
had perhaps read his “ Richard II. ” an<J 
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Shakespeare's account of death, which 

Comes at the last, and with a little pin 
Cores through his castle wall, and — farewell, 

king ! 

Lister was the man who, realising what 
i he pin carries upon its point, introduced 
the remedy. He had already made several 
original contributions to science, especially 
as regards the inflammation and coagula- 
tion of the blood, a subject closely allied to 
some celebrated studies made by his father. 
Then, * n 1867, came his epoch-making 
papers to the 11 Lancet,” “ On a new method 
of treating compound fracture, abscess, etc., 
with observations on the conditions of 
suppuration.” The success of this method 
was indisputable. The death-rate following 
amputations was at once reduced to one- 
third ; and his wards were the healthiest in 
the world, while others, separated from his 
“ only by a passage a few feet broad, where 
former modes of treatment were continued, 
retained their former insalubrity." 

Listerism was adopted at Munich, with 
its 80 per cent, of hospital gangrene, and 
“ from that day hospital gangrene ceased.” 
The bitter enemies who ridiculed it were 
soon silenced by the results of its employ- 
ment, and those results improved year by 
year as the methods were perfected. Lister's 
figure of 15 per cent, mortality after am- 
putation, in the first three years of anti- 
septic treatment, was unprecedented and 
sensational. Today would it be a scandalous 
reflection upon the surgeon and the hospital 
which could report nothing better. And 
Lister lived to sec his methods improve, to 
direct their improvement himself, until the 
death-rate due to microbes after operations, 
where the microbes had not already done 
their work, lias disappeared altogether. The 
aseptic method of today is the perfection 
of Listerism ; and it is wholly untrue to 
suggest that it in any way involves an 
abandonment of the cruder initial methods. 

Lord Lister was a man of great muscular 
strength, who had been a strong swimmer 
in his youth. During the last year or two 
of his life he was confined to his bed, and was 
unable to do anything that made life worth 
living, but his heart and lungs would not 
stop working. He died peacefully at length 
on February 10, 1912, and was buried in 
Westminster Abbey. 

An international memorial to this illus- 
trious benefactor of mankind will take the 
form of a symbolic monument, like that of 
Pasteur in Paris, and a fund for the ad- 
vancement of surgery. 


JACQUES LOER 
Student of the Chemistry of Life 

Jacques Loeb was born in Germany on 
April 7, .1859, and was educated in Berlin 
and Munich, and took his doctorate in 
medicine at Strasburg in 1884. After 
some years of research and teaching in 
Germany and at the famous zoological 
station at Naples, Dr. Loeb went 1o the 
United States in 1891. and has remained 
there. For some years he was professor 
of physiology in the University of (Imago ; 
then, from 190 j to 1910, he filled the 
same post in the University of California, 
where the greater part of his best-known 
work was done. h\ 1910 he left California, 
and became a member of the Rockefeller 
Institute for Medical Research, in New York, 
where lie now works. 

This record ot Dr. Loch's academic career 
is very significant, and has several recent 
parallels. We see a distinguished young 
European student tempted to the United 
States by the superior opportunities for 
research which arc there offered in such 
numbers; and then we find him, at last, 
liberated from the routine teaching by 
which most original students in Europe 
have to earn their bread, and given a post 
where he can devote the whole ot his 
time and powers to original work. Of 
course, this does not mean that the re* 
searcher ceases to be a teacher, but he 
no longer needs to teach the rudiments 
of his science to callow students. He 
teaches by means of books and papers 
embodying his own original researches and 
conclusions. Dr. Loeb is thus a conspicu- 
ous illustration of the recent assertion that 
the scientific centre of gravity of the earth 
is being rapidly shifted to the United 
States of America. 

Dr. Loeb now writes in English. The 
first of his important books, published in 
1900, was called ” Comparative Physiology 
of the Brain and Comparative Psychology.” 
There followed his “ General Physiology," 
1905 ; “ Dynamics of Living Matter,” 190b ; 
“ Artificial Parthenogenesis,” 1906 ; and 
his latest volume, “ The Mechanistic Con- 
ception ot Life,” published in 1912. 

The most remarkable of Dr. Loch’s re- 
searches are concerned with-the development 
of the eggs of certain animals, especially 
sea-urchins, without fertilisation. This de- 
velopment of the ovum, without conjunction 
with a spermatozoon, is technically called 
parthenogenesis. Dr. Loeb has shown that 
parthenogenesis can be induced in many 
species, and that " chemical fertilisation," 
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as he calls it, is possible. In other words, 
by modification of the physical and chemi- 
cal condition of the fluid in which the ova 
are kept, it is possible to induce them to 
develop into perfect embryos, up to certain 
stages, without fertilisation by the male 
germ-cells. This has been incorrectly and 
absurdly described as the creation of life 
by some writers, but it is obviously nothing 
oi the sort. Parthenogenesis normally 
occurs in many species, and Dr. Loeb has 
shown how it may be caused to occur, by 
modification of conditions, in many more. 

It was in 1900 that Dr. Loeb announced 
his discovery that the parthenogenetic de- 
velopment of the eggs of the sea-urchin, 
up to the mature stages of growth, could 
be effected by treatment with chloride of 
magnesium, and since that date he has 
been the acknowledged master of experi- 
mental embryology. He has directed at- 
tention to the importance of the physical 
process called osmosis, in vital phenomena. 
The addition of salts to sea-water, for 
instance, alters its osmotic properties, in 
virtue of which it. or certain of its con- 
stituents, can pass through organic mem- 
branes ; and hence many of the results 
which follow such modifications. We now 
believe that numberless facts of the bodily 
functions depend essentially upon the laws 
of osmosis. Dr. Loeb has also adduced 
reasons for supposing that one of the great 
functions of the nucleus of a living cell is 
as a centre and regulator of the oxidation 
upon which so much depends. 

Dr. Loeb has not, however, confined 
himself to the statement of conclusions 
dependent upon the researches which have 
made him so famous. He has written 
largely upon what are called tropisms — 
the fashion in which living creatures re- 
spond in definite ways to, for instance, 
light — some being " positively heliotropic,” 
like the moth; others “ negatively helio- 
tropic,” like the creatures we disturb when 
we move a big stone from its place in the 
soil. Thence Dr. Loeb has passed to 
psychology, and has argued that all the 
actions of living creatures, all the behaviour 
and conduct not merely of plants and 
insects, but of mice and men, are nothing 
more or less than mechanical tropisms. 

In his latest book Dr. Loeb gives us a 
detailed and comprehensive statement of 
the theory, held by him today as by so 
many biologists in the nineteenth century, 
that biology is simply a branch of applied 
physics and chemistry, and that life, in- 
cluding all the phenomena of so-called 
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mind, is merely a special case of the work 
ing of mechanical laws. Dr. Loeb is thu : 
a foremost figure among materialists. 

It has repeatedly been proved thai 
eminence in physical and chemical experi 
ments, such as Dr. Loeb's have really been 
does not necessarily qualify a man foi 
discussing the ultimate problems of lift 
and mind. The psychological and philo 
sophicai writings of Dr. Loeb have done 
nothing to advance his reputation, am 
have been very severely handled by th( 
students of those subjects. Further re- 
searches along the lines of those made bj 
Dr. Loeb have also been carried out b\ 
Professor Driesch and others, with tin 
result that a wholly mechanistic interpre- 
tation is found to be impossible. But Dr 
Loeb’s work has been invaluable in helping 
us to elucidate the manner in which living 
organisms employ the laws especially 0 
what is now called “ physical chemistry,’ 
and much more of value is to be expeciet 
from him, in the realm rather of rcsearcl 
than of interpretation. 

FRANCOIS MAGENDIE 

An Experimental Student of Living Things 

Francois Magendie was an entire sceptic 
As a physician he practised medicine 
because he did not believe in it. • Born al 
Bordeaux on October 6, 1783, he won ; 
medical studentship at Paris by a com- 
petitive examination in the eleventh year o 
the French Republic, and took his doctor’? 
degree in 1808. The spirit of the Revolutior 
inspired him, and he set out to overthrow 
the traditions of medicine with the saim 
ardour as that with which the politica 
revolutionaries had overthrown the tradi- 
tions of the monarchy. 

He began by attacking the work of Bichat 
the greatest anatomist of the day. Gathering 
impetus as he went on, he included all 
doctors in his fierce, scornful, advert 
criticism — except, of course, that verv 
scientific physician of the H.'tel Diem 
Francois Magendie. Naturally, the young 
sceptic was vehemently abused by the 
members of his profession, but he was a 
first-rate fighting-man. He always hit back 
harder than he was struck. Gradually a 
band of disciples gathered round him, and 
he became the leader of an important new 
school of experimental medicine. 

Whilst working in his own hospital he 
came to the conclusion* that the drugs then 
lavishly used in the treatment of disease 
were unavailing. Henceforward, he would 
allow no drugs to be given to his patients. 
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Quinine and seidlitz powders were only em- 
ployed — with a little morphine at times to 
still excessive pain. Diet and clear water 
were his medicines, and warm beds and 
mustard poultices his stand-bys. Practi- 
cally everything else in the medical art of 
his time he regarded as part of the armoury 
of charlatanism, by which his fellow-prac- 
titioners tricked the people. 

Stern and cold in manner, even to his 
poor hospital patients, he was yet at bottom 
touched with an almost despairing pity for 
the sufferings of humanity. He knew he 
could do very little to cure them, and it made 
him bitter and scornful to see other doctors 
selling vain hopes and vain drugs to stricken 
sufferers. There were many persons in 
Europe who regarded Magendic as a 
monster — the Robespierre of the medical 
world— for lie had a passion for vivi- 
section. He cut up living animals contin- 
ually and in large numbers. A great deal of 
his time was given to this kind of experi- 
ment in the study of the functions of life. 

He was the first to prove that the veins 
are organs of absorption ; and he pointed 
out that animals cannot live on one kind of 
food. His researches on the circulation 
were also remarkable, but it was in the 
study of the nervous system that lie won his 
highest title to fame. Following up the 
work of Sir Charles Bell, he clearly demon- 
strated that the anterior roots of the spinal 
nerves govern movement, and the posterior 
roots preside over the function of feeling. 

He was made a member of the Academy of 
Sciences in 1821, and nine years afterwards 
lie was appointed to the Chair of medicine 
at the College of France. He came to 
England to study cholera in . 1831, and 
served on the committee of public health. 
Towards the end of his career he gave him- 
self up entirely to the study of the physiology 
ol plants on his estate at Sannois, near Paris, 
where he died, on October 8, 1855. 

Magcndie had all the faults and virtues 
of an extremist. He went too far in his 
passion for vivisection ; and his Journal of 
Experimental Physiology, in which his ex- 
periments on living animals are recorded, 
is painful reading. In his utter scepticism 
in regard to the remedial action of drugs, he 
also went too far. But the general effect 
of his extreme views was good. They were 
needed to balance the defects of men of the 
opposite school. Magendie was one of those 
men who resolutely put everything to the 
test. His keenly critically attitude was in 
the long run creative, and not destructive, 
tor though he ttiSrew away some valuable 


things, these were afterwards recovered, 
but much of the rubbish of tradition was 
gone, and a clear path for the future 
scientific development of medicines was 
made by him. When we consider that 
practically nothing was known in his time 
of the origin of most diseases, and especi- 
ally the part played, by harmful microbes, 
his attitude of scepticism seems to have been 
wise. He was a brave, honest doubter, and 
by discrediting false ideas he greatly helped 
to promote the discovery of the real facts. 

SIR PATRICK M ANSON* 

A Pioneer Fighter of Tropical Diseases 

Sir Patrick Manson, the modern leader 
in the study of tropical diseases, is the son 
of John Manson, of Fingask, Aberdeen, and 
was born on October 3/1844. After study- 
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ing as a doctor he went to the island of 
Formosa, and in mingling with the people 
he acquired a deep interest in tropical 
diseases. One curious malady — elephanti- 
asis — had a special fascination for him. He 
puzzled over the problem, of its origin, but 
was unable to find a satisfactory solution. 
He went on to Amoy, a large coast-town of 
China, and there he saw many more cases 
and many more forms of the strange malady. 
But he still failed to find an explanation. 
In 1874 he came to London, and heard 
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for the first, time that Timothy Lewis, one 
of the pioneers in the study of tropical 
diseases, had discovered an organism in the 
blood of certain natives of India. This 
organism he called “ filaria sanguinis 
hominis ” It is a minute thing, shaped like 
an cel, and enclosed in a loose sheath, within 
which it wriggles in a very active manner 
in the blood of persons afflicted with 
elephantiasis. 

Sir Patrick Manson returned to China in 
1876, and began to search for these para- 
sites. He found that in some districts 
50 out of every 100 Chinamen had the 
organism in their blood. In other places no 
human beings were found with it. Pursuing 
his researches, he ascertained that the 
filaria was only a very young animal, and 
he traced the parent in another part of the 
body, where it sometimes grew' to four inches 
in length. But between the mature animal 
and its tiny, wriggling progeny no inter- 
mediate form could be discovered. So Sir 
Patrick Manson arrived at the grand 
problem in many tropical diseases — how- 
does the parasite contrive to pass from one 
human being to another ? lie came to the 
conclusion that mosquitoes were the agents 
in transmitting the malady. 

He placed a Chinaman suffering from the 
disease under a mosquito-net with some 
hungry mosquitos. The insects attacked 
the patient, and Manson then attacked them 
with his dissecting instruments. Placing the 
contents of the stomach of the first mosquito 
under the microscope, he saw that instead 
of the digestive juices of the insect killing 
the filaria. they only stimulated the mis- 
chievous little animal to fresh activity. 
Continuing his experiments, lie allowed 
some mosquitoes to live after they had fed 
on the patient, and then dissected them. 

He then found out that the parasite 
had during its stay in the mosquito grown 
from the size of one-hundredth of an inch to 
that of one-sixteenth of an inch. It was 
just visible to the naked eye, it had 
developed a mouth, and it was ready to 
enter and feed on the blood of the first 
human being the mosquito bit. It wandered 
into the proboscis of the insect, and waited 
for an opportunity to escape. As in the case 
of the malarial parasite, both man and the 
mosquito are necessary for the complete 
development of the agent of disease. There- 
fore, if the mosquito is destroyed, the para- 
site cannot live, and the disease ceases. 

Sir Patrick Manson’s work had the 
magnificent result of opening up a new 
system of preventive medicine in all 
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diseases in which insects act as carriers 0 
maladies. In particular, it was the first larg< 
step for checking the dreadful diseases of tin 
tropics that make those regions the grave o 
white men, and spread suffering and deal! 
among millions of the natives. The dis 
covery is indeed likely to change the futun 
course of development of a large part u 
mankind, and to change it for the better 
Appointed Medical Adviser to the Colonia 
Office, Sir Patrick Manson succeeded ii 
establishing Schools of Tropical Medicim 
in London and Liverpool. He himsri 
became director of the London school. 
brilliant son, who bravely submitted to L 
bitten by a mosquito and infected witl 
malaria in order to prove conclusively 
Sir Patrick’s theory, perished a few jear: 
ago by accident while on an expedition 
Sir Patrick was knighted in 1903. 

GREGOR JOHANN MENDEL 
The Monk who Changed the World’s Though- 

Gregor Johann Mendel was born or 
July 22, 1822, at Heinzendorf, in Austria! 
Silesia. His father was a small peasant 
proprietor, and it is probable he was not ot 
Jewish origin, though his name suggests 
that he was. Mendel’s father was interested 
in fruit culture, and early taught him tlu 
methods of grafting ; and a maternal uncli 
started private classes to teach the children 
of the village, where there was no school. 

Mendel was a promising boy, and re 
ceived a good education, involving a very 
heavy tax upon the family purse. One of 
his teachers was an Augustinian, and Mendel 
was admitted to the monastery of that 
Order in Briinn, being ordained a priest in 
1847. Johann was his baptismal name, and 
he assumed that of Gregor “ in religion.” 
The monks sent the brilliant novice to tin 1 
University of Vienna, where lie studied the 
physical sciences, and then came back to 
Briinn, and taught science in the school 
there. He was a very successful teacher, and 
continued this work, throughout the period 
which made his present fame, until he was 
elected abbot of the monastery in 1868. 

There was a large garden in the cloister, 
and there the young student, whose father 
had shown him some of the wonders ol 
experimental botany, began many observa- 
tions on the behaviour of various plants 
which he had introduced into the garden for 
the purpose. Somewhere about 1857 h< 
.started his special experiments on the 
breeding of peas, and these he continued } 4,1 
eight years, reading his p$q>cr to the Philo- 
sophical Society of Briinn in 1865. It was 
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published in 1866, and the issue of the 
transactions containing it was sent to 
various scientific societies throughout the 
world, including the Royal Society and the 
Linnaean Society of London. But no one 
noticed it, nor the paper on the plant 
hicracium, which was read in 1869 and 
published in 1870. 

Mendel must have been a very hard 
worker. He was teaching all this time, not 
perfunctorily, but con amove, as we know. 
1 [e was conducting his immensely laborious 
observations on the pea, but he had many 
other irons in the fire. He was especially 
interested in the heredity of bees, and had 
tifty hives under observation. He collected 
(jiieen-bees from various continents, and 
studied the results of their matings. Tn 
1905 Dr. Bateson, to whom the scientific 
world is indebted for the collection of the 
biographical data here used, paid a visit to 
Hr unn, but could find no trace of Mendel’s 
work on bees beyond the hives which he 
had used. Mendel is known to have made 
many notes on his experiments, but it 
seems likely that he destroyed them during 
the period of depression from which he 
suffered before his death. “ A rich harvest 
of discovery,” says Dr.. Bateson, “awaits 
those who may successfully repeat the 
work ; ” and in the last year or so some of 
that harvest has been reaped by observers 
who have gone to work on Mendelian lines. 

No more scientific work came from Mendel 
after his appointment as abbot. He himself 
had hoped otherwise, and expected that, 
after a time, he might find better oppor- 
tunities for research than ever. But the 
very qualities and dogged determination 
which had served him so well in his weari- 
some researches of eight years upon one 
species showed themselves now in a 
disastrous form. Here is Dr. Bateson’s 
account of what was, in effect, a catas- 
trophe that delayed the advance of biology 
for a generation : “In 1872 the Govern- 
ment passed a law imposing special taxes 
on the property of religious houses. This 
enactment Mendel conceived to be unjust, 
and he decided to resist, claiming that all 
citizens should be equal in law, and that 
if these taxes were imposed on one class of 
institution they should be imposed on all. 
He thus took up a position which in Eng- 
land we should call that of a 1 Passive 
Resister. * At first several monasteries 
stood out with the Konigskloster, but 
gradually they conformed, Mendel alone 
remaining firm. The quarrel involved him 
in protracted trouble and litigation. High 


emissaries are said to have visited him, 
proposing a compromise, and even offering 
honours in case of submission. Old friends 
and acquaintances tried to influence him, 
but it was all in vain. He attended neither 
to cajolement nor menace. The property 
of the house was eventually distrained upon, 
but he did not give in. He became also 
involved in the racial controversies which 
are often rife in this part of Austria, and 
it is only too certain that the last ten years 
of his life were passed in disappointment 
and bitterness. From being a cheerful, 
friendly man lie became suspicious and 
misanthropic.” 

It is a deplorable story, on our account 
as well as Mendel’s. Dr. Bateson notes, as a 
piece of history, that, a few years after 
Mendel’s death, the tax against which he 
had fought “ was removed without debate 
or dispute.” We must deeply regret the 
loss of the work in genetics which Mendel 
would have done had not this accident 
happened, but we could have done without 
that if only the abbot had retained in- 
terest enough in his past work to direct 
the attention of the scientific world to it. 
Other workers, all over the world, would 
then have verified his results and gone 
forward. A single copy of his paper, “ with 
the writer’s compliments.” addressed to 
Darwin at Down would have changed the 
scientific history of the nineteenth century. 

Mendel was a horn observer, and even 
the counting of scores of thousands of peas 
did not exhaust his aptitude for arduous 
hobbies. He made and published regular 
meteorological records, observed, drew, and 
recorded sunspots, and made notes upon 
their supposed connection with terrestrial 
weather. He was a good business man, 
and was chairman of a bank in Briinn. He 
was also a brilliant chess-player, and com- 
posed many problems. We may add' that 
he also solved the problem of the “ knight’s 
move ” form of inheritance, where a 
characteristic appears in uncle or aunt, and 
nephew or niece. In Heinzendorf, his 
birthplace, he also organised a fire brigade. 

We can well believe that this clear- 
headed, practical, determined man was 
seriously disappointed at the neglect of his 
work by his contemporaries. He tried to 
interest the great Naegeli, who did not 
respond, and apparently he never tried 
again, while the copies of his paper which 
were sent to the great capitals remained 
unopened, we must presume. 

Here it is only necessary to say that, by 
mating peas which were contrasted in 
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certain characters, and observing the 
characters and numbers of the offspring, 
thereafter mating them among themselves , 
and observing the characters and numbers 
of their offspring, Mendel was able to frame 
a statement of inheritance which is now 
known as Mendel's law, and to frame a 
theory of what he called 11 segregation," 
which asserts that, when individuals bear- 
ing opposite characters are mated, pro- 
ducing a “hybrid," the "factors" for 
those characters do not both go into its 
germ-cells, but segregate, so that any given 
germ-cell either contains the factor for the 
one character only or for its opposite only. 
This law of segregation was shown by 
Mendel to apply to various characters in the 
pea and in hieracium, but we do not know 
whether he discovered it to apply to any 
characters in the only animal form he 
observed, which was the hive-bee. 

It need hardly be said that a host of 
observers, before Mendel, had mated in- 
dividuals, animal and vegetable, who bore 
opposite characters, and had noted the 
results. None of them had found any- 
thing definite, constant, or significant; and 
we now know that success was only to be 
attained by an observer who should use 
the laborious method of MendeL— studying 
one pair of characters at a time, observing 
three generations always, never mating 
different generations, and counting the 
numbers of each kind of individual produced 
in each generation. Little can be done on 
these lines with one’s feet on the mantelpiece. 

The last decade of Mendel’s life was sad 
and unproductive, as we have seen ; in- 
deed, it may have involved destruction of 
much that earlier years had produced. In 
1882 Darwin died, having never heard the 
name of Mendel. There is nothing like this 
case in the history of science, and we can 
scarcely believe that its like can ever 
happen again. It must remain deplorable 
and unique to the end of time. Two years 
later, after a long, period of physical ill 
health, as well as mental depression, Mendel 
died at Briinn, on January 6, 1884. 

In 1900 his paper was discovered, his 
results verified, and a new chapter in the 
history of biology opened. 

ELIAS METCHNIKOFF 
And th« Possibility of Prolonging Life 

Elias Metchnikoff, whose first name is 
often given as Elie in a French version, 
was born of Jewish parents at Kharkoff, 
in Russia,^ on May 3, 1845. Elias is the 
modern Jewish form of Elijah ; and those 
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who have seen and heard Professor Metch- 
nikoff may feel that the prophetic name 
is not ill applied. The young student w.is 
educated at the Gymnasium and University 
of Kharkoff, passing through the Faculty «if 
Science, and then, after some researches in 
zoology, he was appointed professor of tlut 
subject at Odessa. He made various zoo- 
logical expeditions— to Madeira, Teneriffe, 
and the Kalmuck Steppes — at this time! 
In 1882 he devoted himself specially to 
bacteriology, and in 1888 he went to the 
Pasteur Institute in Paris, where he has 
worked ever since, and of which he is now 
the sub-director. 

From Dr. Chalmers Mitchell’s introduc- 
tion to the English translation of the 
" Nature of Man," published here in 1903, 
much else may also be learnt about its 
renowned author. The young Metchnikoff, 
as a zoologist, spent many years in study- 
ing the development of insects, worms, jelly- 
fish, sea-urchins, and other lowly invertebrate 
animals. Not even he could then have 
guessed that " from these remote, inhuman 
interests ” he was soon to pass " without 
intellectual transition to results affecting 
vitally the human race." But it was so. 
As Dr. Mitchell reminds us, " From obser- 
vations made originally on water-fleas, he 
was led to discover the functions of the 
white corpuscles of the human blood. He 
showed by what mechanism these made 
perpetual war against the intruding microbe* 
of disease, and he laid the foundations of 
our knowledge as to the agencies that 
weaken or that strengthen these guardians 
of our health. In a scries of investigations 
into the phenomena of inflammation in 
men and lower animals, he carried his 
observations into new fields, and explained 
the relations of the white corpuscles to the 
juices that attract and repel them." 

Professor Metchnikoff ’s book on "Im- 
munity in Infective Diseases ’’ has been 
translated into English, and is a classic 
upon the subject. His initial discovers' 
of the function of the white cells of the 
blood, which he taught us to call the 
" phagocytes " or eating-cells, opened the 
way to further great advances, which have 
notably been taken by Ehrlich in Germain'. 
For some time Ehrlich's view came to be 
generally entertained — that the white cells 
do not do the essential work of protection, 
but that they devour invading parasite 
after the task has been made easy through 
the poisoning of the parasites by substances 
which have first come into action. Bnt 
Metchnikoff argues that, in point of fact . 
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t]ie substances which act upon the para- 
sites, so that the phagocytes can digest 
tb cm, are first produced by the phagocytes ; 
all the honour rests with them. 

At the present time the study of immu- 
nity centres round this problem, and on 
the" whole it is fair to say that the most 
recent evidence has tended to restore our 
estimate of the phagocytes to the level 
sot by Metchnikoff a quarter of a century 
ago. They do produce powerful ferments, 
tiie most important of which is trypsin, 
and by this means they do wonders for 
the protection of the body. Hence the 
latest method of treating tuberculosis, and 
helping the phagocytes to kill the microbes, 
is by the injection of trypsin into the 
affected part. 

A few years ago Professor Metchnikoff 
^ave an important series of lectures in 
London, under the auspices of the Royal 
Institute of Public Health. He then re- 
ferred especially to his own work, and 
notably to his later researches on the ways 
in which the phagocytes may be helped 
or hindered in their work. He mentioned 
specially his detailed studies of alcohol, 
which lie has proved intoxicates the white 
cells, and therefore must be entirely 
banished from medical practice in all 
diseases due to microbes. As the most 
authoritative opinion in the world, based 
upon exact and confirmed evidence, this has 
had a great effect upon medical methods 
'luring the last half-dozen years. 

A few years after this visit to London 
Professor Metchnikoff was awarded the 
Xobcl Prize in medicine, this being in the 
year 1908. It had been well earned, above 
all for the fundamental discovery upon 
which modern theories of immunity and 
susceptibility must depend, and afterwards 
for the long researches by which Professor 
Mclclinikoff has been able to direct the 
practice of hygiene in so many respects, 
bate in 1912 Professor Metchnikoff visited 
London again, and gave a lecture at the 
koyal Society of Medicine on “ The War- 
fare against Tubercle." Little public notice 
" as taken of this lecture, and tl\e attendance 
at it was little creditable to English medi- 
nne. But it was a most important pro- 
nouncement, the central part of which 
consisted in arguments to show that re- 
covery from certain types of infection by 
tuberculosis confers an immunity against 
subsequent attacks. Professor Metchnikoff 
believes that this natural vaccination, so 
fo call it, against tuberculosis largely occurs 
in cities today, and that it, above all, 


accounts lor the great fall in the tubercu- 
lous death-rate which has occurred in most 
parts of the civilised world during the last 
half-century. • 

It is astonishing that so little notice has 
been taken of the expression of this start- 
ling yet entirely reasonable theory by the 
greatest of living authorities. The imme- 
diate duty of science is now to discover 
whether the theory is true. Professor 
Metchnikoff is engaged upon that work; 
and he hopes that it may be possible to 
find and cultivate mild strains of the 
tubercle bacillus which can be used for 
purposes of protection by acquired immu- 
nity, on exactly the same principle as the 
use of vaccinia, which is modified smallpox, 
for protection against that disease. Mean- 
while, the new view is extremely discon- 
certing to those who have supposed that 
the presence 01 tubercle bacilli in milk is 
an un mixed evil. 

Two' books have been written by Pro- 
fessor Metchnikoff for the educated, public. 
The later and less important is called “ The 
Prolongation of Human Life/* and deals 
mainly with the theory that man's life is 
unnaturally shortened by the poisonous 
products which arc formed in his alimentary 
canal by certain microbes. Hence Mechni- 
koff introduced lactic acid as an ingredient 
of diet, since the dangerous microbes can 
only live in an alkaline medium, and lactic 
acid will destroy them. Evidence in favour 
of this theory was found by Metchnikoff in 
the great longevity of the Bulgarians, who 
live largely upon sour milk. Metchnikoff 
has taken such milk himself for many 
years, and his example has been widely 
followed, the hope being that the microbes 
which produce the milk-acid will live in the 
bowel, and control those which produce the 
alkaline poisons. Time is still required 
before we can decide upon the value of 
this method, but it is certain that Metchni- 
koff’s theory is sound; and the only ques- 
tion seems to be whether lactic acid, taken 
by the mouth, can ever reach, without first 
being neutralised, the remote coils of the 
bowel where its action is required. 

More important is the notable book on 
the “ Nature of Man,” published in this 
country by Mr. Heinemann in 1903. In 
these “ Studies in Optimistic Philosophy,” 
to quote their sub-title, Professor Metchni- 
koff argues that man, descended from 
animal ancestors, still has within him a 
number of “ disharmonies,” of structure 
and foundation, which gravely hamper and 
endanger him in the new and higher life 
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which he now leads. These disharmonies 
must be studied and understood, in the light 
they throw upon the nature of man, and 
then we must do what we can to remove 
or control them. Such views are now 
established and appreciated by'-all reason- 
able men, and they look largely to science 
as the instrument by which the part of 
man’s nature called the intellect may more 
than compensate for the many disharmonies 
of his constitution. In the great warfare 
with disease the name of Elias Metchnikoff 
will be that of a leader and a prophet. 

PETER CHALMERS MITCHELL 

A Practical and Reforming Zoologist 

Peter Chalmers Mitchell was born in 
Dunfermline on November 23, 1864, his 
father being a minister. He studied at 
Aberdeen, Oxford, and upon the Continent, 
inclining first to literature and later to 
science. For some years he taught biology 
at Oxford, and to medical students at 
various London hospitals ; and in 1903 he 
was appointed Secretary to the Zoological 
Society of London. He has since gained 
various honours, including the Fellowship 
of the Royal Society. 

Dr. Chalmers Mitchell's contributions to 
science may be discussed under two heads — 
of literature and of practice in Regent’s 
Park. He is a lucid, scholarly, and dis- 
tinguished writer, and has been most in- 
dustrious with his pen. In 1900 appeared 
his book on Huxley. In 1903 he trans- 
lated and edited Metchnikoff’s “ Nature of 
Man,” to which he wrote an introduction of 
rare and memorable quality, upon the. func- 
tions of science in the coining world, and 
the high dignity of those who devote their 
lives to the service of knowledge. “ In 
every country,” he concluded, “ the new 
Order of priests of science, in the vigils of 
the laboratory, is working for the future of 
humanity.” Students in this country owe 
much to Dr. Mitchell for his work in 
bringing to their notice this and other im- 
portant foreign publications. Zoologists 
are indebted to him for many technical 
articles in scientific journals, and he has 
also served the public in general by the 
numerous valuable articles which he has 
contributed to the most recent editions of 
the ” Encyclopedia Britannica.” 

But during the last decade Dr. Chalmers 
Mitchell has been concerned above all with 
the study and the actual care of living 
animals. His secretaryship has marked a 
new epoch in the history of the famous 
Gardens in Regent’s Park, and great success 
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has followed his work, both as regards 
our. knowledge of animals and in respect of 
the public interest in and appreciation of 
the Gardens. The death-rate among the 
animals has been greatly reduced. The 
daring policy has been followed of exposing 
numerous tropical animals, large and small, 
to the open air of London, including its 
fogs, instead of keeping them in artificially 
warmed houses. In some pases the fogs 
have killed animals, and always will, but 
they have not been th.e tropical animals. 
A young walrus, on the contrary, was a 
notable recent victim. But the monkeys 
and many other tropical creatures have 
thrived as never before under the new con- 
ditions, and the prevalence of tuberculosis 
in the Gardens has greatly diminished. 

Under the wise and skilful policy of Dr. 
Mitchell, the Gardens arc now in a state of 
unexampled interest and variety. Visitors 
and students are provided with trust- 
worthy modern accounts of the various 
animals. Thanks to a generous benefactor, 
the work begun by Dr. Mitchell is now being 
greatly extended, and in a short time many 
animals will be kept and exhibited un< In- 
al most natural conditions, as in Mr. Carl 
Hagenbeck’s wonderful park at Hamburg. 
A splendid hospital has also been provided 
in the last year or two, and nervous or 
ailing patients are at once removed from the 
boredom and exhaustion which even human 
beings may suffer from uninvited guests. 

Dr. Mitchell is very fond of animals, and 
lias made interesting studies of such 
creatures as a young caracal which he kept 
in his house as a domestic pet. • He showed 
this young animal, and many others, at his 
Christmas lectures at the Royal Institu- 
tion recently, and since then he has pub- 
lished a hook embodying the substance of 
those lectures, and called “ The Childhood 
of Animals.” This entirely delightful book 
has earned great success, and should be 
read by every student. At the Dundee 
meeting of the British Association in 1012. 
Dr. Chalmers Mitchell used his opportunity 
as president of the section of Zoology to 
plead for what he called “ Nature reserves," 
where the natural fauna of all civilised 
countries may survive, free from the mur- 
derous attentions of “ sportsmen,” so that 
future generations may profit by their use 
and beauty. 

ST. GEORGE MIVART 
Evolution Under Divine Guidance 

Many of the new ideas of the part played 
by life itself in the evolution of species 
are old ideas. Long before Bergson and 
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Hans Driesch set out to oppose Darwin’s 
theory of natural selection, St. George 
Mivart began the attack from a similar 
point of view. The great English anato- 
mist’s ideas were partly based on those of 
Aristotle, and partly worked out by original 
researches into the* structure of the higher 
animals. In immediate results his views 
were a failure. By means of them he at- 
tempted to reconcile modern evolutionary 
science with the most dogmatic form of 
Christianity, Roman Catholicism, but he 
incurrred the condemnation of both Pro- 
fessor Huxley and Cardinal Vaughan. 

St. George J ackson Mivart was the son of 
a hotel pioprietor, of Brook Street, Gros- 
venor Square, London, the father being 
sufficiently wealthy to enable the son to 
devote himself entirely to the pursuit of 
knowledge. Born on November 30, 1827, 
Mivart was educated at Harrow and King’s 
College, and it was intended he should go 
up to Oxford. But at seventeen he joined 
the Roman Catholic Church ; and as Oxford 
was then closed to him, he completed his 
education at St. Mary’s, Oscott. I11 1844 * ie 
entered Lincoln’s Inn, and studied for the 
Bar. At the end of five years he was made 
a barrister, but in the meantime his tastes 
had changed. The law had no attraction for 
him ; he took up medicine, and became 
interested in anatomy. 

Then from the study of the human frame 
he worked to that of the apes and the great 
flesh- eating animals. For many years he 
laboured at his own cost ; and it was only 
gradually seen that a great master of the 
structures of life had arisen in our country, 
among the same class of men of wealth and 
leisure as that to which Darwin and Galton 
belonged. An appointment as lecturer at 
St. Mary’s Hospital, Paddington, in 1862, 
was the first recognition of Mivart’s genius ; 
and soon afterwards he was generally ad 
mitted to be the first authority on the 
bodily relationships of man and the higher 
apes. The lower animals with a backbone 
were also his special study. 

On his own ground he spoke with more 
authority than Cither Darwin or Huxley, 
the connection between men and monkeys 
being particularly his province. He did not 
speak until Darwin published his “ Descent 
of Man,” but then he came forth as an 
opponent of the theory of natural selection. 
He did not attack the idea of the evolution 
of life — he was himself an evolutionist — 
hut he denied that evolution had been 
brought about in the manner advocated by 
Darwin and Wallace. He held that the 


survival of the fittest in the struggle for 
existence was not the factor of supreme 
importance. In his view this struggle was 
a matter of comparatively small moment. 
It did not explain the grand difficulties of 
the evolution of life. There were jumps 
from one species to another ; and no theory of 
the slow accumulation of small variations 
could explain the breaks, for in many cases 
the change of form had to be sudden and 
fairly complete to be of use to the organism. 

He conceived that there is a unifying 
power in living creatures that organises 
their varied activities, and shapes them into 
new forms in response to the stimulus of the 
material circumstances of their existence. 
In the old theory of “ vitalism,” this uni- 
fying power was regarded as a kind of 
separate soul inhabiting the body, and dis- 
tinct from it. But in Mivart’s “ neo- 
vitalism ” the creative organising force is 
regarded as part of the visible body, so 
that it and the body are one thing, as an 
impression on stamped wax and the wax 
itself arc one thing. In modern phrase, he 
believed that there is a life-force in every 
plant and animal, unifying its activities and 
directing its orderly development when cir- 
cumstances are favourable. This, in his 
view, is the main creative power in evolution, 
while the process of natural selection merely 
checks in some cases this creative force. 

Of course, this theory of neo-vitalism 
removed the problem of the real origin of 
species from the province of scientific 
analysis. It left the mystery of life in 
mystery, for it was impossible to verify by the 
senses the existence of the principle of life. 
But Mivart pointed out that as an intellectual 
conception his theory of neo-vitalism could 
be accepted as a rational explanation of 
the facts. He asked Christian theologians to 
allow that God had breathed into matter the 
life-forces, with all their marvellous latent 
powers of development. Then, he con- 
sidered, the facts of natural history could he 
studied scientifically in themselves, and man 
could trace the way in which the structure 
of his body developed, by a natural Divine 
law, into the temple of an immortal spirit. 
Excommunicated in January, 1900, Mivart 
died on the first of April of that year. 

JOHANNES MULLER 
A Great Physiological Thinker 

Johannes Muller was born at Coblenz on 
July 14, 1801, and . from 1S24 to 1833 
studied and taught physiology in the 
University of Bonn. There his work gained 
him such distinction that in the latter year 
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he was appointed professor of anatomy and 
physiology in the University of Berlin, and 
there he remained for the rest of his life. 

Like other physiologists, Miiller made 
many researches into the details of his 
science, and his work extended also to 
comparative anatomy, where he studied the 
lancelet, the fishes, and sea-urchins in 
especial. His physiological observations 
dealt with the blood and with the mechan- 
ism of speech, among many other subjects. 
But his name will always be remembered 
as that of a great physiological thinker — the 
numbers of whom in all time are scant in- 
deed, though capable physiologists are 
always plentiful. Muller has indeed been 
often ranked as the founder of modern phy- 
siology ; and his great work, the “ Handbook 
of Human Physiology/' which was pub- 
lished during the 'thirties of the nineteenth 
century, made an epoch, thanks to the pro- 
found intellectual poweFS of its author. 

Physiology needed a thinker. Facts had 
been collected, with great speed and of 
great consequence, in the generation before 
Muller's time ; but a multitude of facts is 
not a science, any more than a heap of 
stones is a cathedral. Muller resolved the 
chaos of data into a cosmos. He thus be- 
came the greatest teacher of physiology that 
this science has ever known. The masters 
who have since flourished in Germany, from 
the illustrious Helmholtz downwards, were 
neatly all pupils of Muller, and ungrudg- 
ingly acknowledged their debt to him. 

His most important and profoundcst con- 
tribution to his science was the generalisa- 
tion which is now known as Muller's law. 
It is sometimes also called the " law of 
specific nervous energy." It states the 
remarkable truth, discovered by Muller, 
that the sensations we experience depend 
upon the innate powers of the sensory 
centres concerned; so that if any agent 
excites the centre for vision or the centre 
for taste, vision and taste are respectively 
experienced. Not light merely excites 
vision, but also pressure and electricity. 
Subtler internal causes may excite vision 
also, as in dreams ; but if the visual centre 
acts, vision and nothing else results. This 
discovery carries us far into the myste- 
rious depths of physiological psychology 
Johannes Muller died on April 20, 1858. 

ARTHUR NEWSHOLME 
An Official Initiator of Health-Schemes 

Arthur Newsholme was born on Feb- 
ruary 3, 1857, and studied medicine at 
St. Thomas's Hospital, London, taking his 
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doctorate in medicine in the Universit\ 
of London in 1881. He early determine! 
to devote himself to State Medicine, 01 
Public Health, and published his “ Element: 
of Vital Statistics h in 1889, after severa 
years of further study in hospitals ant 
elsewhere. He has edited journals of public 
health, has lectured before the Royal Collegi 
of Physicians, and examined on this subject 
in several universities. He has been Presi 
dent of the Society of Medical Officers 01 
Health, and of the Epidemiological Sectioi 
of the Royal Society of Medicine, and heir 
a similar position at a recent Internationa 
Congress m the United States. For mam 
years he was medical officer of ^health foi 
Brighton, where he initiated many stc]> 
in the care and prevention of tuberculosis 
in especial. In 1908 he was appointed b\ 
Mr. John Burns to be Chief Medical Officei 
to the Local Government Board. 

Dr. Newsholme has studied many infer 
tious diseases, and has contributed paper- 
on them to the medical journals, but hi> 
chief work has been upon and against tubei 
culosis. Before the present century began 
he was advocating the notification of con 
sumption, and in 1908 he published In- 
most important book, “ The Prevention oi 
Tuberculosis," in the New Library of Mcdi 
cinfe. In that book he argued that con- 
sumption might be controlled and ultimately 
abolished by the adoption of the principles 
which led to the extermination of leprosy 
in past ages ; and he adduced copious 
statistical evidence to show that a rapid 
diminution in the incidence of the disease 
associated with the isolation or segregation 
of advanced and acutely infectious cases in 
institutions. He regards the great exten- 
sion of institutional treatment as a leading 
cause of the great diminution of consump- 
tion in this country. 

Since the publication of this book, and 
Dr. Newsholme's appointment to the Local 
Government Board, notable steps have been 
taken in the direction of his policy, by meam 
of Orders issued by the Board. First, not i 
fication of poor-law cases of consumption 
was made compulsory. From January 1 
1912, all cases of consumption were mad» 
compulsorily notifiable, and since February 
1, 1913, all cases of tuberculosis have been 
compulsorily notifiable. The inauguration 
of this policy, to be followed by segregation 
of infectious cases in sanatoria, and by 
other measures, will doubtless lead to the 

S e vent ion of tuberculosis, as prophesied by 
\ Newsholme, and greatly furthered along 
his lines since 1908. 
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MAX NORDAU 

Does Civilisation Lead to Degeneration ? 

Max Simon Nordau is the name assumed 
by the brilliant son of a Hungarian Jewish 
scholar, Gabriel Siidfelt. Born in Pest on 
July 29, 1849, Nordau was educated as a 
medical man in his native town, but turned 
to journalism as a means of livelihood, and 
spent some time in travelling about Europe. 
For six years he wandered through the 
centres of modern civilisation. Vienna, 
Rerl in and Paris were the places at which 
he stayed longest, but he roamed from 
Russia to England, and from Scandinavia to 
Spain and Italy. In 187S he settled down in 
Pest, and began to practise as a doctor, 
but apparently he did not find the medical 
art as lucrative as journalism, and at the 
end of two years went to Paris as a special 
correspondent. And there he has remained. 

Nordau began his career as a journalist 
in 1872, when he went on the staff of the 
“ Pester Lloyd." Later he worked as a writer 
of serial stories on that journal ; and the 
“ Frankfurter Zeitung ” and the “ Vossische 
Zcitung ” published much of his work. 
Since 1881 he has been Paris correspondent 
for the last-named German paper. ITis 
career as a journalist and as a writer of 
(cuilletons must be taken into account in 
discussing his work as a man of science. 
Nordau has never lost his love of creating a 
sensation ; he has something of a journalist’s 
delight in making a “ scoop," and he cer- 
tainly works out his ideas for all that they 
arc worth. 

His early medical studies led him to 
take an interest in the researches of Lom- 
broso into the signs of nervous and in- 
tellectual degeneration. Suddenly it struck 
him that the evidence which the Italian 
man of science had collected among the 
criminal classes of Italy could be applied in 
diagnosing the poets, painters, and writers 
of the decadent school in France. It was 
notorious that some of the French bohe- 
mians of the period were leading unhealthy 
lives. Nordau mixed with them for a while, 
studying them with the eyes of a journalistic 
physician with a theory to prove. N aturally, 
lie was able to prove that a poet who habitu- 
ally took absinthe as a source of inspiration 
was a degenerate. But he went on to show 
that, from his point of view, almost every 
composer, poet, novelist, and painter of 
genius, in modern Europe was an example 
of “ degenerate psychoses of the epileptic 
group.” It seemed as though the genius 
and the criminal were both madmen, and 
that the insanity of genius was undermining 
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civilisation. Only in sane philistinism was 
there any refuge from the asylum. 

Nordau's own genius for exaggeration 
was a marked characteristic of his famous 
work on “ Degeneration.” Appearing in 
1893, the book made a sensation throughout 
the civilised world, for there were un- 
doubtedly at that time signs of decadence 
in literature and art. In our country, men 
of the stamp of Aubrey Beardsley and Oscar 
Wilde had introduced something sinister 
into the intellectual life of the nation. 
Things were still worse in France, and as 
bad in Germany and Italy. The weakening 
of religious faith, the spread of luxurious 
habits, and the passion for novelty at any 
cost had led some writers, painters,, and 
musicians into perilous paths, but the 
entire movement was a shallow and a pass- 
ing thing. It did not affect the general 
life of the people, and it soon lost its force. 

Nordau took it and himself too seriously. 
He fastened his label of insanity on every- 
thing and everybody he disliked— on 
Wagner and his music, on Tolstoy and his 
novels. In his hands “ degeneration ” 
became not a theory but a bludgeon, and 
lie tried to strike down every figure of im- 
portance in European art and letters, with 
the exception of a few men who, like 
Gerhard Hauptmann in his play “ The 
Weavers,” used their art to forward the 
doctrines of Social Democracy. In recent 
years Max Nordau lias been closely asso- 
ciated with the Zionist movement for re- 
settling the Jews in Palestine. 

SIR WILLIAM OSLER 
A Cosmopolitan from the New World 

Sir William Osier, the Regius Professor of 
Medicine at Oxford, was born at Bond Head, 
in Canada, on July 12, 1849, the son of a 
clergyman of the Church of England, of 
Devonian descent. He is one of four 
brothers, all of whom have made positions 
of distinction for themselves, two in the 
law, the other in finance. Sir William Osier 
was educated for the medical profession at 
Toronto, Montreal, London, Berlin, and 
Vienna. His first academic appointment 
was to the Chair of Medicine at McGill 
University, Montreal, in 1874. Ten years 
later he became Professor of Clinical Medicine 
in the University of Pennsylvania ; and five 
years later still Professor of the Practice and 
Principles of Medicine in the Johns Hopkins 
Medical School in the Maryland University, 
Baltimore. From this appointment he 
passed to Oxford in 1905. Sir William has 
received honorary degrees from many other 
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universities besides those with which he has 
been associated as a student or teacher. 

Osier's contributions to literature have 
had a wide range. They include not onlv 
“ The Principles and Practice of Medicine/’ 
which has gone through many editions, and, 
as editor, “ A System of ]\ edicine *’ in 
seven volumes, with a number of publica- 
tions on special studies of obscure forms of 
disease, but also addresses to students on 
the human side of their profession — their 
relation to patients, nurses, and the public. 
At Harvard he widened the range of his 
topics by an address on “ Science and Im- 
mortality,” in which he expresses the 
opinion that in scientific circles faith is no 
longer diversified by doubt, but doubt is 
diversified by faith. He, however, would 
rather, like Cicero, be mistaken with Plato, 
if it be a mistake, than be right with those 
who deny the life after death. 

Sir William Osier had a great reputation 
in the American Republic for his power of 
diagnosis by a kind of instinctive insight — 
the most physicianly of all qualities — and as 
a stimulator of the students who came 
within the range of his personal influence. 
He made a special point of urging his 
students to keep abreast not only with 
medical practice, but with the thought of 
the times, so as to preserve the mental 
freshness and breadth of outlook which 
they, perhaps most of all men, need. His 
own success is a proof of the fact that the 
physician’s influence is largely a question of 
masculine sense and personality. 

SIR RICHARD OWEN 
lA Reader of History Written in Bone 

Sir Richard Owen, one of the most 
famous of comparative anatomists and 
alaeontologists, was born at Lancaster on 
uly 20, 1804, younger son of a West India 
merchant. After attending the local 
grammar school, where he showed no in- 
dication of the talent latent in him, he was 
apprenticed at sixteen to an apothecary and 
surgeon. With other pupils, he was given 
access to the county gaol, where they were 
permitted to conduct post-mortem examina- 
tions, and he became greatly interested at 
once in the study of comparative anatomy. 

He passed from Lancaster to Edinburgh 
University, where he matriculated, and 
underwent the training proper to the career 
of a surgeon, but went to London for his 
diploma, intending all the time to join the 
Navy as a doctor. At this period his career 
greatly resembled that of Huxley. He was 
disappointed of his hopes; so, simply to 
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mark time, and keep body and soul together, 
he accepted a minor position in the Royal 
College of Surgeons, as assistant to Clift, 
John Hunter’s most devoted assistant. 
Owen joined Clift in the HunterianMusenm 
of the College. Here was the richest collec- 
tion of anatomical specimens that had ever 
been got together in the history of the 
world. The Government had bought them 
at the death of Hunter, and here they were, 
after forty years, uncatalogued, useless. It 
fell to the lot of Owen to catalogue and 
arrange them, and the result of his labours 
was an incomparable series of monographs, 
and, later, a valuable edition of the works 
of Hunter himself. He interpreted Hunter 
to the world, and gave to humanity the 
wonderful story revealed by the magnificent 
collection got together by that prodigy of 
zeal and wisdom. In course of time, Owen 
married the daughter of Clift, and succeeded 
her father as curator. 

The young couple had rooms at the College 
of Surgeons, and their home developed into 
the strangest museum in the world. Owen 
undertook the dissection of all the animals 
that died at the Zoological Gardens. Many 
of them were taken to his rooms ; and the 
dinner of the young people would be in- 
terrupted by the arrival of a dead lion or 
kangaroo, a bear or a baboon, a crocodile or 
a pelican. He lectured and wrote upon 
physiology, upon paleontology, upon mor- 
phology. His investigations covered the 
whole range of animate creation, from 
sponges to man. His influence upon the 
learning of his age was unbounded. Although 
he was opposed to the Darwinian theory, 
his very researches helped enormously to 
prove the conclusions he assailed. Lecturer, 
writer, demonstrator, called to adjudicate 
at exhibitions, and to sit upon important 
Commissions, he grew in power and repute 
with all but the people who should have 
assisted him. He might call at Buckingham 
Palace and Windsor Castle, and lecture to 
the Royal children, but official England was 
as hopelessly uninterested in science as it 
was when Melbourne insulted Faraday. 
Consequently, Owen, whose reputation was 
now practically world-wide, remained poor. 

We find Macaulay, friend to learning, very 
anxious about the affairs of Owen in 1850. 
He is writing to the Lx>rd Lansdownc of the 
period, urgently suggesting the reform 01 
the British Museum, and the installing 
Owen in charge of the department devoted 
to geology, zoology, botany, and mineral- 
ogy. “I cannot but think,” he wrote. 
•" th^t this arrangement would be benefit 1 
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in the highest degree to the Museum. I am 
sure that it would be popular. I must add 
that I am extremely desirous that something 
should be done for Owen. I hardly know 
him to speak to. His pursuits are not mine. 
Hut his fame is spread over Europe. He is 
an honour to our country, and it is painful 
to me to think that a man of his merit 
should be appproaching old age amidst 
anxieties and distresses. He told me that 
eight hundred a year, without a house in 
the Museum, would be opulence to him. He 
did not, he said, even wish for more. His 
seems to me to be a case for public patron- 
age. Such patronage is not needed by 
eminent literary men or artists. A poet, a 
novelist, an historian, a painter, a sculptor, 
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who stood in his own line as high as Owen 
stands among men of science, could never 
be in want except by his own fault. But 
the greatest natural philosopher may starve 
while his countrymen are boasting of his 
discoveries, and while foreign Academies arc 
begging for the honour of being allowed to 
add his name to their list/* Owen was 
appointed to the position suggested — it was 
created for him — and we get our superb 
Natural History Museum in its present form 
as the result of that appointment. 

From this time forth Owen threw himself 
with still greater ardour into the work of 
bis life. He had all the riches of the Museum 
to work upon, with teeming treasure sent 
to him from all lands for inspection, classifi- 


cation, and description. He first taught 
naturalists to distinguish between analogy 
and homology. He first brought the torch 
of learning to bear upon the mysteries of 
parthenogenesis -that is, the reproduction 
of their kind by female types of lift' dciiving 
tlieir fertility from the ova from which they 
themselves are born. In a thousand direc- 
tions he enlightened and taught his genera- 
tion. He achieved many marvels of intelli- 
gent anticipation as the outcome of his own 
system. Perhaps his greatest triumph in 
this direction was his description of the 
extinct giant moa from the single leg-bone 
of the bird which was first sent him. The 
bone was as huge as that of a giant ox. But 
he declared it a remnant of a bird, and lived 
to have before him the entire skeleton of a 
moa, and to be photographed with it, hold- 
ing in his hand a fragment of the bone 
from which he had described it. 

Owen was not infallible, lie insisted on 
regarding man as a creature apart from all 
other creation. He was invincibly opposed 
to the doctrine of natural selection. There 
is little doubt that he primed the brilliant 
but. shallow' Bishop of Oxford for his on- 
slaught on Darwin at the historic meeting 
of the British Association. Darwin was per- 
haps never angry with any but one mail - 
and that one was Owen. But, as against 
his stubborn indifference to the volume of 
evidence brought to bear in support of the 
Darwinian theory, a multitude of magnifi- 
cent achievements by Owen have to be 
placed in the opposite side of the scale. 
Science was advanced a century through his 
labours in elucidating the mystery of animal 
liie past and present. Practically every 
learned body in Europe honoured him, and 
the Oueen of England gave him for life the 
use of the charming Sheen Lodge, in Rich- 
mond Park, but Gladstone was taken by 
surprise when it was suggested that the 
great scientist should be knighted. Owen 
was near eighty at the lime, and with all 
his modesty was not unwilling, simply for 
the sake of science, that the dignity should 
be his. “ The chief satisfaction I should 
feel,” he explained, “ by such an instance 
of recognition would be in regard to the 
relation of my own to that of other coun- 
tries in the estimate which has been allotted 
me.” And he follows with a detail of ser- 
vices to the social life of the nation and to 
science generally which has probably no 
parallel. Owen died a knight, but he would 
not have done so had not Playfair loyally 
pressed his claims. His death occurred at 
Sheen Lodge on December 18, 1892. 
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GROUP 2 THE SE EKERS AND FINDERS OF NEW LANDS I’UNTINUED oS°'wi m1 

EXPLORERS 


FKIDTJOF NANSEN — a HERO OF THE 
GREAT WH1TK NORTH 

Nil S ERIC NORDENSKJOLD -DISCOVERER 
OF THE POLAR WAY TO CHINA 

MUNGO PARK— THE DOCTOR-EXPLORER 
OF THE NIGER 

SIK WILLIAM PARRY— FIRST SLEDGE 
EXPEDITION TOWARDS THE POLE 

ROBERT EDWIN PEARY -THE DISCOVERER 
OF THE NORTH POLE 

WIILIAM FLINDERS PETRIE WHO WENT 
HACK TEN THOUSAND YEARS 

AUGUSTUS PITT-RIVERS A TRACER OF 
'THE EVOLUTION OF HUMAN ARTS 

FRIDTJOF NANSEN 
A Hero of the Great White North 

F kidtjof Nansen, the most scientific of 
Arctic explorers, is Ihe son of a Nor- 
wegian lawyer. Horn near Christiania on 
October 10, i8bi, he first distinguished 
liiniM’lf as a ski-rnnner. When but four years 
old lie took to ski ing, and in 1882 he carried 
i >11 the prize awarded to the best ski-runner 
it mud Christiania. His passion for this 
exciting sport, which the Norwegians learnt 
It can the Lapps, was ol supreme importance 
in his life. It directly led to his work as an 
Antic explorer. Moreover, he owed to it 
i hat splendid physique that enabled him to 
bear the rigours of long journeys oil foot 
across icy wastes. Tall, blue-eyed, and 
trained down to the last ounce, he holds that 
u<> lor m of sport so evenly develops the 
muscles, makes the body strong and elastic, 
and teaclas dexterity and resource, asski-ing. 

lie needed a great deal of open-air 
•'Ncrcise in youth and early manhood, for on 
Altering the University of Christiania he 
"penalised in zoology, and spent most of 
lin time in peering through a microscope*, 
examining the structure of the nervous 
WMem of all kinds of animals. In 1882 
l u ‘ went on a sealing-ship to the Polar Seas 
t" M-aivli for a new species to dissect and 
rxaniine ; and in the same year lie was 
:, pp«>inted curator of Bergen Museum, 
winning a gold prize for his study of a cer- 
kiiu worm. Characteristically, he took the 
,lln l;d in copper, and applied the value of 
Jh 1, gold to the expenses of a journey to the 
hi nuns Marine Laboratory of Naples. 

Hie tissues of the nervous system looked 
ikr becoming his object of study throughout 
1 l j v ‘ But in 1883 the Swedish explorer 
•Aoidenskjdld came back from Greenland, 


MARCO POLO— THE GREATEST OF ALL 
LAND EXPLORERS 

NIKOLAI PRJEVALSKI - EXPLORER OF 
CENTRAL ASIA 

MARCANTONIO RAIMONDI -.EXPLORER 
OF PERU 

SIR WALTER RALEIGH A FOUNDER OF 
THE BRITISH EMPIRE 
SIR HENRY RAWLINSON - AN EXPLORER 
OF THE DEAD PAST 

BARON FERDINAND VON RICHTHOFEN — 
EXPLORER OF INLAND ( HINA 
SIR JAMES CLARK ROSS — DISCOVERER 
OF THE NORTH MAGNETIC POLE 
SIR JOHN ROSS — A PIONEER OF THE 
NORTH-WEST PASSAGE 

after finding that the interior was an endless 
snowfield. Nansen, the ski-runner, was then 
inspired with the idea of attempting to 
cross Greenland, from coast to coast, on 
skis. He had often travelled seventy miles 
a day across the snow in this manner, and 
it seemed to him that a small band of ski- 
runners would succeed in making the first 
crossing of that strange, vast land of ice 
and snow discovered by the ancient. Vikings. 

It was in 1887 that he published his plan, 
and appealed to the Norwegians to sub- 
scribe tin* small fund necessary for the work 
of exploration. There was a storm of 
opposition ; lie was denounced as a madman 
in search of a new form of suicide. He 
received, however, applications from forty 
men willing to accompany him, and Ihe 
financial help that he vainly asked from his 
countrymen was generously given by a 
Danish gentleman, who sent £300 to rover 
the entire cost of the expedition. 

With live companions, some River Lapps 
and sonic Norwegians, and five sledges, 
Nansen landed at Anoritaka, in Greenland, 
011 July 17, 1888, after lighting for nearly 
twelve (lavs in an ice-stream off the coast. 
The crossing of the great ice plateau was 
begun at Umivik on August 10. Steep, 
irregular slopes, soft snow, and dangerous 
crevasses so impeded the explorers that 
by August 27 they were only forty miles 
inland, at a height of 7000 feet. The cold 
was so intense that even the woollen socks 
on their feet froze. They were storm-bound 
for days ; their tents were torn by tempests, 
and their provisions grew at last so scanty 
that they had to race with death across a 
tableland of ice 9000 feet high to the west 
coast of Greenland. Their skis enabled them 
to sail rapidly over long distances, but near 
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the coast they again met rough, irregular 
ice and crevasses that seriously delayed them. 
On September 29, after a journey of 260 
miles, they reached an inlet fifty miles from 
Godthaab, and, by means of a boat made of 
canvas, willows, and sledges, assistance was 
obtained from the little Greenland town. 
In June, 1889, the party returned to Nor- 
way in the best of health, having accom- 
plished the first crossing of Greenland. 
Nansen's brilliant achievement is remark- 
able for the boldness of the plan, and for the 
energy and endurance with which the 
physical difficulties were overcome. 

In 1881 the “ Jeannette,” commanded by 
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De Long, an American explorer, was 
crushed and sunk in an ice-pack to the 
north of Siberia. Three years afterwards 
some Eskimos on the south-west, coast of 
Greenland picked up a large number of 
articles belonging to the “Jeannette.” This 
extraordinary event made a deep impression 
on the mind of Nansen. The idea that he 
worked out from it was confirmed by the 
discovery of twelve species of microscopic 
plants on the east of Greenland which were 
identical with those found in Behring 
Strait. Putting these facts together, he 
concluded that a strong ocean current ran 
4878 


from the east Siberian ice-pack, right acr<»s< 
the North Pole, to the coast of Greenland 
carrying the ice with it as it flowed. 

Acting on this theory, Nansen designed a 
small, slow ship, with sloping sides that 
could not be crushed by the ice. By reason 
of her rounded build, the pressure of the 
floes could only lift her up, instead of 
crushing her. Her screw and rudder why 
made so that they could be raised and pro- 
tected from the ice in a kind of well. The 
" Fram,” as the ship was called, was too 
much like a tub in shape to be pretty, and, 
though small, she cost nearly £10,000 to 
build. On June 24, 1893, the “ Fram ” left 
Norway with a crew of thirteen daring 
sailors, and pushed along the coast of Asia 
towards the New Siberian Islands. There 
Nansen ran her into the ice-pack, but iui 
months the " Fram ” was carried south- 
eastward in the wrong direction. Suddenly, 
the ice movement turned, and the strange, 
vast march of the pack set towards the Pole. 
Ridge after ridge of huge ice-blocks wen 
forced up in the winter darkness around tin 
little ship. At times the noise was m 
terrific that the men in their cabins could 
hardly hear themselves speak, but tlu 
vessel did the work for which she wib 
designed, and remained unhurt. 

Early in 1895 the “Fram” was carried 
beyond the most northerly point reached In 
man. But the journey had been very slow, 
and Nansen resigned the command of t lit 
ship to Captain Sverdrup, and, accom- 
panied by Lieutenant Johansen, set out on a 
sledge expedition towards the Pole. Tims 
had three sledges with nine dogs to each, 
but the ice was very rough, and the sledge 
were frequently overturned. Seven miles 
a day was good going. The temperature 
was often 49 degrees below zero, and 
Nansen and his companion were often liard 
put to it to continue their journey. 

On April 7, 1895, they reached 8(> 14' 
North — about 200 miles nearer the Pole 
than any other explorer had then gone. 
Scarcity of provisions then compelled them 
to return, but, instead of trying to regain 
the “ Fram,” they struck homeward to- 
wards Franz Joseph Land. There they 
wintered in a hut which they built out of 
stones and walrus hides. About the middle 
of June, Nansen was amazed to hear a dog 
hprk. Going towards the sound, he u» ot 
Mr. Frederick Jackson, of the Jacks 'ii- 
Harmsworth Expedition, and returned to 
Norway on his yacht. The “ Fram ” in the 
meanwhile drifted to 85° 57' North, the 
highest latitude ever attained by a ship, and 
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thru fought her way out of the ice, and 
arrived at Norway a very short time after 
y ;! nsen and Johansen arrived home. 
Amundsen, the first discoverer of the 
Pole, is convinced that Nansen is 
ri<:ht in his theory of a current running from 
Ka^t Siberia to Greenland, past the North 
Pole. He intends to provision the “ Fram ” 
for six years, and let her drift, if possible, 
all the way. This will probably be the next 
piece of Polar exploration of importance. 

Of late years politics have occupied a 
considerable part of Nansen’s time. He 
was one of the leaders in the movement of 
secession from Sweden, and he has acted as 
Xorwegian Ambassador to Great Britain. 
But he has continued his scientific work, 
and he is a high authority on oceanography, 
that fine modern science of the life and 
wonders of the deep seas to which he has 
contributed much valuable matter in con- 
nection with the study of the Polar waters. 

NILS ADOLF ERIC NORDENSKJOLD 
Discoverer of the Polar Way to China 

Just three and a quarter centuries after 
Sir Hugh Willoughby set out from London 
on a voyage round Siberia and began the 
search of the North-East Passage to China, 
vi Swedish man of science accomplished the 
task. He was Baron Nils Adolf Eric Nor- 
tlcnskjold (pronounced “ Nordenshield ”), 
and was born at Helsingfors, in Finland, on 
member 18, 1832. His father was a 
superintendent of mines ; and after accom- 
panying him in 1852 on an exploring 
expedition to the Ural Mountains, the 
young Finlander also took up mining, and 
Urai ne at twenty-four a clerk of the mines 
and a curator at Helsingfors University. 

His liberal views in politics, however, 
brought him twice into conflict with the 
Russian authorities in Finland, and, loving 
freedom more than comfort and influence, 
he left his native town, settled at Stock- 
holm, and took out letters of naturalisation. 
He was appointed Professor of Mineralogy 
at Stockholm in 1858, and the following 
year made an expedition to Spitsbergen 
to study the geology of that group of Arctic 
elands. In the course of nine years he made 
four voyages to Spitzbergen, and carried 
f, ut important scientific researches there. 

hi 1870 Dr. Oscar Dickson, a wealthy 
tttan of Gothenburg, who had provided 
the funds for the explorer's last voyage, 
5>em*rously placed another sum of money at 
‘Nordonskj old’s disposal. With it the 
adventurous man of science attacked the 
Western side of Greenland, and succeeded 


in penetrating farther into the bleak and 
icy interior than any other man had gone. 
Again helped by Dickson, the explorer 
began in 1875 and 1876 to explore the edge 
of the Polar Sea to the north of Siberia. 
He was one of the first men to see that the 
development of steam-power had changed 
the conditions of the problem of the North- 
East Passage, and that a good steamer could 
succeed where all the sailing-ships for more 
than three hundred years had failed. 

The King of Sweden, Dr. Oscar Dickson, 
and Mr. A. Sibiriakoff equally contributed 
the necessary funds, and a steamer, the 
“ Vega,” was purchased by the Swedish 
Government for the expedition, and manned 
by officers and men of the Swedish Navy. 
A smaller steamer, the “ Lena,” was built 
of steel to carry some of the stores and coal, 
and to go in advance of the “ Vega ” and 
examine the state of the ice. On July 21, 
1878, the “ Vega ” left Tromso, sailed 
across the Kara Sea, and reached the north 
point of Asia on August 19. All went accord- 
ing to Nordcnskj old’s calculations. In his 
earlier voyages he had found that the warm 
water from the great rivers of Siberia 
kept the ice in late summer from closing in 
upon the’ land. This fact inspired him 
with the idea of attempting a Polar voyage 
from the Atlantic to the Pacific. 

He had, in places, both water and icc to 
contend against, but they did not stop or 
hurt his ship. On reaching the delta of the 
Lena, on August 28, the steel-built tender 
turned south, and explored the river as far 
as Yakutsk, while the “ Vega ” skirted the 
New Siberia Islands. But Nordcnskj old was 
at last stopped by icc on September 12, at 
Irkaipi, the North Cape of Captain Cook, 
where, under similar conditions, the famous 
English navigator had been forced to turn 
back to Behring Strait in 1779. 

Working her way southward through the 
gathering ice, the “ Vega ” reached Kolyu- 
chin Bay, immediately to the westward of 
Cape Serdze Kamen, and Nordcnskj old 
and his crew were cheered by the knowledge 
that they had only to round this promontory 
in order to pass safely into the Pacific Ocean. 
But the ice was closely packed, cold weather 
at once set in, and, by October 1, the 
“ Vega ” was fixed in an ice-sheet strong 
enough to travel over. Here, only 120 
miles from Behring Strait, the explorer 
and his men had to remain for ten months. 
The members of the expedition passed the 
time in making important scientific observa- 
tions and collections, and entertaining one 
another. The ice broke on July 18, 1879. 
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Two days later the “ Vega ” rounded East 
Cape and completed the North-East Passage. 
The successful voyage greatly sti initiated 
navigation along the Siberian coast, and 
opened a new path to the North Pole after 
wards taken by Nansen and others. 

Returning by the Suez Canal, Nor- 
denskjdld arrived at Stockholm on April 24, 
1880, and was made a baron in recognition 
of the new honour he had won for Scandi- 
navia. In 1883 he returned to Greenland, 
and, adventuring again into the interior, 
discovered that a vast, unbroken glacier 
covered the whole of the country. This 
discovery inspired Nansen with the daring 
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idea of crossing Greenland on skis. Nor 
deriskjold died on August 12, 1901. 

MUNGO PARK 

The Doctor who Began the Exploration of 
the Niger 

Mungo Park, the heroic pioneer of North 
African discovery, was born on September 
10, 1771, at Foulshicls, near Selkirk. His 
father was a cottager who raised himself 
to the position of a small farmer while 
bringing up a family of thirteen. One of 
the daughters married a gardener, who, 
by hard work and study, became a well- 
known botanist . and a man of social 
position. From him Mungo acquired the 
love of botany, a general interest in science, 
and, what was equally important in shaping 
his career, an introduction to Sir Joseph 
Ranks, one of the managers of the African 
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Association. The object ot the Associal i on 
was a promotion of discovery in Africa. 
In 1788 they sent out Lcdyard, but he died 
of fever at the beginning of his travel*. 
T11 1791 Major Houghton was charged with 
the exploration of the Niger, but on hU 
way to Timbuctoo he was murdered by the 
Moors. Thus everything attempted l,y 
the Association ended disastrously. This 
famous scientific body, which aftcrwauU 
developed into the Royal Geographical 
Society, was in a very critical state in its 
history when Mungo Park volunteered te 
continue the work of African explora- 
tion 

He was then a man of twenty-four. Th 
had studied medicine at Edinburgh, and, 
having no money to set up in practice, had 
shipped as a surgeon on a voyage to Sumatra 
in t he East India Company’s service. 1 Ie w ;\< 
looking for work when Banks recommended 
him to the African Association. The 
services of Park were eagerly accepted, and 
on May 22, 1795, the young explorer sailed 
to the River Gambia. He stayed for some 
months near the coast in order to acquiie 
the native language. Then, on December i. 
1795, he set out for the unknown interior, 
with a negro servant and a black boy. 
His baggage consisted of provisions 1m 
two days, a sextant, a compass, a the! 
mometer, and a small assortment el 
beads, amber, and tobacco. Following 
the 1 road that had led Houghton to hi- 
death, and getting among the native-* ot 
Senegal, he was robbed of his amber and 
beads. 

About half way to Timbuctoo, Park was 
arrested by a troop of Arab soldiers, wln» 
led him to Benown, the camp of King AH 
The Arabs and Moors at this time possc-^od 
all the trade of Northern Africa, and 
they regarded every attempt at European 
exploration as an attack upon their trade. 
They were afraid that where the exploit 
went the merchants of Europe would 
follow. That is why they liad killed 
Houghton. To them an explorer wn- 
a spy, and, having got Park into their 
power, they insulted him and ill-treated 
him, and it was more by luck than hy 
skill that the Scottish doctor escaped with 
his life. 

Happily, he succeeded in making friend- 
with Fatima, the Sultan’s favourite, and. 
fleeing alone, destitute of resources, during 
a retreat from some invaders, Mungo Park 
reached the goal of his travels, “ the h*ng- 
souglit-for, majestic Niger, glittering in tlu’ 
morning sun, broad as the Thame* 
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\\\-t minster, and flowing slowlv east- 
ward.” . 

lie had now arrived at Sego, the capital 
„f Banibara, but the king refused to receive 
10,0, and forbade him to remain in his 
apital. Mungo continued his journey 
down the banks of the Niger towards 
Timbuctoo, but he was now so poor that 
Ik* had to rely upon public charity. More- 
over, the rainy season had set in, and it 
bti ame impossible to travel otherwise than 
by boat. Having no boat, and no means 
of getting one, Park had to turn back at 
tin- town of Silla, when only twelve days' 
journey from Timbuctoo. 

lie obtained food by writing talismans 
for the ignorant natives, who had never 
before seen a white man, and regarded him 
;t> a person with supernatural powers. 
So large did the demand become for his 
written charms that he grew fairly well off. 
Hut on crossing a desert he was robbed of 
lib horse and clothes and goods by a band 
ot brigands. Worn out, destitute, and 
attacked by fever, which for five months 
kept him prostrate, Mungo Park stayed at 
Kamalia, where he was taken care of by 
a negro trader. On April 19, 1797, lie was 
well enough to be able to join a slave 
ram van bound for the Gambia River, and 
mi June 10 he returned to the factory of 
Pisania, which had been the starting-point 
■'! his journey. 

By this time everybody had come to the 
mnclusian that he bad met with the fate of 
Major Houghton. When he returned to 
England, having made the greatest dis- 
covery in the history of African exploration 

the Niger — he was received with enthu- 
Six feet in height, with a handsome, 
striking face and line eyes, he was warmly 
welcomed in London society ; but after lie 
had written with much difficulty and 
modesty the story of his adventures, he 
returned to Foulshiels and married. The 
remuneration he received from the African 
Association, and the profits from his book, 
placed him for the time in easy circum- 
stances, and there was a chance of a 
bovernment post being obtained for him 
in New South Wales. 

Hut Mungo Park felt the same attraction 
the unknown, mysterious city of 
Timbuctoo as some Arctic explorers feel 
h>r the Pole they have vainly tried to 
reach. He brought a Moor from London 
to Foulshiels, anti learnt Arabic from him, 
mid in 1804 he received a commission from 
the Colonial Office to resume the exploration 
,J t the Niger. He set out from the Gambia 


River on April 27, 1805, but as soon as he 
struck into the interior his men began to 
sicken- and die from fever. By July 29, 
twenty had died or been murdered, and the 
rest were unfit for work. At the beginning 
of August, Park was the only Kuropcan 
with any strength left. On the 19th of 
that month, with the helpless, shattered 
remnant of his caravan, he reached the 
summit of a hill, and saw again the wide 
waters of the Niger rolling through the 
plain. Three-fourths of his soldiers had 
died on a march through nearly a thousand 
miles of hostile country, and Park himself 
was attacked by dysentery. But, taking to 
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a canoe, he sailed down the river towards 
Timbuctoo. 

The Moors continually gathered on the 
banks and fired at him, and he passed 
Timbuctoo with only seven soldiers remain- 
ing alive. Farther down the river, a fleet 
of sixty canoes attacked him. These were 
beaten off ; and alter a voyage of over 
1000 miles down the Niger the country 
of the Moors was passed, and the land of 
the negroes entered. But, in buying 
provisions from the blacks, Park excited 
their cupidity by the rich present he made 
their king. Thinking him wealthier than he 
was, they attacked him at Busa rapids, and 
there Park and his little band of followers 
were massacred as they were struggling 
through the rocks. This probably occurred 
in the autumn of 1805. 
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SIR WILLIAM EDWARD PARRY 
The First Sledge Expedition Towards the Pole 

Sir William Edward Parry, one of the most 
remarkable navigators of the old school, was 
born at Bath on December 19, 1790. The 
son of a distinguished physician, he entered 
the Navy in 1803, when Napoleon declared 
war against our country, and at nineteen 
was promoted lieutenant, and sent with a 
frigate to Spitsbergen to protect the 
British whale-fishery. llis work inspired 
him with that interest in Polar exploration 
which became the passion of his life. In 
1818 lie was given the command of a brig, 
the “ Alexander/’ and was sent with Sir 
John Ross to discover the North-West 
Passage. This was the first expedition 
that followed the track of the great Eliza- 
bethan navigator, Baffin. Ross did little 
more than confirm Baffin’s discoveries, 
and there was a general dissatisfaction 
over his failure. 

A month after his return a new expedition 
was arranged, and the command of it was 
given to Parry. With two ships, the 
“ Hecla ” and the “ Griper/ 1 Parry left 
Yarmouth on May 12, 1819, and, forcing a 
passage through the ice on Baffin Bay, 
reached Lancaster Sound on August 1. 
This was the point at which Ross had 
turned back, thinking the Sound was only 
a bay. Finding open water, Parry crowded 
sail westward, and discovered a magnificent 
series of unknown waterways. Lancaster 
Sound gave way to Barrow Strait, which 
broadened into Melville Sound. As the 
ships sailed along, the needles of their 
compasses began to play strange tricks. 
At one spot a freely suspended compass- 
needle stood practically upright, while a 
little before it pointed due south, instead 
of due north. The fact was that Parry 
was passing above the North Magnetic Pole. 

Stopped at last by heavy ice, the explorer 
wintered on Melville Island, and, by a land 
journey, discovered the open sea leading 
to Behring Strait. It was too far north, 
however, to make the passage to China, 
for the channel remained blocked all the 
year with ice from 40 to 100 feet thick. 
So Parry was reluctantly compelled to 
turn back, and, after one of the most 
remarkable of Arctic voyages, reached 
England in November, 1820. He had 
carried the English Hag more than half 
way from Greenland to Behring Strait, 
passed to the north of the Magnetic Pole 
and the American continent, and discovered 
in Lancaster Sotind a new whale-fishery 
that proved of extraordinary value to our 
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country. Only one of his crew died during 
the voyage of exploration, and his dc.it h 
was not due to any Arctic cause. 

Parry received a reward of £5< )1)() 
offered by Parliament to the man who fust 
passed the half-way spot between Greenland 
and Asia. Then the Admiralty fitted nut 
another expedition under his direction. 
He sailed in May, 1821, with the “ Fur\ ” 
and “ Hecla,” with orders to procnnl 
through Hudson Strait and seek a passu "l* 
by this route to the Pacific. Parry obe\n| 
orders, and found that the strait led to a 
land-locked bay. So he turned norih, 
having lost much time, and was compelled 
by the ice to winter off Melville Peninsula. 

From some Eskimos he learnt there was 
a strait right at the north, and, when (ju- 
ice broke up in July, 1822, he sailed north- 
ward, and discovered the Hecla and Fury 
Strait. But the ice was still unbroken in 
the western part of this channel, and Parry 
had again to winter in the Arctic. 'I'lu* 
next summer his crew were so enfeebled 
that he was compelled to return with his 
two ships to England. A third expedition 
was fitted out for him in May, 1824, by 
the Admiralty. But this time the ice in 
Baffin Bay was very bad, the “ Fury ” 
was wrecked, and the men returned to 
England in October, 1825. This misfortune 
of Parry was afterwards the salvation oi 
Ross. When on the point of dying from 
starvation, with all his men, Ross found, 
and lived on, the stores of the “ Fury.” 

Giving up the search for the North-West 
Passage, Parry made a gallant attempt to 
reach the North Pole. He worked out a 
plan of sailing his ship as far into the ice- 
pack as possible, and then sledging mvi 
the ice. Fixing on Spitsbergen, the same 
of his earliest Arctic voyage, as the centre 
of operations, he reached Trurenberg Bay 
in the “ Hecla” on June 20, 1827, and the 
next day set out, with twenty-eight men. 
and two boats fitted with steel-shod runner?* 
to serve as sledges. He found the ice- 11 * h*- 
small and loose and very rough, and (<>g 
and rain added to the difficulties. Tlie 
party took provisions for seventy-one days, 
and travelled about 580 miles . This was 
the distance from the “ Hecla ” to the North 
Pole, but Parry only reached 82° 45' ^ 
which was 172 miles from his ship. 

The fact was, the party was travelling 
on a vast ice-sheet, which was moving sou! h. 
Sometimes, when they advanced ele\**n 
miles in a day, and then lay down to slap 
in their sledge-boats, the drifting 
carried them seven miles to the south. B 
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u-.h on July 20 that Parry discovered this 
extraordinary event. He saw it was 
issible to reach the Pole under the 
(1 : uli tions in which he was working, so he 
iviurned to England, having achieved 
UK rely the farthest north at that time, and 
im forty-eight years afterwards. He was 
knighted in 1829 for his discoveries, and 
I u 1 >1 noted rear-admiral in 1852. 

Tor many years he was llydrographcr to 
Hu- Admiralty, and towards the end of 
Ids life Lieutenant-Governor of Greenwich 
Hospital. He died at Ems on July 8, 1855. 

ROBERT EDWIN PEARY 

The American who Found the North Pole 

Rear-Admiral Robert Edwin Peary was 
bin 11 At Cresson, Pennsylvania, on May 6, 
1S5O. After studying at Bowdoin College, in 


of the vast, glacier-covered island, and 
discovered Independence Bay. In 1893 
he spent two more years in the Arctic, 
working among the Eskimos of Smith’s 
Sound, and, in the course of his wanderings, 
found huge meteorites near Melville Bay. 

In July, 1898, he again set out north, for the 
purpose of exploring the lands above Green- 
land, and attempting the North Pole. On 
this occasion he was away for four years, 
and he made some remarkable and difficult 
sledge journeys. In the spring of 1902 he 
set out over the Arctic Ocean, from the 
north coast of Grant Land, in another 
attempt to reach the Pole. But at latitude 
84° 17' N. the route became impassable, and 
he had to turn back. 

In the summer of 1905, however, he was 
back again amid the ice, and at the end of a 
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Maine, he became a civil engineer in the 
United States Navy in 1881. Three years 
a i Upwards he assisted in surveying the 
r«Mirse of the inter-oceanic canal which 
hi> country at that time thought of con- 
structing through Nicaragua, and in 1887 
he was made engincer-in-chief of the 
Nicaragua canal survey. But he had 
aln-ady begun his attack upon the North 
l*«>lc by a reconnaissance, in 1886, of the 
inland ice-cap of Greenland. 

All his leisure time for the next five years 
"as devoted to studying the conditions of 
Arctic exploration, and preparing his plans 
h>r his expedition of 1891. He rounded 
Gieenland, breaking one of his legs on the 
v "yage. marched across the northern end 


year he came nearer to the Pole than any 
other man had then attained. In all, Rear- 
Admiral Peary has spent twelve years in- 
side the Arctic circle, and made eight 
voyages and six attempts to reach the Pole. 
He has always taken the route through 
Smith’s Sound, partly by reason of the fact 
that he found there a tribe of splendid 
Eskimos, who were the most northerly in- 
habitants of the earth. Much of his time 
was given to studying them, helping them, 
and making friends with them, for he fore- 
saw from the first that they would be of 
the greatest use to him in his exploring work. 
The society that provided the funds for 
some of the explorer’s expeditions began to 
despair of hearing that the American flag 
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had been planted at the North Pole, but 
Peary was still undaunted. His courage 
dnd his perseverance increased under diffi- 
culties and disappointments until the man 
became practically a Polar fanatic. Beneath 
all his fanaticism, however, there were the 
native shrewdness of his race and an incom- 
parable store of special knowledge of every 
detail of Arctic exploration. 

None of his achievements was a piece of 
wasted work. From each he learnt some- 
thing that helped him to his ultimate 
success. In 1908 a club was formed at New 
York to subsidise him in his eighth voyage 
into the Arctic Ocean. By this time Peary 
had learnt that the North Pole was, like 
Russia, mainly protected from attack by 
“ General February.” So his new expedition 
set out in large force early in the season, 
leaving its winter quarters in the middle of 
February. The party consisted of seven 
white men, seventeen Eskimos, with nine- 
teen sledges and one hundred and thirty- 
three dogs. Having so large a staff, 
Peary was able to send a light advance 
party to prepare the trail, and then 
turn back successive divisions at different 
stages of the journey, leaving the final 
dash for the Pole to be made by a small 
number of men, well equipped and com- 
paratively fresh. 

So excellently was the famous expedition 
planned and equipped that, far from suffer- 
ing any ill effects from hard work and intense 
cold, the party increased in lit ness and 
training as they advanced towards the 
Pole. At a camp at 8 y' J 47' N., Captain 
Bartlett and the last supporting party 
returned, leaving Peary and a negro servant 
and three Eskimos to make the last spurt. 
Peary took with him live sledges and forty of 
the best dogs. On April 1, 1909, the American 
explorer resumed his march northward, 
hoping to reach the Pole by live marches of 
twenty-live geographical miles each. At 
the end of the fifth march a sudden break 
in the clouds somewhere about noon 
enabled Peary to determine his position 
as 89° 57'. After resting for a few hours, 
he set out with a light sledge, drawn 
by a double team of dogs, and, carrying 
only his instruments, went on for another 
ten miles. Then, as the sky cleared, he took 
observations, and found that he had gone 
beyond the Pole. 

He returned to camp, and struck east- 
ward for eight miles, and there took more 
observations, and again found that he had 
reached and crossed the Pole. Five miles 
from the strange, empty waste of ice that so 
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many men had vainly given their lives t< 
reach, Peary found a crack in the ice, and, 
boring a hole there with a pickaxe, he touf 
a sounding of 9000 feet, and found no 
bottom. 

Having planted his flags on the hillock 
of ice representing the North Pole, Piuu \ 
returned south by forced marches. Tin- 
expedition reached Cape Columbia in such 
line trim that the men crossed to Cape 
I lecla, and thence to the ship in two marches 
of forty-live miles each — a magnificent 
piece of work after the greatest and nm-.t 
difficult feat of exploration in history. For 
more than a score of years the North Pole 
has been the object of Peary’s every effort ; 
lie has spent nearly twelve years out ni 
twenty-three, between his thirtieth and 
fifty-third birthdays, in the frozen wilder- 
ness. No man has worked so hard at the 
task, so none so thoroughly deserves the 
pure and noble fame which Rear-Admiral 
Peary has won. 

WILLIAM MATTHEW FLINDERS PETRIE 
Who Went Back Ten Thousand Years 

Professor William Matthew Flinders 
Petrie, the greatest explorer with a spade 
that ever worked amid the sands of Egypt, 
is a grandson of Captain Matthew Flinders, 
who, as a midshipman, first circumnavigated 
Tasmania, and afterwards explored more 
than one half of the coast of Australia. 
Professor Flinders Petrie was born at 
Charlton on June 3, 1853. At twenty-live 
lie began the work of his life by studying 
Stonehenge and other prehistoric remains 
in his native country. He entered on his 
work of digging up history in 1880, and in 
189?. was appointed Professor of Egyptology 
at University College, London. hi the 
same year he founded the Egyptian Re- 
search Account, which has developed into 
the British School of Archaeology in Egypt. 

Flinders Petrie is renowned for the 
important discoveries he has made. He h:n 
changed completely our knowledge of the 
earliest civilisations ; he has found the 
Egyptians of the Stone Age ; he lias un- 
earthed some of the earliest kings of the 
Age of Bronze, and has united the story « 'I 
Egypt with the story of the surrounding 
empires by discovering the letters that 
passed between the rulers of these gnat 
nations more than 3500 years ago. None 
of these achievements was due to happy 
chance. They fell to Flinders Petrie bc- 
cause he was the first man to reduce the 
search and the excavation of antiquity 
to a laborious science founded on lai'g*- 
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experience and careful and exact methods. 
\\'iu*n he first came to Egypt another English 
antiquarian begged him to pack and send 
him a box of pottery fragments from each 
ouxit town, on the chance that from the 
hnown history of the site some guess could 
l,i* made as to the age of the objects -so 
complete was the ignorance of the funda- 
mentals of archaeology thirty years ago. 
\nw, thanks largely to Professor Petrie 
himself, a bit of pottery is the most valuable 
material an excavator can find in digging 
m strange places. It provides him with 
a dale. 

Wi 


and by working with his men he learned to 
tell, often from the look of the ground, if 
there was anything buried there 

His most surprising discovery was made 
at the burial-place of the Egyptian kings 
of the First Dynasty. For four years a 
French exploration party, under the direc- 
tion of Amelineau, had been digging away 
at the spot, and had opened ail the tombs 
but one. The French excavator was so 
certain that he had exhausted the. site that, 
though there was another year of his con- 
cession to run, he would not trouble to work 
any more at the place. 
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Flinders Petrie arrived at his discoveries 
by being his own chief workman. When 
anything was found, his diggers left it in 
Hie soil for him to clear it. After the first 
u,r k of labour, feeling for delicate things 
bi the earth in a- way that no tools can do, 
bn 1 skin of his fingers was almost worn 
through, and his nails broken down. But 
bv keeping at the job for another fortnight 
he grew his own gloves, for his skin 
b' aimc so thick that lie was able to linger 
through tons of grit and sand without 
hurting his hands. Most of the .time he 
bved in a tent upon the edge of a desert, 


This was the opportunity for which the 
Englishman had been waiting. He went 
over the rubbish heaps left by the French- 
men on Abydos Plain, discovered the 
throne-names of four kings of the First 
Dynasty, and unearthed the hand-moulded 
pottery of their people. He even found the 
toys used by the babies of the Stone Age, 
and the jewel-box of a chief’s wife, orna- 
mented with drawings of fishes and gazelles. 
The furniture of seven kings was recovered, 
and pieces of pottery made by the early 
Cretans. A new vista into the beginnings 
of what is perhaps the earliest civilisation 
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was opened up by the things collected from 
rubbish-heaps left by the Frenchmen. 

The work completely changed the current 
ideas of the general course of development 
of human society. It is now known that, 
from the ores used by the early Egyptian 
women to paint their faces, the art ol 
smelting copper was discovered. Very 
likely some woman dropped a piece of 
malachite, or the cosmetic paste prepared 
from it, into her charcoal fire. The bead of 
metallic copper so obtained formed the 
starting-point of the Bronze Age of the 
world of which Egypt was the inventor. 
Since Flinders Petrie discovered the first 
burial-place of the earliest Egyptians in 
1894, the work he began has been con- 
tinued by Dr. Reisncr and other excava- 
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tors, with the surprising result that the 
earliest Egyptians and the ancient Britons 
who built Stonehenge seem to belong to 
the same original stock. 

They formed part of the so-called Mediter- 
ranean race, which is seldom more than live 
feet in height, when still free from admix- 
ture with Celts and Northern Europeans. 
But, like ourselves, the prehistoric Egyp- 
tians were afterwards mixed with the 
Celts, who learned from them how to use 
bronze weapons, and the historic race of 
Egypt was formed by an amalgamation of 
the two races. In his last book, “The 
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Revolutions of Civilisation,” Flinders lV,j 0 
takes the view that every civilisation 
grows and decays, so that none can l tl> t 
He holds that only by intermarri.i^, 
with a more virile and perhaps m.»rc 
barbaric stock ran the people of a highly 
civilised country win the strength to endurj. 
Such, at least, are the ideas that have 
occurred to him after working for many 
years in exploring the strange adventures 
of the most remarkable race in the world. 

AUGUSTUS HENRY PITT-RIVERS 

A Tracer of the Evolution of Human Arts 

Augustus Henry Lane-Fox Pitt-Riwrs. 
the son of W. A. Lane-Fox, of Yorkshire 
was born on April 14, 1827. He adopted the 
name of Pitt-Rivers late in life on succeeding 
to the property of Lord Rivers. Altn 
studying at Sandhurst, he entered the 
Grenadier Guards in 1845, fought in tin.* 
Crimea, and was employed in investigating 
improvements in the new rifle introduc'd 
into the Army in place of the smooth -1 hut 
musket. He was the originator of tin 
Hythe School of Musketry. Struck by tin- 
fact that modern weapons of war \uiv 
developed by small and continual changes 
and that no far-reaching outburst of in- 
ventive imagination suddenly and com 
pletely revolutionised a gun or a rifle, tin* 
young officer decided to ascertain if this was 
the general law in all human arts. 

So lie began collecting the weapons and 
tools of savages and prehistoric races in 
1831. By using a scientific system of classi- 
fying the earliest objects of human making, 
he was able to show that they had all been 
gradually improved by the same method <>t 
small and successive modifications wliii li 
he had observed in the case of the modern 
rifle, llis collection was the first appli- 
cation of the theory of evolution to the 
primitive arts of mankind. Exhibited at 
Bethnal Green Museum in 1874, it pro- 
foundly modified all ideas of primitive and 
savage man, and brought the entire course 
of arts and industries under the law ot 
evolution. The collection grew so laige 
that Pitt-Rivers was unable to house it. 
He offered it to the British Government ; 
and when his offer was refused the Universit v 
of Oxford gladly accepted the magnificent 
collection, and built the Pitt-Rivci* 
Museum to contain it. 

Pitt-Rivers further distinguished him-h 
by being the first man to discover the 
weapons of the Old Stone Age in Egypt, 
thus proving that this seat of one ot the 
earliest of civilisations was inhabited b> 
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nun many thousands of years before its 
known history began. But it was in 
England that the discoverer of the evolu- 
tion of human arts fully displayed his 
imploring genius. Under the will of George 
pitt. who died in 1828, he succeeded in 
1 ,sSo to the vast estate of Cran borne 
( luse, lying to the west of Salisbury. It 
consisted of 29,000 acres of land, un- 
touched by excavators, and containing 
part of the primitive forest that had sheltered 
the first tribes inhabiting Britain. Up to 
this time nearly all the work of digging 
up the remote history of our country had 
Urn conducted by amateurs, who often 
destroyed the most valuable evidence in 
their search for striking objects. Pitt- 
Kivers was an excavator of the modern 
.scientific school. What he valued above all 
the vestiges of the prehistoric past were 
pieces of broken pottery of the most 
insignificant appearance. Failing these, the 
ah-rnce of pottery in ground that had been 
most carefully examined was to him a matter 
ot the highest importance. His incom- 
parable knowledge ot primitive industries 
enabled him to use pottery in ascertaining 
the date and the state of culture of the 
inhabitants of the villages and earthworks 
buried under the dust of thousands of years 
m Cnmborne ("base. 

He engaged a skilled staff of draughts- 
men, anatomists, and excavators, and drove 
trenches through the ancient forest. He 
measured the depth at which every piece 
of evidence was found, and usually photo- 
graphed each find of importance in the 
place in which it lay. Very happy were 
the discoveries he made. The race of 
hi i tons inhabiting the Chase was very 
"mail in stature. The average height of 
the women was about 4 feet 10 inches, and 
that of the men was 5 feet 2 -I inches. The 
G its had never been able to conquer these 
descendants of the early settlers. More- 
over, after the Romans left, the small, 
dark-haired forest-dwellers had kept the 
heading Saxons at bay for a long time, 
;| nd at last intermarried with them. Pitt- 
Khers was able to point out their de- 
fendants among the modern population 
our country; and later men of science 
haw been able to find some grounds for 
file idea that these early settlers did not 
"peak a European language, but were 
plated to the Basques who have survived 
j n die Pyrenees. They were probably the 
‘ lw > Cultivators of the soil of Britain. 

Jhtt -Rivers built a local museum to 
contain the valuable materials .that he 


dug up on Cranborne* Chase before he died, 
on May 4, 1900. 

MARCO POLO 

The Greatest of All Land Explorers 

In 1260, eighteen years after the Mongols 
had established their rule from Poland to 
China, two Venetian noblemen set out 
from Constantinople on a trading venture 
in the Crimea. The Crusaders still held the 
coast of Syria, and the Christians of Europe, 
having beaten back the Mongols, hoped to 
turn these terrible enemies against the 
Mohammedans. The two Venetian pa- 
tricians were Maffeo Polo and Nicolo Polo ; 
they were brothers, and Nicolo had married 
and left his wife at Venice, where, unknown 
to him, she gave birth to a boy, Marco Polo. 

In the Crimea the adventurous merchant- 
princes found a remarkable opening for 
commerce. The Mongols, rich with the spoils 
of half the world, eagerly welcomed them ; 
and by following every opportunity the 
Polos travelled at last right across Asia, 
and arrived in China at the Court of the 
Great Khan, Kublai. The Mongol em- 
peror was delighted with the two Venetians, 
and much entertained with the tales they 
told him of European life and inventions. 
He came to the conclusion that the Chris- 
tain religion would be an excellent instru- 
ment for civilising his savage hordes, and 
he sent the Polos as his ambassadors to 
the Pope, asking for a hundred missionaries 
to convert his people. 

The brothers arrived at Acre, in the Holy 
Land, in April, 1269, and there heard that 
the Pope was dead, and no successor yet 
appointed. Two years passed before the 
cardinals chose a new Pope. In the mean- 
time the Venetian explorers returned to 
their native city, and Nicolo found that 
his wife was dead, leaving him a son, the 
famous Marco, then about fifteen years 
old. Gregory X. was at last made Pope ; 
but such was the corruption of the Church 
at the close of the thirteenth century that 
a hundred missionaries could not be 
found. Only two Dominicans were willing 
to risk tlieir lives in converting the Mongols, 
and they, too, lost courage at the beginning 
of the expedition, and turned back. 

In November, 1271, the two Polos set out 
from Acre, and Marco, thrilling with youth- 
ful zest for the great adventure, accompanied 
them. The travellers struck out for Bagdad, 
and, reaching the Persian Gulf, turned 
northward through. Kennan, Khoristan, 
and Balkh. Crossing the upper Oxus, 
they went over the Pamir highlands, and 
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arrived at the awful dfescrt of Takla-makan, 
Skirting it, they passed by Khotan, anti 
other towns now buried in the sands, and 
reached Lake Lop- never again seen by 
Europeans till the nineteenth century — 
and from there they traversed the great 
desert of (iobi, and, entering China, reached 
the Court of the Great Khan in May, 1275. 

Kublai took very kindly to Marco, now 
a young man of twenty-one. Up to this 
time Marco had owed everything to the 
courage and experience of his father and 
unde. Theirs was entirely the credit for 
the two most remarkable feats of land ex- 
ploration known to history, ranking in 
importance with that of Columbus, and, 
indeed, directly inspiring him, hundreds 
of years afterwards, with the idea of his 
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/oyage. At the Court of Kublai Khan, 
Mareo began .to distinguish himself, lie 
studied the languages and written cha- 
racters of the diverse races governed by 
the Mongolian emperor ; and partly out of 
personal liking for the young Venetian, and 
partly out of admiration for his talents, 
Kublai appointed him a Government officer. 

This part of Marco Polo’s story is con- 
firmed by the Chinese annals of the Mongol 
dynasty. It is therein recorded that in 
1277 Polo was made a second-class com- 
missioner. In the course of his duties, 
Marco explored the Chinese provinces of 
Shansi, Shensi, and Szechwan. Knowing 
that Kublai delighted in tales of the strange 
manners and oddities of nations, Marco 
collected all the curious facts likely to 
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interest the Mongol ruler. He did this 
especially in his travels through Eastern 
Tibet and Yunnen, and on returning t 0 
Court he rapidly rose in favour. For tlm-c 
years he governed Yangchau, and in lib 
wandering roamed south to Cochin-Chim. 

In the meantime, his father and unde 
had been helping the Great Khan in his 
wars, by constructing for him new and 
powerful engines of attack. Naturally, the 
three Venetians became very wealthy while 
enjoying the friendship of the mightiest 
ruler in the world. But, when they spoke of 
returning to Europe, Kublai refused to let 
them depart. They had become too valuable 
to him in many ways. 

Happily, the fame of the Venetians had 
spread to Persia, where a great -nephew of 
Kublai reigned, and he sent to China for a 
bride of his own tribe. His ambassadors 
asked that the Polos might also come to 
Persia, and Kublai at last, agreed to this, 
and gave the Venetians messages to the 
King of England and other European 
rulers. As there was war along the hind 
route from China to Persia, the bridal party 
went by sea, leaving China in 1292. The 
expedition stayed at Sumatra and Southern 
1 ndia, where Polo collected much information 
about these unknown parts of the world, b 
was two years and more before Persia w.b 
reached, and the Polos did not regain 
Venice until 1295 

They came to Venice dressed in T;.*hir 
costume, and they had halj^orgottcn tlieii 
mother tongue. Even their closest re 
latives refused to acknowledge they were the 
Polos. But they gave a magnificent tc;M. 
dressed in the rich attire of their own 
nobility, and after dinner they brought «mt 
their rough Tartar dresses, and ripped them 
open, revealing the wealth of diamond**, 
rubies, emeralds, and other precious stone* 
they had won in their adventures. So t licit 
relatives 110 longer held back from them ! 

The Polos became famous, and the m‘\i 
year Marco was given the command oi a 
galley in a sea-fight with the Genoese. 1 In* 
Venetians were completely defeated, anil, 
with a multitude of his comrades, Man 1 "* 
was captured and imprisoned at Genoa. A 
fellow-prisoner from Pisa, who had won m mu' 
fame as a compiler of French romances l«»r 
King Edward of England, suggested to 
Marco that he should dictate the stow ot 
his travels in Asia. So Marco spent lib 
term of imprisonment in dictating l* 1 ' 
adventures to the journalist of the Middle 
Ages. Released from prison, he retmmjd 
to Venice, married, and lived aumtly 
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inti happily, making his will on his death- 
bed in January, 1324. 

NIKOLAI MIKHAILOVICH PRJEVALSKI 

The Greatest Explorer of Central Asia 

In spite of the extraordinary progress 
by the nations of Europe in many 
din*, tions in 1870, little was then known 
a 1)uut the central regions of Asia. A number 
uf nu n were ready to risk their lives in the icy 
wastes of the Poles and the tropical jungles 
u f Africa and South America, but no one 
siTim d to care to follow the path through 
tla' 1 normous desert of Gobi taken by Marco 
Pi ili » and his companions six hundred 
wars before. Dim traditions of difficulties 
to which European travellers were un- 
arc'ibtoined no doubt kept back some men ; 
political obstacles damped the ardour of 
other adventurers; and there were those 
who thought that the great cost and ex- 
ceeding peril of exploring the vast, strange 
wilderness would not be repaid by any 
results of importance. 

As a matter of fact, the expense of the 
f, minus expedition that rolled back the 
curtains of mystery and terror from Central 
Asia, was less than £25. It was undertaken 
l»v a young officer in the Russian Army, who 
merely set out with a couple of companions 
in search of sport. Happily, lie was a first- 
rate geographer as well as an enthusiastic 
hunter. Getting well into the sea of sand 
m pursuit of new game, he found that with 
•'mirage and endurance a white man could 
make liis way from oasis to oasis as safely as 
; niative tribesman. So he stayed there for 
thirty-four months, covered 7320 miles, 
and accomplished the most remarkable 
jmirney through Asia in modern times. 

It it were not for the difficulty of pro- 
nouncing his name, Nikolai Mikhailovich 
IVjevalski would be as world - famous 
^ Livingstone or Stanley. He is, indeed, 
th<* Stanley and Livingstone of Asia,, 
°ne of the greatest explorers of all time. 
Even Hcdin has merely followed where he 
M. He came of an old Cossack family 
Httlrrl at Kimbory in the government of 
j'lnoKnsk. Born on March 31, 1839, he lost 
uL father at an early age, and was taught 
p liis mother. As a toy he hunted in the 
hjrwts of Smolensk, and there acquired 
!v at passion for sport that afterwards made 
11,11 ui explorer. As a Cossack noble he was 
horn to a military career, and at sixteen he 
to'came a subaltern, and next year an 
omar. Entering the Academy of the 
Jtnfr al Staff, he took up the study of geo- 
CTa Pliy, and distinguished himself by a 
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dissertation on the Amur region, the scene 
at that time of the rapid and continuous 
forward movement in Russian expansion. 

He naturally hopxl that his work would 
lead to his being sent to the land of adven- 
ture he had especially studied. But to his 
disappointment he was made a teacher of 
geography at a military school at Warsaw. 
But this apparent check to his ambitions 
was a fortunate thing. His new field of 
work made a man of science of him, and 
gave him the training and the knowledge 
necessary in his future exploring expedi- 
tions. At last, in 1867, he was given a posi- 
tion on the General Army Staff, and sent to 
Irkutsk, and he began the great work of 
his life by exploring the Usuri, a southern 
tributary of the Amur. Then in November, 
1870, he sot out on the hunting raid that 
brought him all the adventure he longed 
for, and more fame than he ever dreamed of. 
He roamed from Pekin to Tibet, crossing 
the Gobi Desert twice, discovering the wild 
camel amid the waste of sands, and the wild 
yak among the mountains of Northern 
Tibet. He readied the source of the Yang- 
tse : I<iang, and was within a month’s 
march of Lhasa, when the conditions of 
his camels and the state of his funds com- 
pelled him to return. 

In 187b lie struck out from Russian 
territory into the terrible Takla-makan 
waste. This is really the western extension 
of Gobi, but it is much worse than the 
larger and more famous-of Asian deserts. It 
is a region of death— Hi sea of huge sand- 
waves in which not a gnat can live for want 
of water. Following the River Tarim, that 
skirts the northern edge of the lonely 
wilderness, Prjevalski came to a wide 
marshy lake where all the water ended. It 
was the ancient and mysterious Lob-nor, 
the lake seen by no European since Marco 
Polo. Century by century it has grown 
saltcr and smaller, and it is now a marsh, 
that strangely changes its position, rather 
than a body of water. For thousands of 
years the rise and fall of the water in this 
strange, withdrawn desert lake formed the 
pulse of the world. For at each fall the 
thirsty, starving tribes of Central Asia 
migrated, and fell in wild, fierce, predatory 
hordes on the civilisations of the Eastern 
and Western world. 

On his third expedition, in 1879, the 
Russian explorer found the wild horse in 
the desert of Dzungaria, a kind of outlying 
aim of the great Gobi. He also came 
across more wild camels. Among the other 
new animals he found in the course of hi s 
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explorations were an unknown variety of 
antelope and a new kind of sheep, while the 
wild yak was often met by him. In his 
third journey he collected 4500 birds, 
fishes, and mammals, and 6000 insects. On 
this occasion lie travelled 14,700 miles. He 
crossed the western Gobi, explored South 
Tsaiden and Mongolia, and marched on 
Lhasa. But when he was within 170 miles of 
the Holy City of Buddhism he was turned 
back by the lamas. 

His last expedition set out in 1883 from 
Urga. Crossing the Gobi in its wildest part, 
he turned southward in 1884, and reached 
the sources of the Hoang- ho in a region 
known to Chinese geographers as the Sea of 
Stars. It lies among the mountains on 



MARC ANTON IO RAIMONDI 


the north-east of the Tibetan tableland -a 
tussocky marshland dotted with small 
lakes, and showing signs of having once 
been the bed of an inland sea. It was the 
first time that a European had seen this 
remote and secluded country. Prjevalski 
then went back to the Lob-nor Desert, and 
completed his earlier survey of the strange, 
-vanishing sea. He returned west by the 
desolate Kuen Luen mountain range, and 
struck into the Takla-makan wilderness at 
Kliotan, and discovered a double row of 
heights in this terrible desert. Raised to 
the rank of general by the Russian Govern- 
ment, and honoured by learned societies 
throughout the civilised world, Prjevalski 
began his fifth journey in the autumn of 
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1888, intending to penetrate to Lhasa, but 
died at Karakol on October 20, 1888. 

MARCAN TONIO RAIMONDI 
A Modern Explorer of Peru 

Until quite recently more than half of 
the territory of Peru was unknown land. 
Consisting of wild, mountainous country, 
stretching eastward from the lower slops 
of the Andes, its dense primaeval forests 
shut out the forces of civilisation. The 
forest had stayed the power of the ancient 
Incas ; it had resisted the Spanish colonist, 
and at the middle ol the nineteenth centuiv 
it was sparsely peopled by scattered bands 
of wild Indians, and as mysterious as 
Central Africa. 

The Peruvians had 110 passion lot 
exploration ; they were busy enriching 
themselves by the exploitation of tin* 
resources of the coast lands. It was an 
exile from Italy, Marcantonio Raimondi, 
who took up the task of discovering regions 
of Peru that had remained unknown from 
the dawn of American civilisation. Born 
in Milan, in 1826. Raimondi in his youth 
studied medicine and various branches <4 
science, and threw himself eagerly into all 
the patriotic movements by which t lu- 
Lombards sought to free themselves from 
the yoke of Austria. But after the disastrous 
battle of Novaro, in 1841), lie joined the 
stream of Italian refugees who settled in 
South America. His distinguished gills 
were appreciated by the Peruvians, anil lie 
was made professor of medicine at Limn, 
and for twenty years he also occupied the 
Chair of Natural History in this famous 
town. I11 intervals of leisure bid ween hi> 
work of teaching he studied the geology, 
geography, and natural history of hb 
second fatherland, and thus prepared 
himself for the great achievement of his 
life— the scientific exploration of the large 
unknown tracts of land in Peru. 

He began in the province of Caraway, 
renowned for its gold-mines. Travelling <>11 
foot, he mapped out the various streams 
descending from the Cordillera Nevada 
No one at that time knew in what direction 
these waters flowed, or what tributary 
the Amazon they swelled. In each of the 
deep gorges through which he advent in i d 
Raimondi found distinct and peculiar kin<l> 
of birds, insects, and shells, showing that 
in these lonely gashes in the mountain* 
the evolution of life had proceeded t' 11 
ages on new lines. He proved, in fact, that 
mere isolation was an important factor w 
the origin of species. 
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After mounting from the tropics to the 
miows, he crossed the Andes, and descended 
to the steaming heat of the lower slopes. 

thick was the growth of palms, tree- 
terns, and trees that in places the explorer 
walked in darkness, though the sun was 
blazing in tropical splendour on the matted 
roof of foliage above his head. Here began 
the extraordinary forest of South America, 
stretching without a break from the Andes 
to the Atlantic. Ocean. A much-dreaded 
tribe of savages — the C buncos — roamed the 
d range twilight land. After studying the 
Peruvian portion of the Amazon, Raimondi, 
in 1866, turned southward and investigated 
some of the chief tributaries of the Ucayali. 
He found that even in the dry season small 


SIR WALTER RALEIGH 
A Founder of the British Empire 

Sir Walter Raleigh, whom Dean Stanley 
termed “ the father of the United States/" 
and who certainly was a founder of the 
British Empire overseas, was born at Hayes, 
near Budleigh Salterton. South .Devon- 
shire, in, it is believed, 1352. His father, 
head of an. ancient house, which was con 
ncctcd with many distinguished Devon 
and Cornwall families, had married, as his 
third wife, Katherine, daughter of Sir Philip 
Champcrnowne of Modbury. She was 
already a widow, and mother Of Humphrey 
and Adrian Gilbert, who were thus step- 
brothers to Raleigh. The name of Raleigh, 
by the way, is known to have been written 
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Reamers could go 1022 miles from the 
me mth of the Ucayali. 

9 wing largely to the fine pioneer work of 
Kaimondi, the Peruvian Government began 
to encourage explorers to adventure into 
die great forest, in the hope that they 
tt'nuld discover a short commercial route to 
hurope by way of the Amazon and the 
Atlantic. Raimondi himself was able to 
Kive more time to collecting and arranging 
die materials he and other men discovered . 
His own explorations and researches covered 
almost every part of the republic, and out 
() 1 them he began to build a monumental 
xv< >rk, entitled “ El Peru.” But during the 
XVar between Chili and Peru large portions 
his manuscripts were destroyed, and 
"lion he died, on November 1, 1890, only 
d»c first three volumes had been published. 


in some sc vent y different ways. The popular 
spelling, which is here adopted, is said never 
to have been list'd by .Sir Walter. 

As a boy, Raleigh was devoted to lit era- . 
lure, as indeed he was all his lift*, but there 
is historic foundation for the charming pic- 
ture of Millais which represents him sitting, as 
a handsome lad, listening with rapt atten- 
tion to the story of some hardy adventurer 
who had returned from distant voyages 
overseas, who had to tell of strange waters 
so thick with fish as to impede the progress 
of the little, half-decked ships in which 
Englishmen went out ; of lands seamed 
with gold and silver, whence the wicked 
King of Spain derived his wealth, and of 
many a stirring adventure beyond that 
wondrous Western Ocean. 

The spirit of adventure leapt up in the 
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heart of the boy, and he had barely 
passed through Oxford when, at seven- 
teen, he was off to the wars to strike a blow 
for his religion under the Huguenot flag in 
France. It is stated, on doubtful authority, 
that he was in Paris onthedayof the Massacre 
of St. Bartholomew. We know that he 
accompanied Sir Humphrey Gilbert’s un- 
successful expedition of 1578, an expedition 
nominally for the purpose of exploration, 
but in reality a privateering adventure. He 
first becomes an important figure to us 
when he appears in Ireland in command of 
a troop sent to help put down the rebellion 
raised by the emissaries of Spain. He 
assisted gallantly at the capture of the 
fort, and took part in the proceedings in 
which the garrison, to the number of six 
hundred, were put to the sword. The 
presence of this hostile force in Ireland, 
when England and Spain were at peace, 
affords an interesting sidelight upon the 
actual relations between the two countries, 
and explains, as no argument could, how it 
was that Drake and Frobisher, and Raleigh 
himself when at sea, behaved as pirates. 
This Spanish garrison in Ireland consisted 
of pirates, and the history of their foray may 
well be read in conjunction with the reply 
made by Elizabeth (in the life of Drake) to 
the Spanish ambassador’s complaint after 
the return of Drake from his circum- 
navigation of the globe. 

The story told by old Fuller of Raleigh’s 
introduction to Queen Elizabeth, of his 
spreading his gorgeous cloak to guard her 
from the mud is, to vary a Scots verdict, 
" not disproven.” But, whatever the fact 
as to his introduction, there is no doubt as 
to the high position in the esteem of that 
susceptible sovereign to which he at once 
advanced. He presented a splendid figure, 
with his dark hair and fine colour, and his 
graceful, lofty bearing. He was renowned 
for valour and high courage as well as for 
prudent counsel ; and these qualities, with his 
wit and eloquence, allied to a facile and 
graceful pen, made him the beau-ideal of a 
courtier. Elizabeth heaped honours and 
emoluments upon him, made him captain of 
her guard, gave him great estates in England 
and Ireland, and presented him with rich 
monopolies. But she kept him ever near her 
person, and would not allow him to undertake 
personally any of the oversea ventures he was 
constantly planning. If he could not go in 
person, he put money into the ventures of 
others ; and many a good guinea of his went 
to that operation in which Drake delighted, 
" singeing the King of Spain’s beard.” He 
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had in this way a principal share in estab- 
lishing the Newfoundland colony which co-t 
Sir Humphrey Gilbert his life, and h£ himself 
sent out the expedition which surveyed, and 
in the Queen’s name took possession of Un- 
territory which she herself named Virginia. 

The story of that colony need not b«* 
recalled at this place. Raleigh spent 
£40,000 — at least a quarter of a million of our 
currency — upon the scheme, and did not 
live to witness its success. But he had 
given England an idea and an ideal — that of 
Britain beyond the seas. Since Raleigh's 
day the British Empire has increased by 
over eleven million square miles, but tin* 
colony that he founded was one of the first 
territories over which the English ling 
ever flew other than the impossible pm 
vinces we once held in Europe. Calais, 
our last stronghold on the European Con 
tinent, passed from us with the reign nl 
Mary ; in the reign that followed we colon- 
ised part of America by way of compen 
sation, just as in later days we were to 
possess ourselves of Australia in place ol 
the lost United States, of which Raleigh 
was truly the father. 

One of the material comforts that Raleigh 
derived from his enterprise resulted from t In- 
bringing home by his servant of the first 
potatoes and tobacco received in thb 
country. Drake, it is true, had brought to 
England some few leaves of the weed, hut 
Raleigh smoked it, popularised it at Omit, 
and was, without doubt, drenched by In- 
servant who entered his room to find hi- 
master, pipe in mouth, apparently on lire 
Raleigh himself cultivated the potato on 
his Irish estate, so bestowing an inestimable 
gift on Ireland. The first English potatoes 
seem to have been grown in the Strand, in 
the garden of Lord Burghley, to whom some 
were given by Raleigh. 

A cloud now appeared upon Raleigh s 
horizon. A new star arose in the Couit 
firmament- -Essex, bold, insolent, haughtv ; 
and he, gaining the place of the fonmi 
favourite, caused his withdrawal to frclainl. 
where he was consoled by the friendship <>• 
Spenser, who celebrated him as the “ Slap 
herd of Ocean,” and was borne by Raleigh, 
restored to favour, to the presence of tin' 
Queen. Raleigh took an active part m 
raising the country in anticipation of tin 1 
Spanish Armada, but there is considers 1 'L 
doubt as to the part he actually played in * he 
fighting. There never stepped a n;«»re 
valiant defender of our land than Raleich 
but there never was a more insistent On* • 11 
to keep a gallant man at home. 
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Raleigh's next disaster arose from the 
discovery of his liaison with Bessy Throg- 
morton, one cf the Queen's beautiful 
maidS’rof-honour. Both the lovers were 
thrown into the Tower, where Raleigh was 
kept prisoner for four years, only regaining 
his liberty in order that he might safeguard 
a rich Spanish prize from the rapacity of his 
fellow Devonians upon its being taken into 
Dartmouth, lie eventually married Bessy 
Throgmorton, but sailed to Guiana, explored 
Trinidad, and the Orinoco for some hundreds 
of miles, and returned with stirring stories 
of the tropical splendours of the scenes he 
had witnessed, and of inexhaustible stores 
ot gold. He had a glorious part in the 
action against Cadiz, and in the expedition 
of 1597 against the same enemy at the 
island of Fayal, which Raleigh captured 
before his leader, Essex, arrived. 

Raleigh was gradually restored to favour, 
sat in Parliament, and nobly defended 
religious liberties. Macaulay's picture of 
him in his prime relates to a time slightly 
earlier than this, but it is worth recalling 
here as bringing into sharper contrast the 
scenes that were to follow : “ Raleigh, the 
soldier, the sailor, the scholar, the courtier, 
the orator, the poet, the historian, the 
philosopher, whom we picture to ourselves 
sometimes reviewing the Queen’s guard, 
sometimes giving chase to a Spanish 
galleon, then answering the chiefs of the 
country party in the House of Commons, 
then again murmuring one of his sweet 
love-songs too near the ears of her Highness’s 
maids-of-honour, and soon after poring 
over the Talmud or collating Polybius 
with Livy.” But dark clouds gathered 
about him with the accession of James I., 
whose mind was poisoned against him by 
the crafty Cecil and the faithless Lord 
Henry Howard. He was stripped of his 
“llices and the bulk of his possessions, 
declared to have conspired to set Arabella 
Stuart on the throne, tried, found guilty, 
and sentcnceel to death upon charges as 
baseless as ever imperilled the life of any 
man. In vain was Raleigh's noble and 
eloquent defence, a defence which caused 
Hudley Carleton, who heard the trial, to 
s ay that when it began he would have gone 
^ hundred miles to see Raleigh hanged, 
hut ere it was closed he would have gone 

thousand to save his life. 

Raleigh was reprieved on the scaffold, 
hut kept a prisoner in the Tower for 
i"urteen years. There the only worthy 
member 01 the Stuart family, Prince Henry, 
v ^ited him. “ No man but my father would 


keep such a bird in such a cage,” the 
amiable young Prince declared. For Prince 
Henry, Raleigh modelled a ship ; for him 
he composed moral and political discourses, 
and began his noble " History of the 
World.” Raleigh ceased the work with 
the death of the Prince, and the " wisest 
fool in Christendom ” stopped its sale, on 
the ground that it was " too saucy in 
censuring the acts of kings.” Yet it only 
comes down to 130 b.c. ! After fourteen 
years of imprisonment, during which the 
greatest scientists anti wits of the age 
visited and cheered him, Raleigh was 
released to carry out another expedition to 
Guiana. The expedition was a failure. He 
did not discover his gold-mine, though it 
existed and has since yielded millions. 
To compensate for his disappointment he 
sought to enrich himself, as was the custom, 
at the expense of a Spanish settlement. 
James was conciliating the traditional 
enemy, and made Raleigh’s foray the 
pretext for putting into execution t lie death 
sentence passed fifteen years earlier. Raleigh 
accepted his doom with absolute composure 
and fortitude, and, reproved for his high 
spirits, said, “ It is my last mirth in this 
world ; do not grudge it to me.” Raleigh 
was beheaded in Old Palace Yard on 
October 29, 1618. To one who objected, 
as he knelt at the block, that he should 
lay his head towards the east, he replied, 
“What matter how the head lie, so the 
heart be right ?” Than which, says Gardiner, 
no better epitaph could be found for him. 

SIR HENRY RAWLINSON 

An Explorer of the Dead Past 

Henry Creswicke Rawlinson was born at 
Chadlington, Oxford, on April n, 1810. 
At seventeen he sailed for Bombay as a 
cadet of the East India Company. It 
chanced that on board his ship was Sir 
John Malcolm, a governor of the company, 
and a prodigious linguist. To his good 
offices the friendly relations between Persia 
and England were largely due. Rawlinson 
was tired by the conversation ol his chief to 
emulation, became deeply interested in 
Persian lore, and showed himself marvel- 
lously adept in the acquisition of Persian 
and the Indian dialects. Among the 
student interpreters of our Foreign Office 
staff are many youthful marvels of learning, 
and it sometimes happens that a man, 
stai -bespangled with half the Orders of 
Europe in commemoration of embassies 
at the great Courts, has half the vernacular 
tongues of the romantic East at the back 
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of liis tongue. Rawlinson was an early and 
notable example of the type. Fortunately, 
Rawlinson specialised less, confining himself 
more particularly to Oriental tongues. He 
obtained a notable mastery of the ancient 
with the modern ; and as to the latter, 
Anninius Vanibery, himself a prince of 
polyglots, says, describing an interview 
with him, “ Although 1 was able to lead 
an English conversation, still, for the 
sake of fluency, l preferred Persian, of 
which Sir Henry was a perfect master, 
and which lie handled with exquisite 
refinement.” 

Rawlinson became an interpreter at the 
end of his first year’s course, and dis- 
tinguished himself by his smartness as a 
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soldier and horseman. He made a famous 
ride of 750 miles in 150 hours to carry 
important news to Teheran. He showed 
himself a brilliant military organiser and 
fighter, and a talented diplomatist ; helped 
to reorganise the Persian military forces, 
held civil appointments at the Courts of the 
Shall and the Sultan, and, sent to Kandahar, 
maintained British influence throughout 
the period of the massacre, and of Pollock’s 
punitive expedition. These matters, together 
with his career in Parliament and his work 
as Persian ambassador, belong, however, 
to the main stream of nineteenth century 
history. We are concerned here with his 
4894 


work as an explorer, and that not so much 
as an explorer of territory as of the fascina* - 
ing domain of dead history. 

Layard unearthed the monuments < f 
the past ; Rawlinson gave them speech and 
language, made dead giants live, and 
Biblical figures declare themselves anew in 
the very words they had uttered for commit - 
ment to stone twenty, thirty, and forty 
centuries before. His interest in the woik 
was aroused by his explorations first m 
Susiana, and afterwards through Persian 
Kurdistan ; and it is worth noting that it 
was his desire to prosecute researches heiv 
that caused him to take the post of political 
agent in Turkish Arabia, and that of consul 
at Baghdad. The lodcstone was the remains 
of Baghistan, now called Beliistun, or 
Bisutun, the ancient Persian city some score 
of miles east of the modern Kirmanshalian. 
Here stands the famous precipitous rock 
which rises on one of its sides perpendicularly 
to a height of 1700 feet, and had been noted 
from ancient times as bearing upon iN 
surface a vast series of mysterious figures 
and signs. The Greeks had attributed it 
to Scmiramis, but there it stood in Rawlin 
son’s day as it had stood for twenty-three 
centuries, a challenge to modern learning, 
a pathetic memento of a vanished culture. 

Three hundred feet above the base, 011 ;i 
polished surface, is sculptured a bas-relief 
representing, Rawlinson has taught us, 
Darius Hystaspcs, conqueror of Babylon 
and hero of victories as far divided as tin* 
Caucasus and the Indus the great monarch 
under whom began the war between Persia 
and Greece which included the battle ot 
Marathon. The bas-relief depicts him re- 
ceiving the homage of a long row of fettered 
captives, representatives of the subjugated 
nations. This bas-relief is surrounded by 
numerous columns of inscriptions, making 
in all over one thousand lines of cuneiform 
writing. The account of Darius’s reign b 
repeated in three different languages of the 
empire, Persian, Assyrian, and the language 
of Susiana (Elam). What did it all mean J 
Here was treasure inestimable, if it could be 
but deciphered. All clue to the dead tongues 
as here expressed had been lost. 

During a long period of thrilling dangers, 
privations, and hardships, Rawlinson copied 
and puzzled, and sent home his tracings to 
the scholars of England. There was no one in 
Europe who could make head or tail of the 
matter. But there happened to be in the 
service of the East India Company a 
humble clerk named Norris, who had tak« n 
up as a hobby a study of the cuneiform 
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outlines. To him they were drawings, pic- 
tures, to be systematised and carried in the 
mind's eye. When he saw Rawlinson’s 
iopies something struck him as unfamiliar. 
Ilis eye sought a certain shape of outline, a 
rertain sequence of strokes, and failed to 
find them. Although he had never been 
outside his native London he felt that the 
ropies before him were not accurate copies 
of the inscriptions on the age-old pillar of 
Hehistun. Rawlinson’s attention was drawn 
to the humble student’s modest suggestion ; 
lie went over his work again, and found 
that the unknown London clerk was right 
he had made blunders. 

Probably the incident has no parallel save 
in the case of the printer with the paralytic 
arm who, as he set up the pages of Max 
Muller’s “ kigveda,” noted certain errors 
and neatly marked them as he pulled his 
proofs. Muller at. first thought that some 
professor learned in Sanskrit was over- 
seeing his work ; but no ; the emenda- 
tions were traced back to the compositor. 
“ Do you know Sanskrit, then ? ” asked the 
scholar. “ No, sir,” he was answered ; 
“ but my arm gets into a regular swing 
from one compartment of types to another, 
and there are certain combinations that 
never occur. So if I have suddenly to take 
up types which involve a new movement, I 
feel it, and I put a query.” The palsied arm 
of the pi inter kept the greatest of philo- 
logists from straying, and the clerk in a 
London office kept the father of Assyriology 
from committing the like offence. 

Rawlinson threw himself heart and soul 
into the work of deciphering the baffling 
inscriptions, and, by a process as romantic 
as that which led Young and Champollion 
to the secret of the Rosetta Stone, he made 
out an alphabet, he spelled out the secret of 
ages, he gave the world the story of Darius 
as inscribed by himself twenty-three 
hundred years before. Assyriology was 
born and placed upon a scientific basis. At 
the beginning of the ninteenth century the 
languages and histories of Egypt and 
Assyria were 1 sealed books to mankind ; to- 
day nearly every great university in Europe 
and America has its Chair for both subjects, 
and the story of the buried past is now a 
volume which he that runs may read. 

There were others in the field at about 
the time that Rawlinson was engaged, but 
his claim to priority is clearly established. 
It was a thrilling and romantic moment for 
t he world when an undeciphered inscription 
of Tilglath Pileser, submitted indepen- 
dently to four disciples of the new learning. 


produced practically identical translations. 
The work of Layard would have been de- 
prived of go per cent, of its value but 
for the labours of Rawlinson, whose efforts 
are frequently mentioned in the writings of 
the man who dug up the buried cities. 
Rawlinson himself carried on the excava- 
tions at Birs Niinrud, the traditional site of 
the Tower of Babel, which stood at the south- 
west corner of the area covered by ancient 
Babylon. With the knowledge that he had 
pieced together he tore its mystery from its 
stones, and read the tale of the; wonderful 
origin of the fabled site. The building, he 
showed, was once the world-famous 'Power 
of the Seven Planets, built upon an ancient 
site of a temple by Nebuchadnezzar in the 
sixth century u.c. The tale-bearing cylinders 
are now in the Babylonian room at the 
British Museum, where we may all read 
the translations of the master-hand. It 
only those translations were cheaper ! 

Other work by Rawlinson included the 
unearthing of the ruins of Nebuchadnezzar’s 
palace. But it was the deciphering of the 
writings and inscriptions, not so much their 
discovery, which made him so great an asset 
to the learning of the world. Only a hint 
has been given here as to the difficulties, 
dangers, and hardships in which his work 
was conducted, but there is a suggestive 
little touch in a note relating to his transla- 
tion of the Nineveh inscriptions, which he 
describes as being done in great haste*, 
“ amid torrents of rain, in a little tent upon 
the mounds of Nineveh, without any aids 
beyond a pocked Bible, a notebook of 
inscriptions, and a tolerably retentive 
memory.” Rawlinson’s fourfold career as 
warrior, explorer, diplomatist, and Assyrio- 
logist made him a very notable, figure of 
his era. -He died in London on March 5, 
1895, having four years previously been 
created a baronet. 

BARON FERDINAND VON RICHTHOFEN 
The German Explorer of Inland China 

When a well-trained geologist sets out 
to explore a country, he looks mainly to 
its mineral treasures. By combining the 
zest for exploration with the science of the 
structure of the earth Baron Ferdinand von 
Richthofen became the supreme authority 
on China during the last quarter of the 
nineteenth century, and it was probably 
on his knowedge that the German Govern- 
ment acted in Chinese affairs. From his 
return to Europe, in 1873, to his death, in 
1905, Richthofen was the master of Asiatic 
geography, and men of the calibre of Sven 
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Hedin were trained and directed by him. 
He made Berlin the bureau of information 
for the whole continent of Asia. 

Born at Karlsruhe, in Silesia on May 5, 
1833, Richthofen was educated at Breslau 
and Berlin, devoting himself especially to 
geography and geology ; and in 1856 he 
made an important contribution to the 
study of the mountains of the south-eastern 
region of Tyrol. This led to the offer 
of a position, under the Austrian Govern- 
ment, at the geological institute in Vienna. 
Here the young man of science worked for 
four years, acquiring the practical knowledge 
and experience which were to be afterwards 
applied to the problems of the Far East. 
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It was in i860 that he won the opportunity 
he longed for. A Prussian mission was 
sent to Eastern Asia, and Richthofen accom- 
panied it. He visited Ceylon, China, Siam, 
the Philippines, and Java, but owing to 
the Taiping rebellion he was unable to 
explore the Chinese Empire. The other 
members of the mission returned to Berlin, 
but Richthofen was touched by the magic 
of the Orient, and stayed behind. He had 
lost his notes and collections, and he was 
resolved not to go back empty-handed. 
He wandered about India for a liitle time, 
and then went to California and Nevada, 
and studied the gold-mines there from a 
geological point of view. He wrote in 
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good English a work on the famous Coin- 
stock Lode, which was published in San 
Francisco in 1865. 

Three years afterwards he came to Sinn- 
ghai, and, finding that the domestic affairs 
of China were fairly peaceful, he set out » M 
the great work that he had long wished in 
undertake. He seems to have approach- < l 
the Shanghai Chamber of Commerce W 
help in his undertaking, and during hs 
wanderings he sent them a series of very 
valuable reports on the mineral wealth anil 
general commercial activities of moit of tin- 
provinces of the Chinese Empire. He 
spent four years in China, and for most 0! 
this time his only coupanion was his inter- 
preter. By tact anl charm of manner he 
kept on friendly terms with the strangely 
diverse races of China, and, travelling from 
province to province, he studied in a scien- 
tific manner the lie of the land and the 
structure of the earth, and solved most of 
the chief problems of Chinese geograph v. 
As a rule, he found that the surveys done by 
the Jesuit missionaries were good, but tlv're 
were vast tracts of country — -such as the 
Nanshcn Mountains, covering as much 
space as France and England — which he was 
the first man to describe in an exact manner, 
hi x act ness of description was indeed his aim, 
rather than the discovery of unknown 
regions, lie wanted to put both the geo- 
logical and geographical knowledge of China 
on a foundation of exact facts. This in large 
part he did, with the result that he became 
tin! father of East Asian geography. 

Before his exploration, the mountains 
and smaller rivers of China possessed a 
curious power of locomotion. This \va- 
especially the case on maps drawn by men 
interested in proposed railways. The liilb 
skipped like sheep, and awkward streams 
kindly Hew away from the projected route 
so that the work of construction might m»t 
seem costly. Richthofen introduced a 
natural fixity into the large feature of the 
Chinese country. Then, going deeper, lie 
revealed the underlying strata of the land, 
and indicated the depths where unex- 
ploited coalfields and ores would probably 
be found. His work was both thorough and 
extensive. He visited ten of the principal 
provinces, and made detailed geological 
exploration of the regions around' Nankins 
and Chinkiang. But as he was going 
southward to Yunrien, in 1872, among the 
wild tribes, he was attacked and robbul 
by some soldiers and forced to return. 

He regained Europe in 1873. The re- 
markable value of his achievement was at 
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once recognised, and he was appointed 
president of the Geographical Society pf 
Berlin. A professorship was offered to him 
at one of the German universities, and later 
on he became the head of a famous school 
of physical geography at Berlin. The 
geology of China was the subject in which 
lie specialised, but he exercised a large 
authority over the development of geo- 
graphy of Eastern and Central Asia. He 
died October 6, 1905. 

SIR JAMES CLARK ROSS 
Discoverer ot the North Magnetic Pole 

Admiral Sir James Clark Ross was born 
in London on April 15, 1800, and at 
twelve years entered the Navy under his 
uncle, Sir John Ross, the famous Arctic 
explorer. For the next six years he was in 
various ships commanded by his kinsman, 
and accompanied hiui on his first voyage 
in quest of the elusive North-West Passage, 
a stern beginning for a lad of eighteen. 
Little was done, but one of the company, 
William Edward Parry, a Bath doctor's 
son, who had joined as a first-class volunteer, 
showed so much initiative, originality, 
and independence of opinion that, upon his 
return, this same Parry was at once ap- 
pointed to an independent command, and 
between 1819 and 1827 he led four expedi- 
tions to the frigid North. Young Ross ac- 
companied him on each trip. With Parry he 
reached the point at which waited a Govern- 
ment reward of £5000 — for the first man 
to touch no degrees west longitude of 
America, but under the same gallant com- 
mander he came to grief when their little 
vessel, the “ Fury," was smashed up by 
ice in Regent’s Inlet. However, he was not 
born to die on that day. 

He joined his uncle in the splendid 
expedition of 1829-33, being by this time 
promoted to the rank of commander of the 
little ship "Victory," and, in a very fine 
bit of sledging work on the coasts of 
Boothia and King William Land, dis- 
covered, in 1831, the North Magnetic Pole. 
Two generations were to pass away before 
the South Magnetic Pole was located. 
Following this success, Ross was employed 
lor three or four years upon the magnetic 
survey of Great Britain, arid then, in 1839, 
began his successful work at the other side 
of the world. 

Proceeding South, in 1839, S ^P S 

“ Erebus " and " Terror," he crossed the 
Antarctic Circle in 1841, discovered and 
named Victoria Land, and in that region of 
internal ice and snow found a mighty 


volcano in eruption, pouring forth molten 
lava and red-hot ashes from the fiery heart 
of a land in which the surface temperature 
never rises above freezing-point. Although 
Ross charted as rocks submerged ice over 
which the sea was breaking, and figured 
land where, us has since been found, land 
was non-existent, his expedition gave a 
great impetus to Antarctic exploration, and 
he well deserved the knighthood bestowed 
upon him when he returned. In the same 
year, 1843, he married, and pledged himself 
to certain restrictions in the matter of 
further hazardous explorations. It was 
due to this pledge that he had to decline the 
leadership of the expedition in which Sii 
John Franklin afterwards perished. But 
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whatever may have been the nature of his 
family undertaking, Ross fared North once 
again, in 1848-9, in quest of the lost leader, 
who had gone North in the very ships in 
which he had come back from the South. 

Ross, who rose to the rank of admiral, re- 
mained to the last a foremost authority tc 
be consulted in all matters of Polar ex- 
ploration. He died at Aylesbury on April 
3, 1862. He was an inspired leader ol 
men in exploration, and during the four 
years’ trip to the South he lost but one 
of his company. Like his uncle, he made a 
miscalculation when he declared that the 
towering ice-cliffs of the Antarctic continent 
would for ever bar the way to the South 
Pole. Still, Ross reached 78 deg. south, 
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and got to within 160 miles of the South 
Magnetic Pole, a fine achievement for a man 
whose equipment was limited by the 
methods of the first half of the last century. 

SIR JOHN ROSS 
A Pioneer of the North-Wes.t Passage 

Sir John Ross, rear-admiral and Arctic 
navigator, was born at Inch, Wigtonsliire, on 
June 24, 1 777. He was entered for the 
Navy at the age of nine, but, while keeping 
his name on the books of his first ship, 
bound himself apprentice on board a 
merchant vessel to gain experience. Re- 
turning to the Navy at twenty-two, he 
fought with distinction in the war with 
France, being, it is said, thirteen times 
wounded. Although he rose to the rank of 
rear-admiral, he is of note today chiefly 
from his efforts to find the oft-sought 
North-West Passage. 

His first expedition was undertaken, in 
1818, in the whaler “ Isabella/' accom- 
panied by the " Alexander/' of which 
Parry, his subordinate, was in command. 
The order was to find a North-West Passage 
by way of Davis Strait and Lancaster 
Sound. The route seems open and simple 
from that deceptive guide the common 
altas, but never was key forged with such 
difficulty and suffering as that to this still 
impracticable channel. That men should 
wish to attempt the feat at all is in itself a 
remarkable tribute to the innate heroism of 
the race. All that men had experienced 
in the desolate wilds was of a character 
to make the average sailor wish to keep his 
toes near the cinders at home ; but the 
Rosses and the Parrys and the Franklins, 
the Cooks, the Davises, and Baffins, were 
never happier than when pitting their daring 
and endurance against the terrible forces of 
Nature in their most pitiless guise. 

What was the nature of the challenge 
that these heroes accepted ? Perhaps no 
more interesting picture could be suggested 
than that which rises to the mind from the 
quaint title-page of the book of the doughty 
Dutchman Barents. The English transla- 
tion runs as follows : “ The true and perfect 
description of three voyages so strange 
and woonderful that the like hath never 
been heard of before. Done and performed 
three yeares, one after the other, by the 
ships of Holland and Iceland, on the north 
sides of Norway, Muscovia, and Tartaria, 
towards the kingdomes of Cathaia and 
China, showing the discoverie of the straights 
of Weigates, Nova Zembla, and the country 
lying under 80 deg., which is thought to be 
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Greenland [it was Spitsbergen], where nevei 
any man had bin before ; with the cruel 1 
beares and other monsters of the sea, 
and the unsupport able and extreme cold 
that is to be found in those places. And 
how that in the last voyage the shippe wa- 
so enclosed by the ice that it was left there. 
Whereby the men were forced to build a 
house in the cold and desart country of Nova 
Zembla, wherein they continued ten month> 
together, and never saw nor heard of any 
man, in most greate cold and extreaine 
miserie ; and how after that, to save their 
lives, they were constrained to sail over ^50 
Dutch miles, which is above 1000 miles 
English, in little open boates along and 
over the maine seas, in most great daunger ; 
and with extreme labour and unspeakable 
troubles and great hunger." That was the 
kind of true and lively narrative upon which 
our heroes were nurtured, and by which, in 
1818, the British Government, now that 
Napoleon had been finally crushed, proposed 
to renew the quest for an open seaway round 
the northernmost coast of the. American 
continent to Asia and the golden East. 

Ross sailed for Baffin’s Bay in 1818, and 
explored it. The map of this part of the 
world is a permanent record of the per- 
plexities and errors of the men who have 
sought to fill in its blank spaces, and Ross* 
was destined to commit one of the strangest 
errors of all. Baffin's Bay is no bay ; it is 
a sea, 800 miles long, with an average 
breadth of 280 miles, and is frozen from 
shore to shore for a considerable period of 
the year. It communicates, by way of 
Davis Strait, with the Atlantic, and, by 
way of Smith and Lancaster Sounds, with 
the Arctic Ocean. Ross found the people 
nearest the Pole, but he could find no 
northern outlet to the bay. He turned 
westward, therefore, into Lancaster Sound, 
which is one of the gateways of the North- 
West Passage. And there one of those 
strange mistakes which have so often 
occurred in these high latitudes was made. 
Clouds or some form of mirage obscured 
the sound, and, misled by their singular 
appearance, Ross took them to be a huge 
range of mountains spread inexorably across 
his path. He put his ship about, and cam** 
home, to report Lancaster Sound a land 
locked bay. His clouds he named the 
Croker Mountains, and fully described them 
in a narrative published in 1819. 

Now, with him on the expedition were 
Parry and a young sailor scientist. Captain 
(afterwards Sir) Edward Sabine, whom 
meet in the biography of Tyndall. Sabin* • 
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was astronomer to the party, and, with 
Parry, was not convinced that the Croker 
.Mountains had any existence outside the 
imagination of his leader. When Ross’s 
work appeared, Sabine challenged the 
mountains, as Parry had already done. 
Parry, indeed, was so confident that the 
Admiralty had even now sent him out on a 
iurther expedition. This impeachment was 
a bitter humiliation to Ross, but it was all 
lor the good of knowledge, for the way 
from the East to the West, from the New 
World to the Old, lies through the very 
>ound which he declared to be barred and 
sealed by a mountain range. The very 
controversy thus provoked stimulated in- 
quiry and exploration, and it was by 
Lancaster Sound, in the end, that Franklin 
and his comrades went to their doom. 

Ross was at last convinced, and yearned 
to redeem himself, but not until 1829 did he 
get an opportunity, when, contributing 
£ 5000 of his own, he was given command of 
the expedition fitted out mainly at the cost 
of Felix Booth. His vessel was the little 
“ Victory,” notable as the first craft that ever 
attempted to steam through the North-West 
Passage. Ericsson built her engines, and 
a strange story attaches to their failure. 
Ericsson knew Ross as a naval officer, and, 
the meaning of his mission being kept a 
secret from even the engineer, Ericsson 
thought the “Victory” would be manoeuvr- 
ing in home waters, whence she could easily 
reach him for alterations. He therefore 
put into her the first marine engines built 
below the water-line. He thought she was 
a little warship, and treated her as such. 
The engines were a failure in the “ Victory,” 
hut they have since been successfully in- 
stalled in every other warship in the world. 
Ross, keeping his own counsel, had the 
engines geared up to hopelessly unsuitable 
paddle-wheels, of which Ericsson knew 
nothing. He blamed Ericsson for the 
failure of the scheme, but the inventor 
retorted hotly that he had been deceived 
as to the purpose of the vessel, and that 
Ross’s gearing and paddle-boxes were “ a 
perfect specimen of ignorance of the laws 
which should be consulted in the con- 
struction of bodies intended to move 
through the water.” 

However, the first marine engines to go 
to the Far North remained there. Ross had 
them cast into the ocean ; and in some 
post-glacial day they may be discovered at 
the bottom of an erstwhile frozen sea, to 
prove to an astonished world that the 
‘indent Eskimos of the nineteenth century 


had advanced ideas on steam navigation. 
Mechanical propulsion failing, Ross trusted 
to wind and sails and the drifting of 
currents. He made no second mistake 
about Lancaster Sound, but failed to get 
beyond the ice into Barrow Strait, so turned 
south-west into Prince Regent’s Inlet, and 
sought in vain to break through by that 
route. He .was caught by the ice, and his 
ship imprisoned, during the winter of 1829- 
30, in Felix Harbour. The summer carried 
him only a few miles south, and the second 
winter was spent in Victoria Harbour. 
There the little vessel remained tightly 
held throughout the summer of 1831, anti, 
of course, the winter of 1851-2. In May of 
1832 Ross was compelled to abandon her, 
and march to Fury Beach, where 1 his nephew 
and Parry had been wrecked in the ex- 
pedition of 1824-5. Tin* ruined “ bury ” 
remained on shore, and from her timbers 
the party constructed a hut, and there spent 
their fourth successive winter in the ice. 
In the following summer they made their 
way on foot to Lancaster Sound, and to their 
joy found a whaler. It was Ross’s old craft, 
the “ Isabella,” in which he had made his first 
voyage to the North. In this the expedition 
returned, reaching England in October, 
1833, after an absence of four years. 

Although the voyage did not achieve 1 the 
Passage, it was highly important in results. 
The Gulf and Land of Boothia, named in 
compliment to the London distiller who had 
financed the expedition, were thoroughly 
surveyed ; King William Land was ex- 
plored, and the younger Ross determined 
the position of the North Magnetic Pole. 
Ross had nobly atoned for the blunder of 
the Croker Mountains. He had laid useful 
foundations for Franklin ; and when 
Franklin was lost, the valiant old hero, then 
threescore years and twelve, was the first 
to set out to seek him. In the teeth of 
the opposition of the Admiralty he fitted 
out a small vessel, named the “ Felix,” from 
funds raised by public, subscription and a 
grant from the Hudson’s Bay Company. In 
May, 1850, he set out from Stranraer, and 
made his way to Lancaster Sound. He 
failed, however, to glean any tidings of the 
ill-starred party, and returned in the follow- 
ing year. He died in London on August 
30, 185b. The one mistake of his career 
involved him in bitter controversies to the 
end of his days, bringing him into conflict 
with men whom he would not forgive, but 
his quarrels had the effect of keeping interest 
alive in the North-West Passage, and of 
stimulating others to effort. 
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W. E. H. LECKY— AN ANTI-DEMOCRATIC 
PHILOSOPHER 

(iOTTFKIED WILHELM LEIBNITZ — AN EN- 
CYCLOPAEDIC GENIUS 
JOHN LOCKE- PHILOSOPHER, EDUCA- 
TIONIST, TOLERATIONIST 
I UCRETIUS THE FINEST THINKER WHO 
USED THE LATIN TONGUE 
WILLIAM McDOUGALL — A GREAT STU- 
DENT OF HUMAN CONDUCT 
NICCOLO MACHIAVELLI -THE FOUNDER 
OF POLITICAL SCIENCE 
1HOMAS ROBFRT MALTHUS— A STU- 
DENT OF THE LAW OF POPULATION 

W. E. H. LECKY 
An Anti-Democratic Philosopher 

William Edward Hartpole Lucky, the 
|)hilosoplier who in the last quarter of the 
nineteenth century most weightily repre- 
sented the spirit of caution and restraint in 
1 lie presence of modern methods of change, 
was born near Dublin on March 2b, i8j8. 
Intended for the Church, he was educated 
first at Cheltenham and then at Trinity 
College, Dublin, where he graduated M.A. 
in 1863. Hut before that date he had twice 
appeared os an author, and had chosen 
literature as his profession. He was only 
twenty-two when his first book, “ The 
Religious Tendencies of the Age/' appeared, 
and next year, i8bx, he published essays on 
lour prominent Irishmen— Swift, Flood, 
(irattan, and O'Connell — under the title 
“ The Leaders of Public Opinion in Ireland." 

Lecky was one of the writers whose 
sympathy with, and faith in, popular causes 
weakened as he grew older. His early writ- 
ings on his native country showed a tem- 
perate breadth that contrasted with the 
restriction of his views in later life. He made 
his mark as a historical and philosophical 
writer by bis “ History of the Rise and 
Influence of the Spirit of Rationalism," 
published in 1865. With the growth of 
mental and religious freedom, as it showed 
itself in the casting off of superstition, and an 
escape from dumb acquiescence in tradi- 
tional forms of belief, and with the gradual 
predominance of secular life, Lecky dis- 
played a quiet sympathy that perhaps was 
more effective than a bold partisanship 
would have been. The same spirit appears 
in his copious “ History of England in the 
Eighteenth Century/ * a work that is not so 
much a record as a series of studies of scenes 
and events in their evolutionary sequence. 
The “ History of European Morals, from 
Augustus to Charlemagne," published when 
becky was only thirty-one, threw light on a 


JOSEPH MAZZINI POLITICS AS A RE- 
LIGION 

JOHN STUART MILL— “TI1F SAINT OF 
RATIONALISM ” 

JOHN MILTON -THE IMMORTAL DE- 
FENDER OF LIBERTY 
MONTESQUIEU— THE FIRST EVOLUTION- 
ARY HISTORIAN 

SIR THOMAS MORE— THE PROPHETIC 
THINKER OF TUDOR TIMES 
F. W. H. MYERS— A NOTABLE STUDENT 
OF HUMAN PERSONALITY 
SIR ISAAC NEWTON- DISCOVERER OF 
THE LAW OF GRAVITATION 

period that previously had been dark to 
the general reader of history. 

These serious works won for Lecky the 
profound respect of thinkers of every 
school ; and it was with misgivings that his 
admirers saw his entrv into political lll’e as 
member of Parliament for Dublin Univer- 
sity in 1895. He held the seat till his death, 
on October 22, iqoj, but did not add to his 
laurels by his work at Westminster, though 
the House paid considerable deference to 
him as a man of distinction in other fields. 
In H)o2 Lecky was 011c of the original reci- 
pients of the Order of Merit. His last books 
were “ Democracy and Liberty," published 
in i8(/>, and " The Map of Life " -practical 
essays on Conduct and Character-— pub- 
lished in i8qq. 

In the first of these works his philosophy 
was brought to the touchstone of present- 
day events and problems, and upon it 
largely rests his final claim to he regarded as 
a political philosopher. In it he traces the 
influences of democracy in England, France, 
and the United States — in relation to taxa- 
tion, landed and other properties ; to forms 
of government and judicial functions; to 
religion, education, intoxicating drink ; to 
marriage, labour questions, and Socialistic 
growths ; and he finishes with a survey of 
women's questions, ending his book with a 
reluctant prophecy of the ultimate triumph 
of women’s suffrage. 

On all these subjects Lecky gives an im- 
pression of -a singularly wide outlook, and 
is prolific in suggest ions that demand grave 
individual thought, but he is fettered by a 
lack of generous faith in mankind and its 
destiny. Perhaps that was because his long 
practice of toleration in judgment had made 
bold opinions of his own almost an impos- 
sibility. But among armchair philosophers, 
who, from the library, distrust democratic 
developments, none has been more con- 
spicuously desirous of fairness than he. As 
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yet the world only has fragments of a 
philosophy of politics. Whatever the value 
of the fragments contributed to the gather- 
ing stock by Mr. Lecky, the spirit of his 
inquiry will always remain an ensample. 

GOTTFRIED WILHELM LEIBNITZ 
An Encyclopse lie Genius 

Gottfried Wilhelm Leibnitz was born 
on July i, 1646, at Leipsic, where his 
father held a Chair in the University. His 
first studies were directed to legal and 
practical matters, but he was endowed with 
mathematical genius, and soon invented a 
calculating machine, and discovered the 
differential and integral calculus. This 
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gave rise to a celebrated controversy 
between Leibnitz and Newton, whose 
acquaintance he had made in London, as to 
priority in their mathematical discoveries. 

In 1676 Leibnitz became librarian to the 
Duke of Brunswick at Hanover, and there 
lie did very useful work in connection with 
such very various matters as the drainage 
of mines and the reconciliation of the 
Churches. 

The most important of his philosophical 
works is his “ Monadologie,” which was 
published in 1714, and his “ New Essays,” 
which contain his celebrated criticism of 
Locke. The English thinker had combated 
the doctrine of ” innate ideas ” — as of God 
and duty— by declaring that " There is 
nothing in the mind which was not first in 
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the senses.” To this Leibnitz replied with 
the all-significant addendum : “ Except the 
mind itself.” 

The celebrated doctrine of monads, which 
we owe to Leibnitz, has frequently recurred 
in the speculations of subsequent thinkers. 
These monads, according to Leibnitz, an* 
the indivisible units of things, and they 
each have a psychical side — an individuality 
or “ soul.” But, further, there is a sort (if 
hierarchy of monads, ranging from God 
Himself down to the smallest atoms. Every 
monad is true to the laws of its own nature, 
and acts accordingly. Yet it is at the same 
time in complete harmony with the rest. 
Here is the doctrine of the “ pre-existent 
harmony ” which the universe demon- 
strates ; and since this harmony is contrived 
and maintained by God, we reach the con- 
clusion that this is ” the best of all possible 
worlds.” Such is the Monadology of Leibnitz. 

This remarkable man was a courtier by 
nature, and we can never be sure of the 
absolute independence of his thinking. He 
became a privy councillor and baron, and 
died at Ilanover on November 14, 171b. 

JOHN LOCKE 

Philosopher, Educationist, Tolerationist 

John Locke, the most influential Euro- 
pean thinker of his day, and the most 
English of all philosophers, was born at 
Wrington, Somersetshire, on August X), 
1O32, the son of a Puritan country lawyer, 
who was captain of a troop of horse on the 
Parliamentary side in the Civil War. Thi^ 
sterling father kept the boy “ in much awe ” 
when young, as was the custom of the times, 
but became his companion in later years. 
Locke was educated at Westminster School 
and Christ Church, Oxford, and in neither 
stage thought well of the type of education 
offered him, though he took such advantage 
of it that lie became, successively, Greek 
lecturer at his college, lecturer in rhetoric, 
and senior censor of moral philosophy. 
Later, although he never entered the Church, 
he was awarded, by special dispensation, a 
senior studentship available only for men in 
Holy Orders. This studentship he held- - to 
the honour of Oxford — for eighteen years, 
till expelled from it — to the disgrace ol 
Oxford — by Royal command for political 
offences which were never formulated. 

Locke's studies led him in the direction ot 
medicine, and, though he was never granted 
the degree of doctor of medicine by his uni 
versity — largely for political reasons— he 
practised medicine, was commonly spoken 
of as “ Dr.” Locke, and was accepted as one 
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of themselves by the best doctors of the day, 
particularly Sydenham, who saw in him a 
man “ with few equals and no superiors.” 

Then, at intervals, Locke filled various 
public offices, and might have had positions 
of the greatest influence if his health had 
allowed him to live anywhere and labour 
continuously. But he existed to the age of 
seventy-two inseparable from asthma, and 
on the verge of consumption. Yet Locke 
was not only a philosopher, scholar, and 
scientific investigator, but, as far as his 
health allowed, a successful man of affairs. 

When he was thirty-three he was ap- 
pointed secretary to an- embassy to the 
Elector of Brandenburg, and greatly enjoyed 
life abroad, for lie was a shrewd and humor- 
ous observer. On his return he was offered 
the secretaryship of the Spanish Embassy, 
but declined it on the score of health. In 
1666 he met the Whig politician Lord Ashley, 
who later was Lord Shaftesbuiy, and they 
remained friends for life. 

His “Essay Concerning Toleration” 
probably belongs to this time, and was 
suggested as a subject by Ashley. Locke 
contended that “ all speculative* opinions 
md religious worship have a clear right to 
universal toleration.” Everyone may use “ a 
perfect uncontrollable liberty, provided 
always that it be all done sincerely and out 
of conscience to God.” 

He acted as tutor to Ashley’s only son, 
and, though a bachelor himself, was even 
entrusted with the duty of finding a wife 
for his pupil. This he did, most happily and 
successfully. At this time Locke became 
secretary and general manager to the 
“ lords-proprietors ” ol the colony of 
Carolina. All the while, however busy lie 
might be, his interest in scientific experi- 
ments continued, and in 1668 he was elected 
a Fellow of the Royal Society. It was out of 
his discussions with friends in this scientific 
circle that his “ Essay Concerning Human 
Understanding” sprang, and, after nearly 
twenty years of elaboration, gave him a 
world-wide and enduring fame. In it he 
•H?t himself to trace the ultimate source of 
the simplest ideas. 

In 1672 J-ocke’s friend Shaftesbury 
became Lord High Chancellor, and ap- 
pointed him Secretary of Presentations, 
^t a salary of £300 a year, and so the 
Chancellor's share of Church patronage 
passed through his hands. The next year, 
however, Shaftesbury lost the favour of 
Charles the fickle, and Locke went with him 
into retirement. Now, however, he was 
sufficiently well off to be able to nurse his 


health and live a life of reflection, as, his 
father being dead, lie had inherited a small 
Somerset estate, and also had a pension of 
£100 a year from Shaftesbury, and the 
proceeds of his Oxford studentship. 

Attempting to regain normal health, 
Locke now spent fourteen months in tin* 
South of France, chiefly at Montpellier, but 
he benefited but little by the change. 
Returning to Paris, he acted for two years 
as a tutor abroad of a son of Sir John Banks, 
and in the course of his travels visited Rome. 
Not till i()79 did lit* reach London, where his 
friend Shaftesbury, after a year’s imprison- 
ment in the Tower, was once more in office 
as President of the Council. Cooke again 
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lived in Shaftesbury’s house, and gave an 
eye to the education of his grandson, who in 
later years said lie owed to him “ tin 
greatest obligation, the highest gratitude and 
duty.” Locke, in fact, had in a singular 
degree the power of winning the admiration 
and affection of the young people over 
whose education he watched. 

In 1681 Shaftesbury was again sent to the 
Tower, but on being brought to trial was 
acquitted by the grand jury. Next year, 
however, he thought it better to make his 
way to Holland ; and there he died. Locke 
at this time w r as living at Oxford, and was 
under the closest surveillance. Spies 
watched him on every hand, but he was so 
discreet in his references to public affairs 
that he could not be caught. However, he 
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thought it advisable to withdraw from these 
offensive attentions, and went to Holland, 
where, in Amsterdam, Utrecht, and Rotter- 
dam, with visits to other towns, he stayed 
more than five years. It was during this 
period, in 1684, that he was subserviently 
ejected, under order of the king, from 
Oxford, although the dean of his college 
declared that 14 there is not anyone in the 
college, however familiar with him, who has 
heard him speak a word either against or so 
much as concerning the Government.” His 
name, however, was on a list of persons 
whose surrender was demanded from the 
Dutch Government, which took no steps to 
comply with such an outrage on liberty. 
Later — in 1686 — Locke was assured that he 
could count on a pardon, but he replied 
that, 44 having been guilty of no crime, he 
had no occasion for a pardon.’ * 

It was this residence in Holland that 
changed Locke from a man who thought for 
his own satisfaction into one who wrote for 
the instruction of mankind. Hitherto he 
had published nothing of importance. Now, 
in his fifty-fourth year, in the safety of 
Holland, and under the stimulus of his 
Dutch friends — men of the rarest fidelity 
and affection — he gave the world his 
44 Letter on Toleration,” and within four 
years (1689-1693) his 11 Treatise on Civil 
Government,” 44 Essay Concerning Human 
Understanding,” and 44 Thoughts on Edu- 
cation.” In 1695 he published 4 ‘ The 
Reasonableness of Christianity.” 

All these writings involved him in con- 
troversy, for which presently he had leisure. 
When William of Orange and Mary, whom 
he had known well in Holland, came over 
to be king and queen, he accompanied 
Mary, as she crossed later than her 
husband ; and he w'as at once offered 
the ambassadorship to Brandenburg, which 
he declined, whereupon he was made a 
Commissioner of Appeals, and, in 1696, a 
Commissioner of the Board of Trade. In 
1700 he retired from public service. The 
last fourteen years of his life were spent in 
great happiness with his friends Lord and 
Lady Masham, at High Laver, Epping, and 
there, on October 28, 1704, he died, 44 in 
perfect charity with all men, and in sincere 
communion with the whole Church of 
Christ, by whatever name Christ’s followers 
call themselves/’ Lady Masham, who was 
with him when, he died, said Time will 
" never produce a more eminent example 
of reason and religion living and dying, 
Locke’s work in philosophy, politics, 
education, and religion has all endured, and 
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still forms a basis for study. He argued in 
the 44 Essay on the Human Understanding ” 
that all our knowledge is derived from cx 
perience, and is not innate. The senses are 
the sources of most ideas, and the others 
come from what he calls the internal sense 
of reflection. The essay is an attempt to 
show that all ideas break up into these two 
simple forms. His philosophy was not a 
settlement — what philosophy is ? — but it 
was a remarkable starting-point. As Pro- 
fessor Fowler says in his delightful mono- 
graph, 44 The office which Bacon assigns to 
himself with reference to knowledge gener- 
ally might well have been claimed by Locke 
with reference to the science of the mind. 
Both of them did far more than merely play 
the part of a herald, but of both alike it was 
emphatically true that they 4 rang the bell 
to call the wits together.’ ” 

Locke's writings on religion and tolera- 
tion were all in favour of the large-minded- 
ness which has been slowly growing from 
his day to ours. His writings on education 
take a foremost place in the books of all 
nations dealing with the subject. He held 
that knowledge can only be truly acquired 
by the exercise of the reason, and that, till 
children can reason, their education should 
consist of the formation of habits. He saw 
education in three progressive aspects - 
physical, moral, and intellectual. The pri- 
mary object was not instruction or tin 
acquirement of information, but training in 
character. Education was, in short, a moral 
discipline — 44 that and that only is educa- 
tive which moulds or modifies the soul or 
mind.” He had regard rather to what a 
boy will be (as Mr. R. H. Quick points out) 
than what he will do or knots). For if 
character is right, all the rest follows. 

And he exempli f e:l tin’s view in his own 
character. A loyal friend, faithful to the 
truth that was in him, he lived the life he 
taught ; and on whatever subject he wrote 
he put forth practical views that cannot be 
neglected, advancing and holding them in a 
spirit that remains a perpetual lesson in the 
ethics of controversy. 

LUCRETIUS 

The Finest Thinker who Used the Latin Tongue 

Titus Cams Lucretius was born, probably, 
in 94 or 99 B.C., and is famous as the 
author of the unique poem 44 On the Nature 
of Things,” in which he-sought to popularise 
and express in poetic form ideas as to the 
origin and nature of the Universe derived 
from Democritus and Epicurus. He be- 
lieved in the law of cause and effect, in the 
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natural order as untouched 'by the caprice 
of any fabled gods ; and no one in any age 
lias more powerfully attacked superstition 
aping religion than Lucretius in his great 
poem. He denied the immortality of the 
soul, and any bliss beyond the grave. The 
best good for man was therefore to be found 
in the renunciation of all religious beliefs, 
and in a calm acceptance of the laws of the 
universe. This is not a philosophy which 
might be expected to lend itself to poetic 
treatment, but the poem of Lucretius is, in 
fact, one of the glories of ancient literature, 
transcending for depth and beauty any- 
thing else written in the Latin tongue. 

Tennyson's poem “Lucretius" gives a 
better idea of the Lucretian philosophy 
than can be obtained otherwise than by read- 
ing the poem in the original, or in one of 
the many excellent translations. “ It is 
not the man who rejects the gods of the 
:rowd, but the man who accepts them, 
that is godless," says Lucretius ; and we 
may remember that saying before we too 
readily accept such a verdict as Newman’s 
.hi this great thinker. We cannot here 
juote the many noble and touching and 
lovely and often-quoted lines and phrases 
which are to be found in Lucretius’s poem, 
nor all the popular ones, such as ** What is 
me man's meat is another man’s poison." 
But we must quote the most beautiful and 
splendid line of all — that each of us is like a 
runner, who carries on the lamp of life 
until he falls, and then hands it to another 
to carry in his turn. Here Lucretius saw 
the parallel between certain races held in 
liis time, and the great race run by the 
human race, with its individuals who come 
md pass away, but hand on to ages yet 
iinborn the undying lamp of life. 

In this great task Lucretius — poet, 
thinker, prophet, hater of lies —did his 
splendid share. He is said to have lost his 
eason before his death, which was stated 
-perhaps by his enemies — to have been due 
to his own hand, in his forty-fourth year. 

WILLIAM McDOUGALL 
A Great Student of Human Conduct 

William McDougall was born in 1871, 
md educated at Owens College, Manchester, 
't. Thomas's Hospital, in London, and 
ambridge. Having taken a medical degree 
tie devoted himself to research in the border- 
kind between physiology and psychology. 
He also travelled, and has turned to good 
purpose his observations upon the pagan 
libes of Borneo, whom he studied care- 
nlly at first-hand. In 1898 Dr. McDougall 
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was elected a Fellow of St. John’s College, 
Cambridge. A few years years later he 
carried the Cambridge methods and tradi- 
tions in psychology as a science to the sister 
university, and became Wilde Reader in 
Mental Philosophy at Oxford. 

It is to be hoped and expected that, in 
time, Dr. McDougall will be able to make a 
new tradition for psychology in Oxford, 
for he recognises that this is a science to 
be studied like other sciences, and that the 
time for evolving the facts and laws of the 
mind out of the philosopher’s own head has 
passed. Already he has prosecuted several 
experiments, upon himself and others, 
which must be very astonishing to those 
Oxford pundits who look upon mental 
philosophy as a species of metaphysics. 

Thus Dr. McDougall has published results 
of the experimental taking of alcohol, with 
measurements of its influence upon mental 
processes. T11 this research he established 
a new standard of precision, by so concealing 
the alchohol that he, or the subject of the 
experiment, did not know when or whether 
it had been taken, lie has also made a 
special study of fatigue, a state which may 
yet be controllable on the principle of anti- 
toxin medication. 

The general body of students of psycho- 
logy were first made acquainted with Dr. 
McDougall in his “ Temple Primer,” pub- 
lished in 1905, under the title “ Physio- 
logical Psychology." Certainly nothing had 
ever been published, for the sum of one 
shilling, which offered so much to tin; 
psychologist. This little book is a triumph 
of lucid and authoritative statement. 

Already in this book we see the advantage 
which the writer and his readers must gain 
from his preparation in biology. Unlike the 
great majority of his predecessors, he does 
not try to build a psychology in mid-air. 
He has climbed to his knowledge upon a 
foundation of the lower sciences. In this 
respect Dr. McDougall resembles Professor 
William James, whose natural successor he 
is evidently destined to be. His outlook 
is primarily, but not wholly, physiological ; 
and, as he is born in the evolutionary era, 
he naturally “ thinks in evolution." 

This is made very clear and fruitful in his 
most original and important book, which is 
called “ Social Psychology," and was pub- 
lished in 1908. The volume lias made a 
profound impression wherever psychology 
is read, and no modern student can afford 
to be without it. The author does not deal, 
as the title might suggest, with the " mob- 
inind,” or the collective behaviour of men. 
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He takes the individual, for the time being 
leaves out of account the merely logical 
processes with which psychology has so long 
been obsessed, and asks how and why this 
being feels and acts . The answers to these 
questions will teach us how to understand 
human life as we see it in society. Man 
is naturally a social animal, and his societies 
are the product of his nature. We must 
therefore examine his nature, looking, above 
all, not at mere logic or speech or pro- 
fession, but at conduct and its springs. 

Now, though animals do not speak, and 
though their logical processes are few, they 
exhibit conduct, as we do ; and their be- 
haviour varies widely in different species 
and individuals. The problem is therefore 
one to be solved not by looking at any 
one species, such as man, but by adopting 
the standpoint of comparative psychology. 

At this point, Dr. McDougall builds 
upon and greatly extends the work of 
William James. The American psycho- 
logist had seen how difficult it is to dis- 
tinguish exactly between what we call 
emotions and what we call instincts, and he 
had always refuted the general theory of 
the older psychologists, and of the public, 
that animals have instincts, whereas man 
has intelligence. We are as rich in instincts 
as any other creatures, he said. 

Dr. McDougall has completed the argu- 
ment, and has placed our understanding of 
human instinct and emotion upon a new 
plane. Instinctive act and emotional state, 
he teaches 11s, are the external and internal 
aspects of the one thing. When animals 
act instinctively, they feel corresponding 
emotions ; when we act and feel, our action 
is really instinctive, and emotion is its 
subjective side. There is no real distinction 
at all between the behaviour of. say, Darwin’s 
baboon, or a human hero who saves a 
child from the wolves. It therefore should 
be possible to analyse human emotions and 
instincts, pairing them duly— as, for instance, 
fear and flight, tenderness and the mani- 
festations of parental instinct, anger and 
pugnacity, and so forth. It becomes 
possible, also, to show how certain emotions, 
such as awe, are compounds made by a 
synthesis of certain “ primary emotions,” 
such as fear and wonder. It is not too much 
to say that the publication of this small 
volume has opened a new chapter in psycho- 
logy, and has placed its author in the very 
forefront of living students of the subject. 

Thanks principally, no doubt, to his 
hysiological researches — for the Royal 
ociety does not recognise purely mental 
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research and elucidation, however valuable- - 
Dr. McDougall was made a Fellow of that 
body in 1912. He has lectured on varioiu 
occasions in London for the Sociologic; il 
Society, of which he is a distinguished 
member, his last lecture, on “ The Will of 
the People,” being attended by a crowd of 
students come to hear a i\ew leader in the 
great science of the mind. 

Most significant of all, from the stand- 
point of philosophy, is Dr. McDougall’s 
largest and most recent book, “ Body and 
Mind,” published in 1911. The significant 
sub-title of this volume is “ A History and a 
Defence of Animism,” and its essential 
thesis is that the “ mechanical dogma ” 
must be abandoned, and the soul restored 
to science. “ I am aware,” says the author, 
“ that to many minds it must appear 
nothing short of a scandal that anyone 
occupying a position in an academy oi 
learning, other than a Roman Catholic 
seminary, should in this twentieth century 
defend the old-world notion of the soul of 
man. For it is matter of common know- 
ledge that ‘ Science ’ has given its verdict 
against the soul. . . . But I am aware, 

also that not one in a hundred of those 
scientists and philosophers who confidently 
and even scornfully reject the notion has 
.made any impartial and thorough attempt 
to think out the psycho-physical problem 
in the light of all the relevant data now 
available, and of the history of previous 
thought on the question. And 1 am young 
enough to believe that there is amongst us 
a considerable number of persons who preler 
the dispassionate pursuit of truth to the 
interests of any system.” 

On this high prophetic note we mav 
leave Dr. McDougall, who is now the leading 
advocate in our own country of the doctrine 1 
which he calls “ animism,” and which 
Dricsch, in Germany, and Bergson, in 
France, are now advocating with such 
success, each along his own original and 
independent but convergent line. Our 
century has no better omen. 

NICCOLO MACHIAVELLI 
The Founder of Political Science 

Niccolo Machiavelli, the founder <>1 
political science, was born at Florence on 
May 3, 1469. He belonged to, a noble familv 
which had exchanged the dignities of feudal 
lordship for the privileges of citizenship 
under the Republic. Many members of tin 
family had sat on the Executive Council. 
Niccolo's father was a lawyer with ;» 
moderate income. Little is known of tin' 
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.-on's early years and education. Like his 
eminent contemporary Ariosto, he was 
deeply versed in the literature of his own 
nation, and to this may be attributed the 
ease, grace, and manliness of his literary 
style. He was also a profound student of 
Latin history, particularly in its bearing on 
Roman statecraft and the art of war. 

In 1494 a French invasion under 
( liarles VIII. menaced Florence. Pietro 
Medici, the ruler, accepted humiliating 
terms, and was promptly expelled from the 
(ity by the enraged Florentines. The 
Republic was restored, and Machiavelli now 
first entered public life under its auspices. 

In 3:498 lie was elevated to the rank of 
( liiel-Sccretary to the Government, a post 
which he held until 1512. His time was 
hilly occupied with home and foreign corre- 
spondence and with military organisation, 
hut his rare gifts especially lilted him for 
delicate negotiations, and he* was therefore 
<rnt at different times on no fewer than 
twenty-three embassies. Contact with the 
subtle minds of his own and other races, 
and diligent observation of different social 
and constitutional usages, had much to do 
in shaping the political principles that were 
later developed in his literary works. 

In 1502 he was sent on a mission to the 
ramp of Ccsare Borgia, known as Duke 
Valentine. Machiavelli had thus the oppor- 
tunity of watching the devious intrigues of 
that cunning and unscrupulous general. 
With the implacable Borgia, treachery and 
murder were commonplace and legitimate 
weapons for the removal of obstac les. But 
>uch cold-blooded disregard of every moral 
1 onsideration, when a desirable end was in 
view, was readily condoned by an Italian 
"1 the fifteenth century; and there is little 
'Ioubt that, while openly condemning 
Horgia's behaviour, Machiavelli secretly 
admired the dexterous union of audacity 
and fraud employed to accomplish the 
[hike's designs. Machiavclli’s attitude 
is only rendered intelligible by taking into 
iccount the spirit of the age. Italy was the 
'lave of despotisms, and private morality 
‘'as entirely subordinated to the exigencies 
h State policy or of personal ambition. 
Machiavelli ’s despatches from France and 
icrmany reveal astonishing insight into the 
mture and conditions of national life. He 
dso studied the theory of war with (lie 
losest application. Macaulay, in one of his 
[lost brilliant essays, points out that, 
though his opinions had not escaped the 
f, ntagion of that political immorality 
diich was common among his countrymen, 
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his natural disposition seems to have been 
rather stern and impetuous than pliant 
and artful. The sincerity of his patriotism 
is, at any rate, beyond all dispute. Florence 
suffered, unhappily, from the necessary 
evil of employing mercenary troops. 
Machiavelli, who had read Livy, and 
approved the Roman model, was eager to 
replace this corruptible soldiery with a 
c itizen army. He was supported by Sodcrini, 
the head of the Republic, and successfully 
raised a levy of foot-soldiers from the 
country districts around Florence. His 
enthusiasm and fidelity were not rewarded 
as they deserved, but it was his weakness to 
leave out the qualification of moral conduct 
when choosing the commander of his new 
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militia. In the hour of need the army 
proved inefficient, and his dream of securing 
the permanent honour and independence 
of his beloved Republic was unrealised. 
The Medici returned in 1512, and Machia- 
velli did not find favour under the new 
regime. He lost his offices, and was charged 
in the following year with conspiracy. He 
was imprisoned and tortured, but was set 
free on the election of Giovanni de Medici 
to the Papacy, in 1513. Exile followed, 
and for several years he remained out of 
public life, living in poverty at his villa in 
San Casciana. Here lie wrote his world- 
famous book “ II Principe '* (“ The Prince ”). 

The book opens by enumerating the 
various kinds of principalities, and by 
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In less than a year he was trapped and 
imprisoned in the little Riviera town of 
Savona, but on being tried he was acquitted. 
Leaving Italy for Switzerland, and, later, 
for France, he there planned an organisation 
for attempting to secure the freedom and 
unity of Italy, with the hope that Italy 
would then become a centre from which the 
political regeneration of all Europe might 
be effected. This Young Italy Association, 
which was operated first from Marseilles, 
then from Geneva, and finally from London, 
attempted two abortive risings in Italy, 
neither of which had any chance of success ; 
and, after them, Mazzini was expelled, first 
from France and then from Switzerland. 
The arch-plotter was condemned to death 
by his country while he was yet free. Several 
of his fellow-conspirators were executed, and 
others imprisoned for long terms of years. 

Mazzini arrived in England in January, 
1837, and remained there in poverty, but 
always pursuing his patriotic aims, for 
eleven years. It was during this period 
that the British Government opened his 
letters in collusion with his Continental 
enemies; and Thomas Carlyle, denouncing 
them for acting the part of spy and informer, 
declared, in the “ Times ” : 

“ I can with great freedom testify to all 
men that he, if ever I have seen one such, 
is a man of genius and virtue, a man of 
sterling veracity, humanity, and nobleness 
of mind, one of those rare men, numerable, 
unfortunately, but as units in this world, 
who are worthy to be called martyr souls.” 
The outcome was that Sir James Graham, 
the Home Secretary of the day, apologised 
in the House of Commons for unjust opinions 
he had expressed with regard to the exile. 

When the Lombard insurrection of 1848 
broke out, Mazzini joined it at Milan, and, 
after its failure, went to Leghorn, where he 
was elected deputy to the Republic estab- 
lished in Rome after the Pope had fled. 
There, as one of a triumvirate - -Safli and 
Armeilini being the others — he adopted the 
motto “ God and the People,” a phrase that 
expressed the essence of his life's work. In 
three months the Republic fell before the 
bayonets of the French, who reinstated the 
Pope ; and Mazzini returned to London, 
physically a broken man after his efforts in 
defence of the city. 

A born conspirator, he planned other 
risings ; and when, through the united 
action of Cavour, Victor Emmanuel, and the 
third Napoleon, Italy was united under the 
House of Savoy, though in a truncated 
state, Mazzini would not agree, and broke 
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with his friend and colleague Garibaldi. 
His Republican principles were outraged, 
and he regarded the compromise-unity of 
his native land as a weak deflection from the 
line of duty. For a third time he was sen- 
tenced to death, and as a protest was elected 
four times in succession, in his absence 
from Italy, member for Messina. 

After the withdrawal of the French from 
Rome, and the establishment of the capital 
in the Eternal City, Mazzini, whose health 
was shattered, returned to Italy, but died 
at Pisa on March 10, 1872. He lies in tin; 
great Campo Santo, above his native city 
of Genoa, after a national funeral attended 
by eighty thousand people ; and Italy, the 
land of monumental statuary, commemo- 
rates him as one of her saviours, with 
Garibaldi, Cavour, and Victor Emmanuel. 

The character and political philosophy of 
Mazzini can only be appreciated when his 
central belief is realised as it is set forth in 
his works “ On the Duties of Man ” and 
" Thoughts Upon Democracy in Europe.” 
He held, and argued with Italian fervour, 
that the French Revolution was being 
wrongly regarded. It was treated by 
liberated peoples as the beginning of an 
era in which human rights were established, 
to the end that individual happiness might 
be attained and preserved. That, con- 
tended Mazzini, is all wrong. The French 
Revolution simply ended a period of 
tyranny and repression, and should be the 
starting point for a new constructive policy 
which ought to arise spontaneously from 
the mass of the people, and be held by them 
as a religion. The watchword of this new 
policy should not be Rights but Duty . The 
Divine Will is that men should live together 
collectively, in love and mutual happiness, 
working for a common object, the general 
good, with which all individual interests 
arc bound up ; and, with minds fixed on 
that strife and sacrifice for all, politics must 
become a religion. No true society can be 
founded on individual gain. “ It was not 
to attain the ignoble and immoral 1 every- 
one for himself ' that so many holy martyrs 
of thought have shed, from century to 
century, the tears of the soul.” He held 
that the true form of government was a 
religious commonwealth, based on duty, 
and the willing self-sacrifice which only 
gains by giving. A lofty ideal, whose need 
is seen more and more with the passage of 
each decade. In the presence of such purity 
of motive, diplomacy looked mean, and the 
giving of governments to people from above 
futile. Only as the mass of the people 



GROUP 3— FOUNDERS OF SCIENTIFIC THOUGHT 


cherished a lofty ideal of communal life, 
with mutual happiness as its aim and a 
icligious fervour as its driving force, would 
true progress be made, according to Mazzini. 
And this he believed to be the Will of God. 
Hence his motto, “ God and the People.” 

It has been said against him that he 
ruthlessly sacrificed his friends for the cause 
lie believed in. So he did. He equally 
sacrificed himself. It was of the essence of 
his faith that men should sacrifice them- 
selves for the ultimate good of all. In this 
respect he was, as Carlyle said of him, 
“ merciful and fierce.” Mazzini had his 
own noble philosophy, and he pursued it 
consistently, even when he saw his country 
falling away from him for a temporary gain. 
He believed in the " new birth ” of mankind 
into collective unselfishness, and he died 
in that faith, disappointed, no doubt, but 
still not disillusionised. 

JOHN STUART MILL 
“The Saint of Rationalism “ 

John Stuart Mill, one of the most acute 
and sincere thinkers of the nineteenth 
century, the consummator of the doctrine 
of utilitarianism, and, as Mr. Gladstone 
said, “ the saint of Rationalism,” was the 
son of a man of great ability and profound 
public spirit, James Mill, of the East .India 
Company. John Stuart Mill was born on 
May 20, 1806. About his youth we know 
everything, for in his later life he wrote an 
entirely frank Autobiography. James Mill 
had ideas of the upbringing of a child that 
were utterly at. variance with modern educa- 
tional methods. He undertook the educa- 
tion of the boy, and it became for the time 
being a ruling passion, an intellectual 
debauch. Had not the natural disposi- 
tion of the lad been one of extraordinary 
sweetness and obedience, he would have been 
ruined in every way. John Stuart never 
remembered when he could not read Greek. 
Certainly he could read it at the age of three, 
;md when the modern child is leaving the 
infant school he was an all-round classical 
scholar. Even his hours of exercise were 
not free, for his father walked with him and 
delivered to him lectures on political 
‘ conomy. James Mill belonged to the school 
of bloodless humanitarianism identified 
with the supremely intellectual and respect- 
able, but hateful, name of Jeremy Bentham, 
lhat has utility as iis watchword, but was 
blind half way round the horizon. By the 
time young Mill had reached his seventeenth 
year he was simply gorged with education, 
though it must be admitted he never showed 


any signs of being satiated. His father now 
got him a post in the East India Company’s 
office, and there he served faithfully for 
thirty-five years, rising to be the head of 
his department, at a salary of £2000 a year. 
When, after the Mutiny, the Government 
took over the company’s responsibilities, 
Mill was pensioned off, with a retiring 
allowance of £1500 a year. • He lived 
fifteen years longer, dying at Avignon — 

where he is buried within a fortnight of 

the age of sixty-seven (May 8, 1873). During 
the period of 1865-68 he was Radical 
member of Parliament for Westminster. 

The inner story of Mill’s life, as read 
through his Autobiography, and through 
his works, consists of his gradual broadening 
and partial emancipation from the hard 
and dogmatic intellectuality of the school 
in which he had been brought up. Slowly 
he emerged into a knowledge of life that lie 
ought to have had as a young man. He 
found an escape from the dry husks of 
philosophy through a love of Nature and a 
love of poetry, and eventually he married 
a widow who had long been his friend, and 
whom he idealised till their acquaintances 
did not know her when they saw her 
through his eyes. But whether he was 
building up his phenomenal knowledge by 
the dry labour of his rigid father, or ex- 
panding under the sunshine of life whim 
human nature began to count, John Stuart 
Mill was a mail of sweetest character, noblest 
instincts, keenest mind. Towards a whole 
generation of thoughtful Englishmen he 
stood in a relation of “ intellectual father- 
hood,” to use a phrase of his most dis- 
tinguished and consistent disciple. John 
Morley, who also has borne unstinted testi- 
mony to the richness of his culture, the 
full maturity of his wisdom, his passion for 
truth and justice, his “ difficult tradition 
of patient and accurate thinking in union 
with unselfish and magnanimous living.” 

At the end of his extraordinarily un- 
healthy education Mill was left very much 
at sea. The dryasdust philosophy of 
Bentham, with its lifeless “greatest good 
for the greatest number,” did not. satisfy 
him, nor the promise of happiness to those 
who make happiness their aim. Indeed, he 
came to the conclusion that that was the 
way how not to do it — that to be happy we 
must have an object in life, but it must not 
be happiness ; and then happiness will 
come as a by-product. His object was to 
seek truth, wherever it was within reach of 
human thought and experience as laid 
down by Locke. Outside the operations of 
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human reasoning and the experiments of 
the senses, Mill would not go. He did not 
deny anything, and he would have liked 
to indulge in belief beyond his reasoning, 
but he would not ; it was out of bounds. 

But what an immense amount there was 
within bounds ! There was the whole realm 
of Logic, and that he traversed in his 
“ System of Logic ” — his first book, pub- 
lished in 1843, after he had been contributing 
to periodical literature since early boyhood. 
There was Philosophy, and lie wrote 
an “ Examination of Sir William Hamil- 
ton’s views.” There was the realm of social- 
economics, and the theory of Bent ham and 
his father, which he had himself renamed 
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“ Utilitarianism,” but which he outgrew in 
its crude early forms, and expanded into a 
new reading of his own, that fluttered the 
older men of the faith sadly. There was 
the whole question of representative govern- 
ment, which men had begun to regard as 
settled, but which suggested to Mill that it 
might bring a tyranny of the majority 
scarcely less odious and unsound than a 
tyranny by a minority, and this led on to 
the writing of his great book on “ Liberty.” 
Then there was a question which halved the 
human race, and has becomp acute since 
Mill’s day— the public relations of men and 
women ; and John Stuart Mill was the first 
man in. the foremost rank of philosophers 
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and thinkers who declared decisively against 
what he called " the subjection of woman.” 
Lastly, there was the wide realm of com- 
mercial and industrial economics, and this 
fine, impartial thinker undertook to survey 
it in his “ Principles of Political Economy ” 
—a book which has been the pivot whereon 
discussion of the subject has mainly turned 
for sixty-five years. 

It may be said that the main currents 
of the world’s thought have left to some 
extent the channels through which Mill 
once directed them. Dependence on what 
the senses teach us by a narrow reading of 
their activities no longer satisfies us, since 
mind has re-emerged as an entity on its 
own account. The intense belief in in- 
dividuality as exemplified in Mill is left in 
the cold in an age of Socialistic endeavour. 
The rigid action of economic ” laws ” is 
felt to be less inevitable in the case of man 
than was recognised before the age of 
invention subverted Nature and won en- 
tirely new means of subsistence. In all 
these respects there has been a withdrawal 
from the positions taken up by Mill. But 
his work will ever remain a landmark in 
many practical departments of human 
thought, and his character and public 
spirit objects of unaffected admiration. 

JOHN MILTON 

The Immortal Defender of Liberty 

John Milton, the great poet, takes his 
place among the world- thinkers for two 
reasons apart from his poetry. Besides 
writing on the controversial, religious, and 
political questions of his day, and on ques- 
tions that made a personal appeal to him- ■ 
such as divorce he published an interesting 
letter on education that gives a curious 
view of learning as it struck the scholarly 
men who followed close on the Renaissance 1 ; 
and, above all, he wrote the most eloquent 
defence of liberty of thought and liberty 
in publication that exists in any tongue, 
ancient or modern. 

Milton was born in Bread Street, off 
Cheapside, on December 9, 1608. His 
father was a scrivener with a sufficiency of 
means, and, though a strong Puritan, a 
lover of music and learning. In each of 
these respects his son resembled him. Edu- 
cated first at Dean Colet’s foundation, St. 
Paul’s School, he entered Christ’s College, 
Cambridge, in 1625 ; and though his experi- 
ences at the university were not all plea- 
sant, he was long associated with it, and 
ranks as a great Cambridge man. Indeed, 
long after he had taken his M. A. degree, in 
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1632, he lived near the university, because 
of the learned companionship it afforded. 

He settled down m the country at Horton 
with the deliberate intention of writing 
groat poetry, and his writings in these early 
days will live while the English language 
lasts. They include the “ Hymn to the 
Nativity,” “ L’ Allegro,” " II Pensieroso,” 
“ Comus,” and “ Lycidas ” — the finest 
English writing that is strictly classical. 
In 1638 and 1639 Milton was travelling, 
chiefly in Italy, where he met the greatest 
Italians of his age, and was already received 
as a poet who had secured fame. 

Returning home, he undertook the edu- 
cation of his sister's children and others. 
Then, when the Civil War came, he turned 
to pamphleteering and public life, and 
hold the office of Foreign Secretary to 
the Commonwealth from 1649 onwards. 
Throughout the troublous years of his 
middle life a few sonnets were the only 
products of his poetic genius, and in prose 
certain controversial writings which add 
nothing to his reputation, and the “ Tractate 
on Education” and “ Areopagitica ” — com- 
mented on later. After the Restoration, 
when he was in some personal danger, 
Milton reverted to the ambition of his 
youth, and wrote “ Paradise Lost,” pub- 
lished in 1667 ; “ Paradise Regained,” 1671, 
and the magnificent and pathetic “ Samson 
Agonistcs.” He died on November 8, 1674. 

Milton was thrice married, first un- 
happily ; then, after he became blind in 
1652, happily, but his wife did not live 
long. Lastly, he married a homely wife, 
who was a comfort to him when the daugh- 
ters of his first wife proved churlish and 
unmanageable. His worldly circumstances 
became comparatively straitened in his 
later years, but he was never poor. His 
books were not a source of profit, though he 
had a most substantial contemporary liter- 
ary fame. He and his wife received £18 for 
" Paradise Lost,” and 1300 copies were 
almost immediately sold. 

'The “ Tractate on Education ” was 
written in the form of a letter to one Samuel 
Hartlib, a public-minded Anglo-Polc. It is 
remarkable for three features. First, like 
Ascham, Milton, in teaching languages, 
would get swiftly to the literature of the 
language, so that the student might secure 
the reward of enjoyment instead of being 
wearily cumbered by grammatical formulas. 
In the next place he realised that education 
should be all-round, and touch practical life 
as well as books. He would have his 
students physically trained, and, besides, 


practised in such sciences as agriculture, so 
that the productivity of the soil might be 
increased. Taken separately, nearly every 
item of Milton's educational scheme — which 
is very comprehensive — is excellent, judged 
from the modern standpoint. But the whole 
of it, as a demand made on the average 
student, is appalling in magnitude ; and if 
he tried as a schoolmaster to impose it on 
his sister’s children and other pupils we can 
accept the truth of the legend that the cries 
which accompanied their chastisement 
reached the ears of the scandalised neigh- 
bours. Milton himself was a prodigy of 
learning, and apparently did not realise the 
difference between the exceptional and the 
average intellect. 

It is in the “ Areopagitica,” a letter, or 
supposed speech, to the Parliament of 
England- -Lords and Commons — in favour 
of the liberty of unlicensed printing, that 
Milton takes rank with the great thinkers, 
and indeed embodies his thought in such 
lofty and moving language that it becomes 
great literature perhaps the most splendid 
example of elaborate English prose. 

Milton imagines the great Council of the 
Land assembled on some national Mars Hill 
— as in Athens — while he addresses them 
with a dignity worthy of a supreme occasion. 
And, indeed, the subject had an elemental 
greatness. All human progress depends on 
liberty of thought and its free exchange. 
But the Stuarts, through the Star Chamber, 
had insisted on a rigid control of the Press. 
Printers, booksellers, authors, and importers 
of thought from other countries were strictly 
controlled. Besides the King’s printers and 
the Universities there could only be twenty 
printers in the land, and they were registered 
and checked. Not more than four type- 
founders were permitted. 

The writings of all authors had to be 
passed by official judges, the narrowness 
of whose minds may be gathered from the 
fact that more than twenty years after the 
publication of the “ Areopagitica ” these 
hobbled minds “held up” “Paradise 
Lost ” for a while, because Milton said 
that the coming of great solar eclipses 
“ with fear of change perplexes monarchs.” 

This hidebound restriction of thought 
wrung the very soul of men like Milton, 
who realised that mental liberty is the 
most elementary human right. And yet 
the Commonwealth Parliament, on which 
he, and the likes of him, had reposed such 
hopes, actually issued an Ordinance in the 
same spirit as had been shown by the 
rejected Stuarts. It was in protest, grave 

49i3 



HARMSWORTH POPULAR SCIENCE 


and fierce, against this Ordinance that 
M ilton issued his memorable “ Areopagitica.” 

He claimed the right to address Parlia- 
ment in the public interests, as thoughtful 
men had done in ancient times. He did 
no deny that it was well “ to have a 
vigilant eye on how booVs demean them- 
selves, but to kill a good book — as well 
kill a man ! ” “A good book is the precious 
life-blood of a master-spirit embalmed anti 
treasured up on purpose to a life beyond 
life.” “ Revolutions do not oft recover the 
loss of a rejected truth, for the want of 
which whole nations fare the worse.” 

In ancient times, books, said Milton, were 
not censored. How came 1 lie censorship 
to be established ? The reply is, by the 
Inquisition. Was the Protestant Parlia- 
ment proud of following that example ? 
The Scriptural injunction was to “ Prove 
all things, and hold fast that which is 
good.” How could that be done with 
books if freedom were disallowed ? I f books 
are to be regulated, why not all amuse- 
ments, music, conversation ? Resides, who 
are these licensers to be ? How can their 
cursory eyes judge the writing to which a 
man has given his life ? 

That is the line of Milton’s argument ; 
'and then lie rises to a purer height, and 
examines the very nature of Truth— man’s 
“ richest, merchandise ” — and England as 
the land of its defence. “ Though all the 
winds of doctrine were let loose to play 
upon the earth, and Truth be in the field, 
we do injuriously, by licensing and pro- 
hibiting, to misdoubt her strength. Let 
her and Falsehood grapple ; who ever 
knew Truth put to the worse in a free 
and open encounter ? She needs no policies, 
no stratagems, no licensings to make her 
victorious, those are the shifts and the 
defence's that error uses against her power 
— give her but room, and do not bind her 
when she sleeps.” 

Thought, sentiment, and a profound 
philosophy have never found more cogent 
and thrilling expression than in this im- 
mortal prose work by a great poet. 

MONTESQUIEU 
The First Evolutionary Historian 

(diaries do Sccondat, Baron Montesquieu, 
the first thinker to treat history from a 
really philosophical standpoint, and an 
eminent writer on political science, was 
born at the Chilean of La Brede, rtear 
Bordeaux, January lS, 1689. His uncle, 
Jean Baptiste de Sccondat, was President 
of the Provincial Parliament of Guicnnc; 
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and this important office, being hereditary, 
descended in due course to Charles, who in 
his youth was known as Monsieur de la 
Brede. Charles received an excellent 
education, and on leaving school made a 
diligent study of the law. At the age of 
twenty-four he became a councillor of Un- 
Parliament, and two years later, on tin* 
death of his uncle, he succeeded to tin- 
presidency, as well as to the family title n[ 
Montesquieu. 

He was now wealthy and influential, and 
fond of good society. But he did not lot 
pleasure interfere with liis duties as a public 
spirited magistrate, and he filled up lib 
leisure in preparing papers on politics and 
natural science for the Bordeaux Academy. 
He was at the same time occupied witli a 
more ambitious task, and in 1721 appeared, 
anonymously, the " Lcttrcs Persancs,” his 
earliest conspicuous literary success. Tin- 
letters are supposed to be written by two 
Persian visitors to Paris, and in this fictitious 
correspondence Montesquieu wittily chas 
tises the innumerable follies and corruptions 
of his age. 

It was an era, in France, of shameless 
vice and amusement, and it is hardly 
surprising that Montesquieu should oc- 
casionally overstep the hounds of delicacy 
in a work of this kind, but the author 
mingles with his raillery much serious and 
searching criticism of king ami Court ; ol 
the ignorant contempt for science ; of the 
persecution inflicted on genius and intellect : 
of the status and education of women ; and 
of the bickerings and insincerities <»t 
theologians. It was the first stirring of the 
miry pools in high places. Its pages were 
mirth-provoking, but they were al><> 
thought- inspiring. The book was popular 
enough to rouse the jealousy of Voltaire. 
The gay and dissolute Ministers of Louis 
XV. unquestionably laughed over its 
pleasantries, but its playful satire exposed 
the depravity of Church and State. Ful- 
some reason or other no further editions 
were issued for nearly nine years. 

Hungering for the amenities of Parisian 
society, Montesquieu sold the life tenine 
of his office, and in 1726 went to live in the 
capital. He was made a member of the 
A cat Ernie Franchise, and in 1728 started 
on a prolonged tour, with the object of 
studying the peoples and Constitutions <>t 
various European countries. He visit'd 
Austria, Hungary, and Italy, and in Veni"' 
became intimate with Lord Chesterfield. 
Then by way of the Rhine he travelled on 
England, where he stayed for nearly tw> 
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years. Montesquieu shared the partiality 
which Voltaire always felt for England, 
(.nvornment which respected personal lib- 
,-i i v, and was not unmindful of the public 
inn-rest, won his profound admiration. He 
listened to the debates in the House of C'nm- 
niniis, read Locke’s political works, and was 
permanently affected with Anglomania. 

I lb best writings were strongly flavoured 
with English ideas ; and on his return to his 
(•state at La Brede he went so far its to lead 
the life and exercise the benevolent despot- 
ism of a typical English squire. 

After settling down in his own country, 
Montesquieu devoted himself largely io 
literature, and in 1744 was published, at 
Amsterdam, his historical masterpiece*, 

“ C onsiderations sur le; Causes de la 
Grandeur et de la Decadence des Romania” 

It is a strikingly able book, condensed and 
weighty and amazingly clear, if somewhat 
grandiloquent in style. It traces with 
scientific skill the causes which influenced 
the expansion and political development of 
tho Roman Empire, and covers the period 
In mi its legendary beginning to the hall 
el Constantinople. Tt is an exceedingly 
valuable contribution to the philosophy 
of history. Twelve years elapsed before 
Montesquieu published (1748) what has 
hi.ru regarded as the greatest book in the 
French literature of the eighteenth century, 

“ L’Esprit des Lois.” The abbreviated 
title does not sufficiently explain its scope. 
Its object is to show the relation which laws 
should bear to the constitution of each 
government, the manners, climate, religion, 
commerce, etc. It consists of thirty-one 
hooks dealing with law in general, taxation, 
manners and customs and their depend- 
ence on climatic conditions, economic 
questions, religion, and feudal law. The 
work suffered the distinction of being 
placed 011 the Index Prohibitorum ; and the 
the reactionary theologians of the Sor- 
honne threatened it with a formal censure, 
notwithstanding the marked moderation 
with which the author discussed the subject 
() f religion. 

As Montesquieu had anticipated Gibbon 
in Roman history, so also he anticipated 
Fuckle and others in his views on the 
inllucnce of climate. An interesting section 
of the work is that which expounds the 
constitutional government of England. He 
cle; uly separates the functions of the execu- 
tive and legislative powers, and eulogises 
the free English Constitution as the model 
worthy of universal imitation. The sug- 
g^tiveness, the originality, the absence 
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of dogmatism, and the remarkable brilliancy 
of its generalisations combine to make, this 
“ one of the most important, hi >oks ever 
written.” Even Macaulay, otherwise a 
rather severe critic of Montesquieu, admits 
that he 14 enjoys, perhaps, a wider celehiity 
than any political writer ol modern 
Europe.” And Count Grimm, writing in 
175b. said, “ The 4 Esprit des Lois ’ lias pro- 
duced a complete revolution in the mind 
of the nation. The best heads in i his 
country [France] for the last seven or eight 
years hslvc been turned towards objects of 
importance and utility. Government is 
becoming more and more a matter of 
philosophic treatment and discussion.” 

The works of Rousseau and Voltaire were 
more directly responsible for producing the 
state of feeling that evolved the Revolution, 
but Montesquieu’s writings had an im- 
mense influence on the finest minds and 
greatest men of his dav by demonstrating 
to them the indefensibility of the despotic 
government they were living under. 

As an older man, Montesquieu was 
particularly kind to humbler men of letters. 
In 1754, (hiring a visit to Paris, he was taken 
ill with an attack of fever, and died on 
February 10, 1755. He was totally blind 
before his death. 

SIR THOMAS MORE 
The Prophetic Thinker of Tudor Times 

Sir Thomas Mon*, the most prophetic 
thinker of Tudor times, was horn in London 
on February 7, 1478, the son of a judge, Sir 
John More. When a boy he was attached 
to the household of Cardinal Morton, the? 
then Archbishop of Canterbury and Chan- 
cellor to Henry the Seventh. Then, as 
afterwards, he was universally admired and 
loved. “ Whoever liveth to try it,” said 
Cardinal Morton, “ shall see this child, 
now waiting at my table, prove a notable 
and rare man.” Later, Erasmus said, 
“ When did Nature mould a temper more 
gentle, endearing, and happy than the 
temper of Thomas More ? ” 

When he left Oxford and entered as a 
lawyer he was already known widely as an 
accomplished scholar. At the age of twenty- 
one he was a member of Parliament and 
Under-Sherift of London; and although, in 
the words of Erasmus, 11 he tried as hard 
to keep out of Court as most men try to 
get into it,” he* was taken into the king’s 
service, sent to the Continent as an ambas- 
sador, made a Privy Councillor, Treasurer 
of the Exchequer, Speaker of the House 
of Commons, and, in 1529, Lord Chancellor. 
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Henry VIII. was his friend, and an in- 
formal visitor at his home. When someone 
remarked to More how the King loved him, 
“ Yes,” said he, “ but if the loss of my head 
would win his Majesty a castle in France 
I should lose it.” When Henry made his 
last religious tack, and demanded that all 
Englishmen should acknowledge his supre- 
macy in religion, More, who was, and had 
always been, a sincere Catholic, refused 
to take the new oath. “ Item,” says the 
diary of the Protestant Prime Minister, 
“ to inquire the King’s pleasure concerning 
Master’ More.” The King’s pleasure was 
that More should die, and, to the grief and 
amazement of Europe, on July 7, 1535, he 
was brought to the scaffold. 

Thomas Moie lives for ever in a book 
which at one time seemed to have distilled 
into a word, and that a word of derision — 
the book “ Utopia,” the word 4 ‘ Utopian.” 

“ Utopia ” was written in Latin, and not 
translated into English until after More’s 
death. The title of the first English 
edition, which remains incomparably the 
best, was “ A fruitful and pleasant work 
of tlic best state of a public weal, and of 
the new isle called Utopia : written in 
Latin by Sir Thomas More, Knight, and 
translated into English by Ralph Robinson.” 

This new isle is introduced in a curious, 
non-committal way, that gives free scope 
for More’s thoughts during a repressive 
and resentful age. He says that when he 
was on an embassage, Peter Giles, secretary 
to the Antwerp Council, introduced him 
to a strange mariner who had “ sailed with 
Amerigo Vespucci under the equinoctial 
line,” and, having seen many new lands, was 
wholly given up to the study of philosophy, 
particularly as regards laws and govern- 
ment. Sitting " on a bench of green turves ” 
in More’s garden, More, Giles, and the 
stranger, Raphael Hithlodaye, discuss how 
countries are governed, and might be 
governed, and the stranger proves to be so 
wise that they ask him why he does not 
become an adviser to kings. “ Nay,” 
he replies ; ” philosophy hath no place 
among ings and then he gives proofs, 
such as the punishment of theft by 
death, instead of removing the causes 
of poverty. Asked what those causes are, 
he replies : “ High rents keeping an idle 
class, standing armies, large estates, 
luxurious living, and lack of education. 
Remove these, and there will be little 
cause for repressive laws, for the end of law 
intendeth nothing but the destruction of 
the vice and the saving of the man." The 
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world has taken four hundred years in learn- 
ing that lesson. In enforcing these and 
similar thoughts the stranger harps on th« 
good government of the Isle 01 Utopia, 
whereupon his hearers demand that he shall 
tell them of that government in detail. 

In the fanciful sketch of a communistic 
government that follows, More foreshadows 
almost every reform and social improve- 
ment arrived at between his day and ours, 
and some that have not yet been attempted. 
He describes the division of the land into 
“ fifty-four fair cities ” about four-ainl- 
twenty miles apart ; and the devotion of 
everyone to husbandry, but not as owners of 
the soil. These cities are laid out so as to he 
improvements even on our Garden Cities. 

Every thirty families are grouped under 
a bailiff elected annually by the mngis- 
1 rates ; every 300 families are under a 
magistrate, “ who is not lightly changed ; ” 
every 200 magistrates elect a prince for life 
" unless he be deposed on suspicion of 
tyranny ” — a bold proposal in the reign of 
Henry VIII. Every citizen learns soim 
trade besides husbandry. Six hours a div 
is the time for work, and proves an abund- 
ance, for all men and women work, though 
the fittest for learning are dedicated to it by 
licence, as long as they make good use of 
the privilege. Food and all commodities 
are free and in common ; no one lark* 
anything; and where all can have whatever 
they can use, there is no ostentation ■ -which, 
says More, is the great curse of private 
riches. The hospitals for the sick are a 
forecast of the most modern institution^. 
Travel is arranged for, and emigration 
mapped out to distribute the population. 

As examples of modern questions that 
have not developed beyond More’s wisdom, 
law, education, and religion may be taken. 

“ For people so instructed, few laws 
suffice. They utterly banish all lawyer^ 
and such as craftily and subtily dispute of 
laws, for the simple and plain meaning <>1 a 
law should be open to every man.” 

All in childhood are instructed in learning, 
whereas we allow our youths (says Morel 
“ to be wantonly brought up and infected, 
and tlvm in God’s name do p.nish tlvnu. 

As for religion, the Utopian ideal should 
be written in letters of gold. “ There h‘ 
diverse kinds of religion, but the most and 
wisest part believe in a certain Godly Pouci'. 
unknown, everlasting, incomprehensible, k- 1 ' 
above the capacities and reach of man’s wit. 
dispersed throughout the world not in hi£” 
ness, but in virtue and power. Him they 
call the Father of All. To Him alo:v' t!ry 
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attribute the beginnings, the proceedings, 
the changes, and the ends of all things. 
I hey believe that the soul is immortal, 
.md, by “the bountiful goodness of God, 
ordained to felicity. They believe virtue 
to be life according to Nature — and that 
Nature prescribcth to us a joyful life ; to 
the body diverse sensible pleasures; to the 
soul the delectation that cometh of the con- 
teinplation of truth. But in all these 
matters they give every man free liberty to 
believe what he would, because it is in no 
man's power to believe what he list.” 

More's “ Utopia ” is obviously based on 
Plato's “ Republic " in a broad way, but it 
is Plato made incomparably more practical, 
though admittedly some of its proposals are 
trivial. The central idea of the book’s 
economy is the abolition of money, and 
with it envy, covetousness, want, ostenta- 
tion, and Pride, the mother of mischief, and 
it closes with a passionate eloquence which 
shows how deeply the author believed in his 
ideals. Looking back at the troublous 
times in which More lived, when his dream 
was all of the future, we cannot but wonder 
reverently at its audacious beauty. 

F. W. H. MYERS 

A Notable Student of Human Personality 

Frederic. William Henry Myers was born 
at Keswick on February 6, 1843, the son 
of the Rev. Frederic Myers. After a dis- 
tinguished school career at Cheltenham, he 
entered Trinity College, Cambridge, and was 
one of the most conspicuous scholars of his 
time. Tn 1872 he was appointed an in- 
spector of schools, like another thinker and 
poet, Matthew Arnold. He wrote many 
essays and poems, and one of the best of 
the many critical volumes on Words- 
worth, a poet who belonged to his native 
mountains. The following fragment of 
his poetry is worthy of quotation, for it 
exactly expresses the very essence of the 
t bought of its author, and it also shows his 
interest in and sympathy with the leading 
ideas of modern science : 

I hat hour may come when Earth no more can 
keep 

Tireless her year-long voyage thro’ the deep ; 
Nay, when all planets, sucked and swept in 
one, 

Feed their rekindled solitary sun ; 

Nay, when all suns that shine, together hurled, 
Trash in one infinite and lifeless world : 

Vet hold thou still, what worlds soe’er may 
roll, 

Nought bear they with them master of the 
soul ; 

hi all the eternal whirl, the cosmic stir, 


All the eternal is akin to her ; 

She shall endure, and quicken, and live at last 
When all save souls lias perished in the past . 

Frederic Myers was indeed a true poet 
and a great man of letters, but here Ik 
concerns us as a thinker who not merelj, 
believed but reasoned, and added to the 
sum of human knowledge. As such he is 
to be remembered for two valuable achieve- 
ments. He was one of the pioneers who 
founded and long served the Society for 
Psychical Research. He at last consented 
to become the president of the society, 
and held that office at his death, in 1901. 
The honest, patient, devoted, scientific 
prosecution of psychical research is in- 
calculably indebted to Myers. But for him 
it is not possible that this subject should, 
in a comparatively short time, have been 
rescued from the charlatan and the fool, 
as astronomy and chemistry had been 
rescued before it, and should now be en- 
titled to the place which it will yet receive 
among the acknowledged sciences. To have 
given this great subject its proper place* in 
the estimation of the thoughtful, to have 
set its students upon sober, scientific lines, 
to have established what was looked upon 
as a ” freak ” society so that the greatest 
philosopher of the age is now its president 
— this was largely the achievement of 
Frederic Myers, and entitles him to a place 
among the epoch-makers of science. 

His other great achievement is the tan- 
gible document entitled “ Human Per- 
sonality, and its Survival of Bodily Death,” 
which was posthumously published in two 
volumes in 1903. A shorter version, made 
by the author’s son in 1906, is of scarcely 
less value, and should be in every thinker’s 
library as a classic of contemporary thought. 

The task which Myers set before him was 
to furnish an exposition of the results of the 
new science which he had largely founded. 
The evidence was contained in dozens of 
volumes, and he was entitled to refer the 
student to them, just as the author of a 
volume on physiology gives references to 
individual researches and pieces of evi- 
dence. This obvious fact has been forgotten 
by many critics, who demand more evidence 
from the author, without troubling to study 
the evidence which exists, though so few 
people are aware of it. 

Myers was, however, much more than a 
digester of data. He had real psycho- 
logical insight. Recent students of insanity, 
and of sanity also, are spending, all their 
time upon what they call “ dissociation.” 
or, in Myers’s term, ” disintegrations of 
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personality.” The key to the phenoncma 
of conduct, normal and abnormal, is to be 
found, they tell us, in the realm of the sub- 
conscious. Yet we have only to turn to an 
author of such eminence as William James 
to find him defining psychology, as “the 
science of consciousness. 

It must be acknowledged that Frederic 
Myers was the first thinker to realise the 
importance of the subconscious. He, above 
all merf, is responsible for directing the 
attention of modern psychology to a sphere 
of inquiry which has hitherto been ignored, 
or looked upon as trivial. And we are 
specially indebted to him for showing that 
the subconscious is important not merely 
in relation to disease, to morbid manifesta- 
tions of mind and conduct, but also in 
relation to health and the highest mani- 
festations of health, which are the noblest 
works of human genius. Myers’s theory of 
the genesis of the products of genius was 
original and profound. Already it has 
become almost a commonplace of thought. 

At Rome, early in iqoi, Myers’s physical 
resources began to fail. He suffered much 
before death, and his departure was de- 
scribed as “ a spectacle for the gods ; it was 
most edifying to see how a genuine convic- 
tion of immortality can make a man in-, 
different to what to ordinary people is so 
horrible.” Between the attacks of painful 
breathing, as he lay on his deathbed, he 
quoted these lines from an early poem of 
his own : 

Oh, welcome then that hour which bids thee lie 
In anguish of thy last infirmity ! 

Welcome the toss for ease, the gasp for air, 
The visage drawn, and Hippocratic stare ; 
Welcome the darkening dream, the lost control, 
The sleep, the swoon, the arousal of the soul. 

And thus, on January 17, 1901, Frederic 
Myers “ died ” — whatever that may mean. 

SIR ISAAC NEWTON 
Discoverer of the Law of Gravitation 

Newton’s stupendous genius is of a 
peculiarly attractive kind. It was an 
intent, patient, all-absorbing gaze upon 
reality — an ardent contemplation before 
which the deepest principles were gradually 
unfolded. This happy and most fruitful 
contemplation was m itself sufficient to 
Newton. It never occurred to him to do 
anything with it, or to teach or proclaim it ; 
his whole life consisted in this steadfast pene- 
tration into reality. So it came about that 
his outward life was entirely undeveloped — 
he remained a child to the end of his eighty- 
five years. His health, lus domestic con- 
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ccrns, and all that was outside this pu re 
intellectual flame had to be looked after 
by his devoted and unwearied relatives. 
He lived very frugally, and always in the 
same modest, calm, and dignified simplicity, 
together with a niece and her husband. 1 ( f ’ 
never married ; and, apparently, the thought 
of marriage never occurred to him. 

Isaac Newton was born at the manor 
house of Woolsthorpe, near Colsterworth, 
Lincolnshire, on Christmas of 1642. His 
father, who survived the marriage by only a 
few months, was a small yeoman farmer ; 
he died at the age of thirty-six, before Isaac 
was born. At two years of age the infant 
was left at the manor in the care of his 
grandmother, for his mother married a 
second time, and went to North Witham, 
where her new husband was rector. 

At fifteen years, Newton was taken 
from Grantham Grammar School and set to 
work on the farm, but it was soon apparent 
to everyone that he would never make a 
farmer. He was therefore permitted to 
return to school, and in 1661 entered Trinity 
College, Cambridge, as a sub-sizar. Within 
the next six years he had already laid the 
foundations of all his greatest discoveries, 
and the rest of his long life was spent in 
working them out. The principal monu- 
ments of his vast intellect are : the differ- 
ential calculus, the law of gravitation, and 
the analysis of white light into its compound 
colours. All of these three discoveries, 
but especially that with regard to the law 
of gravitation, have been of incalculable 
service to the science of astronomy. 

In 1665 the Plague swept over the count ry, 
and drove all Cambridge students away from 
the university. Newton returned to Wools- 
thorpe with his mind teeming with the 
problem of that central force which governs 
the solar system. It was clear that some 
single, definite force of that kind existed. 
Kepler’s laws had proved that a central in- 
fluence, emanating as it were from the sun, 
controlled all the motions of the planets; 
that a similar force, or the same, emanating 
from Jupiter, regulated the orbits of hi* 
planets ; and, again, that the earth had a 
power of the same kind, by which to control 
the circling of the moon. So Newton saw 
the entire mechanism of the solar system 
in one simple and beautiful harmony. But 
this elusive force itself was still hypothetical, 
and thus failed to satisfy his ardent inquiry. 
The story of the falling apple, which struck 
home to his mind as he sat meditating <'ii 
his great problem in the manor garden, 
appears to be quite authentic. The simple 
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incident threw, for him, clear light upon 
tlic whole order of the universe, and by it 
Newton understood the law of gravitation. 

He did not, indeed, as is often stated, dis- 
cover the fact of gravity, which had been 
recognised from the earliest times. Nor 
was he able, for many years after this event, 
to demonstrate precisely how gravitation is 
sufficient for the explanation of planetary 
motions. His first attempt was to apply his 
no w idea to calculating the relations between 
the earth and the moon, but his results were 
unsatisfactory, because the generally ac- 
cepted figures with which he was working 
happened to be incorrect. The result 
was that he abandoned the problem for 
many years, and applied himself to the study 
of optics, in which he became at once 
1 of ally absorbed, in the manner character- 
istic of his extraordinarily sincere mind. 

Tn the year 1672, however, the publication 
of Picard’s correct determination o( the 
length of a degree of the meridian, and 
therefore of the dimensions of the earth, 
provided him with far more accurate figures 
for his calculations, and he returned im- 
mediately to his suspended studies of the 
effects of gravitation, and this time with 
unqualified success. In complete silence, 
without taking anyone into his confidence, 
Newton worked out the whole theory of 
gravitation, as it affects the movement of 
heavenly bodies, in his immortal “ Prin- 
cipal.” The wonderful discovery became 
known only through Halley, who came to 
;»sk Newton to solve a certain problem 
relating to the path of a planet moving ac- 
cording to the laws which had been recog- 
nised by Kepler. Newton was able to ex- 
plain the matter, and far more also, in the 
light of the lately discovered truth ; and 
Halley, equally astounded and delighted, 
would not rest until the Royal Society 
had secured the publication of the epoch- 
making book. The “ Principia ” was, in 
fad, published at Halley’s private expense, 
and, so far as we arc able to know, would 
never have seen the light if it had not been 
for his disinterested efforts. The “ Prin- 
( 'ipia ” is perhaps the most sublime mathe- 
matical work which has ever been written. 
Certainly it has had greater effect upon 
subsequent thought than any other. It 
} v,l > published in 1687 ; and a new edition, 
in the form in which it nov/ appears, was 
given to the world in 171^ 

Sir Isaac Newton’s discovery of the 
composite nature of white light is also of 
tlu- very first importance. He was attempt- 
's to improve the telescope, which at that 


time was a very inferior instrument, giving 
blurred colours round the image of a star. 
Its imperfect lenses had the effect of 
splitting up white light into the several 
component coloured rays. For a long time 
the phenomenon had been there for anyone 
to see and understand, but Newton was 
the first to understand it, and thus was 
undoubtedly the originator of the art of 
spectral analysis, which in the hands of 
Sir William Huggins and many of his 
successors has revealed the chemistry ol 
the remotest stars. 

Sir Isaac Newton was a very practical 
optician, and his improvements to the 
telescope are commemorated by the name 
“ Newtonian,” which is applied to the 
type of reflector which he designed. 



SIR ISAAC NEWTON 


In the year 1669, at the age of twenty- 
six, Newton w^as appointed Lucasian Pro- 
fessor of Mathematics at Cambridge. In 
1672 he was elected a Fellow of the Royal 
Society, which was still in the ardour of its 
youth. After the publication of the 
" Principia,” many irrelevant honours were 
thrust upon him ; thus, in 1689 lie was sent 
to the House of Commons, and in 1697 was 
appointed Master of the Mint. 

Queen Anne knighted Sir Isaac Newton 
in 1705. He died on March 20, 1727, at 
the age of eighty- five, and was buried in 
Westminster Abbey. There is little doubt 
that he was the greatest mathematical 
genius who ever lived. 
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The first sound ever heard through the air across the Atlantic passed by “ wireless ” between Corin' . 
and Newfoundland, where it w r as detected by Mr Marconi and his assistants through a receiving 
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SIGNOR MARCONI— THE HARNESSING OF 
THE INVISIBLE ETHER 

f| GRINDELL MATTHEWS— THE WORLD 
AS A WHISPERING-GALLERY 
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SIGNOR GUGLIELMO MARCONI 
The Harnessing of the Invisible Ether 

^ ignor Guglielmo Marconi, to whom the 
C) world owes practical, commercial wire- 
less telegraphy, was born at Bologna, Italy, 
on April 25, 1874, and was educated at 
Leghorn and at. Bologna University, under 
Professor Rigid. His father was a wealthy 
Italian, his mother an Irishwoman, and 
the blend of Latin and Celt has resulted in 
a unique type of mind — imaginative as of 
the seer, practical as that of the financier, 
indomitable as that of a Wellington. 

Upon page 2033 of the present work 
begins a chapter in which the story of wire- 
less telegraphy is told. Marconi’s life-story 
and that of the science which he has brought 
to success arc inseparable. Since he was 
a small boy studying under Professor Righi, 
liis entire energies have been devoted 
to this one immense subject. He was 
fortunate, as Sir William Fothergill Cooke 
was fortunate. Cooke studied under a 
pro lessor who happened to be fascinated 
with the problem of the then unborn 
electric telegraphy. Marconi came within 
the iniluence of a professor who was equally 
ardent in his gropings, not, indeed, towards 
wireless telegraphy, but to the mastery 
of ethcric waves, tending to he- knew not 
what. Others were experimenting in the 
same field. 

Marconi's practical mind grasped the com- 
ny Trial possibilities of these waves. Gurney, 
Faraday, Clerk Maxwell, and Hertz had, 
hy prophecy, by leading, by suggestion, 
din-cted, hastened, and aided the steps 
of practical men ; Precce, Lodge, Muirliead, 
Hughes, had actually telegraphed without 
wires, but nothing commercially practical 
had resulted. Marconi perceived that 
e theric waves might be used in telegraphy, 
} on & before, Gurney had seen that the 
^‘illations of the magnetic needle might 
heroine a means of communication. But 
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SAMUEL MORSE — THE AMERICAN IN- 
VENTOR OF THE TELEGRAPH 
WILLIAM MURDOCK THE MAN WHO GAVE 
IJS COAL-GAS 

JAMES NASMYTH— THE MAKER OF THE 
GIANT HAMMER 

THOMAS NEWCOMEN— A PIONEER OF THE 
STEAM-ENGINE 

JOSEPH NICEPHORE NIEPCE — THE 
FATHER OF PHOTOGRAPHY 
ALFRED NOBEL 4 - THE PEACEFUL 
TRIUMPHS OF WARLIKE INVENTIONS 

jusl as Jacquard feared to claim the reward 
for his invention, in the belief that so many 
other minds would have devised a similar 
machine, so Marconi found it impossible to 
believe that he alone had grasped the sig- 
nificance of the possibilities before him. 
Admittedly he had other men’s work to go 
upon ; their labours were known to him, 
their appliances ready to his hand to do 
with as lie would, but they were equally 
at the disposal of other men of scientific 
training, and lie could not bring himself to 
fancy that the path to the desired goal was 
to be. undisputcdly his. 

“ Wireless telegraphy,” as lie says, “ is, 
after all, only the 1 practical application of 
a new way of controlling and detecting 
certain kinds of etheric waves, named 
Hertzian, to the useful purpose of com- 
municating intelligence over sea and land 
without the employment of wires or other 
intermediary mechanical means. Although 
I was deeply impressed, owing to my 
experiments, with the value of the etheric 
waves given off into space under certain 
conditions of electrical disturbance, I could 
scarcely conceive it. possible that their 
application to useful purposes could have 
escaped the notice of eminent scientists.” 
And he sought diligently through all the 
technical papers and reviews, expecting 
daily to learn that his own theories had 
already found concrete expression in the 
achievement of some one man ; and not until 
lie had failed to find that which he had 
feared he would discover could he let 
himself dare to hope that he and he alone 
had found a scientific new heaven and new 
earth. He did not know quite all there 
was to be known. He was not aware 
when lie began, for example, of the wonders 
achieved by Hughes in a London street, for 
he has told us that when he commenced 
his experiments he was not able to effect a 
transmission across a space as wide as a 
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table-top. Hughes had had no difficulty 
up to 500 yards, years before. It was when 
he had succeeded, in 1896, in transmitting 
his signals to a distance of two miles that 
Marconi packed up and came to England. 

He was wise in choosing Sir W. H. Preecc 
as the recipient of his confidences. When 
the telegraph cable was ruptured between 
Oban and the isle of Mull, in 1895, Preecc 
had made no bones about the matter, but 
sent his messages without wires. With 
typical friendliness to new ideas, the 
same man had introduced both the telephone 
and phonograph into England. It was 
after his own wireless success that Sir 
William was waited on by Marconi, and he 
frankly confesses that “ he brought a new 
method of working.” That is the important 
point as to this stage of the development 
of wireless telegraphy. Preece was chairman 
at Marconi's first lecture; and though the 
veteran scientist was at first a little inclined, 
when messages began to flash across the 
Atlantic, to underrate the potentialities 
of the new creation, he magnanimously 
assisted the young stranger in the early 
days of his trials in England. 

The story of Mr. Marconi’s progress has 
already been told in these pages, but only 
he himself knows how anxious were the 
days and* months that passed; how in- 
explicable for the time being some of the 
phenomena by which from time to time lie 
was brought to a full-stop. One who 
worked with him during the days of 
trembling hopes and misty fears says, 
from his recollection of these times and the 
way in which Marconi faced his difficulties, 
“ He has that intuitive perception of the 
solution of a difficulty to which the name 
of genius is properly applied.” 

The more his work progressed, the 
more puzzling became the results and 
obstacles. For example, there was nothing 
in the whole store of scientific knowledge 
to enable him to grasp the meaning of the 
now well-known " daylight effect.” No 
one had ever previously projected a wireless 
signal far enough to discover that under 
the glare of a noonday sun a Hertzian wave 
travels a considerably shorter distance 
than does a similar wave with the same 
current at night. Had he confined his 
operations to work by day, he must have 
been defeated. It was only by contrasting 
night - effects with day -effects that he 
established the disparity, and it remained 
to him, the discoverer of the difference, to 
combat the difficulty. The problem was 
wholly unexpected, and at first apparently 
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insuperable, but in a few months tin 
apparent cause had been diagnosed, and .1 
remedy put in operation. 

Marconi had great confidence in himscli 
all through his preliminary work. Hi 
succeeded in inspiring similar confidenn 
in others. King Edward, when Prince of 
Wales, warmly interested himself in thr 
young inventor, and rendered him in- 
valuable aid by granting him the loan of 
the Royal yacht “ Osborne,” for experi- 
ments. When at last, on December 12 , 
1901, the first wireless signal leapt across 
the Atlantic, and the King was informe* 1, 
he reminded the inventor that the good 
ship " Osborne ” deserved the honour of 
sharing his success. The date mentioned is, 
of course, the red-letter day of Marconi’s 
career. He had, in 1899, first established 
wireless communication between France 
and England, but now he had detected 
the arrival of the three little dots which, 
in the language of Morse, mean the letter 
“ s.” It was enough. The signal which, 
a few years before, had been too weak to 
hop the breadth of a little table had now 
bounded across an ocean 1800 miles in 
the ninetieth of a second. A year elapsed 
before the first message proper was sent, 
and that came from the Canadian side, 
and, dated December 22 , 190 2 , ran as 
follows : “ To Lord Knollys, Buckingham 
Palace, London. On occasion of first 
wireless telegraphic communication across 
Atlantic Ocean, may I be permitted to 
present, by means of this wireless message, 
transmitted from Canada to England, my 
respectful homage to his Majesty the 
King ?• -Marconi.” Quickly upon the heels 
of this came a similar message from Karl 
Grey, the Governor-General, to the King. 

Since then wireless telegraphy has gone 
from strength to strength. Marconi Jia> 
not escaped the tribulations common to 
the lot of pioneers. A cable company 
stopped his experiments in Newfoundland, 
anti caused him to remove his apparatus 
from the country. A noted scientist 
doubted that his magic " s ” had ever 
crossed the Atlantic by wireless mean*, 
and added, when messages proper began to 
fly across the water, that they could never 
compete with the cables ; that the invention 
would never become practicable as an 
important means of communication. Act n >n< 
in the Law Courts have had to be fovgjd 
to establish the validity of Maro-nis 
patents. The last and greatest of tlicse 
occupied the Court no fewer than fourteen 
days. The judge, Mr. Justice Parker, heL 
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that the Marconi patent was good and valid, 
t hat it had been infringed, and granted an 
injunction with costs, with an inquiry as 
to damages. Since then events at sea 
have conspired to fix in the public mind 
t lie extraordinary value of wireless tele- 
graphy. At the beginning of the present 
'war his system was installed upon the 
principal warships of the British and 
Italian fleets, upon some 300 ships of the 
mercantile marine, and upon an increasing 


public, estimation turned was the arrest 
of the Quaker murderer, Tawell. Newt 
of his flight by train from Slough to Pad- 
dington was wired along the line. Ihi 
telegraph nearly enabled him to escape, 
The telegraph operator wished to win 
“ Quaker,*’ but the telegraph had not yet 
got a “ q ” to its alphabet, and the operator 
had to spell out the word as “ kwakor.” 
The man at the receiving end was so Ion*; 
in deciphering the puzzling word that 
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number of lesser vessels. History in wireless 
telegraphy has been made before the eye* 
«>l the youngest reader of this publication. 
All the details and difficulties have been 
hatched as they arose and disappeared. 
N' ver was a great revolution effected with 
•aii'h speed and relative smoothness. Hie 
puzzles which beset the pioneers of the 
"i dinary electric telegraph system are now 
i« Tgotten, but it is interesting to recall 
dial the incident upon which its rise in 


Tawell was all but clear away before, the 
message could be passed on to the police. 
Air. Marconi started with no such limitations 

H. GRINDELL MATTHEWS 
The World as a Whispering-Gallery 

Mr. H. Grindcll Matthews commands a 
prominent place among the little group of 
scientists in England, America, Denmark, 
Italy, and Germany who are seeking to 
perfect a system of wireless telephony 
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which shall in course of time make the 
world one vast whispering-gallery. Mr. Mat- 
thews has been experimenting in the 
field for thirteen years, advancing step bv 
step from the imperfect instrument to the 
less imperfect, gaining greater power for the 
transmitting apparatus, with accompanying 
increase of sensitiveness in the receiver. 

. Itis first experiments were conducted in flu* 
quiet, unfrequented ways of country places, 
where he addl'd mile to mile of the carrying 
power of his instrument. Later he gave a 
demonstration in a suite of rooms in a 
London hotel, through the* intervening 
walls of whieh he sent his wireless words, 
distinctly and without difficulty, and alter 
that sent his messages through half a mile 
of London streets. But all this was being 
doin' upon more ambitious lines by other 
inventors. Mr. Matthews seems to merit 
distinction by the inexpensiveness ol his 
apparatus, and by (he ease with which it 
can be fitted up and attuned. 

The aerophone, as this telephone is called, 
was put to a severe test in the autumn of 
1 0 1 1 , when for the hist time it transmitted 
a message to a mail flying in an aeroplane. 
The man in the machine clipped a receiver 
about his head, and while flying at some 
sixty miles an hour caught his aerophone 
message above the mar of (Ik* engine and 
tin 1 whirr of the propeller. 

Mr. Matthews, who is known as the in- 
ventor of an elect 1 ically controlled toipcdo, 
is confident that the aerophone, which is 
light and portable, and requires no “ earth ” 
or “ antemue,” can be readily adapted for 
use on motor-ears and other light vehicles, 
in which case it should have value in time 
of war. But every motorist knows that 
such an instrument would be of great scr 
vice in the foggy days of peace. The man 
who lias driven a car in a mist and has 
heard, but been unable to see, another car 
approaching realises how welcome would be 
tlie service of an aerophone, or similar instru- 
ment, by which lie could call a warning to 
the unsighted man who may be blundering 
straight for him. 

It was the late Professor Ayrton who, 
when (i.P.O. and other officials were saying 
that there never could be anything in wire- 
less telegraphy, heartened the school of 
workers and thinkers of which Mr. Matthews 
is a conspicuous figure. “ The day will 
come/' said Ayrton, “ when copper wires, 
guttapercha covers, and iron bands are only 
to be found in museums : when a person who 
wishes to speak to a friend, but does not 
know where he is, will call with ail electrical 


voice, which will be heard only by him who 
has a similarly tuned electrical car. He will 
cry : ‘ Where are you ? * And the answer 
will sound in his ear : * I am in the depth 
of a mine, on the summit of the Andes, or 
on the broad ocean.* Or perhaps no voice 
will reply, and he will know that his friend 
is dead.** Mr. Matthew's is a pioneer of the 
science of which the lamented, far-seeing 
professor was a prophet. 

HENRY MAUDSLAY 

The Admirable Crichton of the Workshop 

Henry Maudslny, a prolific inventor of 
machinery and one of the most famous ol 
Knglisfi mechanics, was born at WooUvich 
on August 22 , 1771, tin' son of a mechanic 
who had been wounded and invalided out 
of the army. With no advantages of educa- 
tion bevmid that of tlu* workshop and the 
smithy, Maudslay became one of the 
greatest figures in the world of invention. 
He might have paraphrased I nil staff to say, 

I am not only an inventor myself, but the 
cause that invention is in other men.” 

He began bis career at twelve in the 
Woolwich Arsenal, first as a. powder 
monkey, then as carpenters boy, next as 
an assistant in the sue thy. The working of 
metals was to Maudslay a science to be 
loved. Hammer, iron, and anvil were to 
him tools as precious as palette, brush, and 
colours to the artist. There was no man in 
the works who could forge w T ith such 
accuracy and finish as young Maudslav. 
The men recognised it, and the foreman', 
wiio knew tint the lad was given to making 
things not within the official schedule, 
would, on approaching the smithy, be con- 
veniently seized with a tit of coughing or 
sneezing in order that the hammering artist 
might hide the evidence of his occupation. 

When Maudslay was eighteen, Joseph 
Bramah was rising to fame as mechanic and 
inventor, but was seriously handicapped by 
the lack of good tools and by the absence ol 
skilful workmen, and, hearing of the doing" 
of the lad at the Arsenal, he sent for him 
and put him to work. He had as good 
reason to be proud of his “ find ” as was 
1 )avy of his discovery of Faraday. Maudslav 
became his head man and right hand. ; 
invented the indispensable self-tightening 
collar for the famous hydraulic pn>s. 
carried out the most complicated and deli- 
cate. work for the admirable Bramah locky 
and devised for him the first form of hi* 
(Mandalay's) invaluable slide-rest for the 
lath*. Bramah was a wonderful mechanic 
but he did not appreciate his manager. 


4924 



GROUP 4—' TRANSFORMERS OF KNOWLRDGK INTO POWFR 


Maudslay, like many other good fellows, 
really loved his work ; he was as call hnsiastie 
. 1 -, he was talented, hut Bramah never paid 
him more than thirty shillings a week, whic h 
was a beggarly pittance for one* who was 
probably the most gifted workman in the* 
.town. Maudslay was impelled by the needs 
mi his little; family to ask for an inc rease* of 
-alary. Bramah demurred, and, fortunate 
day for English industry, Maudslay left, 
look a little shop of his own, and pul up a 
modest sign. 1 1 is fame as a workman soon 
brought him trade, and his early struggles 
were of such a c haracter that he was always 


bec'n in use from time* immemorial, but al 
its operations had to he direc ted bv hand 
'I'll.* slide-re^t for tin* liiM time* mideivc 
handwork unumssirv , and an uiMry a sine 
qua non. lor the* first time* in the* histon 
ol Knglish merhanie's it was now possible 
to elo turning work wit h spe*e*d and prec ision 
and to produce* any number of aitirle: 
e xac tly' alike* in size and shape*. 

In our pivsent age of maehincTv it i* 
elilhcull to grasp tlu* significance* of llu 
enormous advanee* which tliis simple* device 

by Maudslay represented. Let Xasmyth 
who was one* of the* Admirable* Crichton’: 



MU. (IRTNOri.I. MA’I 1 IILW’S IAI.K1N* 

■ible to look back upon them with genuine* 
pleasure and pride. He began his career 
:ts a master in what, was little* bdteT than a 
toolless world. Machine-tools wen* practi- 
cally unknown ; every sort of work had to 
•>c done by hand, and baelly done* at that. 

1 he advance in English mechanic's dates 
d<>in Maudslay ’s day. He.; had no tools, lie* 
I'ael no dependable men. He cre*ate*d the 
ki st and trained the. second. 

His first great invention was the slide* - 
•cst, the parent form of practically all the 
wonderful machine-tools that succeeded it 
during the next half-century. The lathe had 
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many illustrious pupils, devlare* in his ow 
terms the* meaning of the reve‘lut ion. *' 1 
is not, indeed, saving at all t no. much,” h 
writes, “ lei state* that its mlluciu c in ini 
proving and e-xte-ndma Hie* list ol machiner 
lias been as gre*a1 as that produced by 111 
improvement of the steam -engine in respee 
of perfe'cting manufactures and e xt endiii 
eommeTee*, inasmuch as without the* aid < 
the* vast ae c ession to our power of produciu 
perfect mechanism whic h it at once* su| 
plied, we* could neve r have* worked < >ut int 
practic al and profitable forms the* court | 
tions ejf those master-minds whic h, chirm 
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the last half-century, have so successfully 
pioneered the way for mankind. 

“The steam-engine itself, which supplies 
? us with such unbounded power, owes its 
} present perfection to this most admirable 
■i means of giving to metallic objects their 
; precise and perfect geometric forms. How 
: could we, for instance, have good steam- 
engines if we had not the means of boring 
'i out a true cylinder, or turning a true piston- 
rod, or planing a valve-face ? It is this 
alone which has furnished us with the 
means of carrying into practice the accu- 
. mulated results of scientific investigation- on 
| mechanical subjects.” 

Among the first results of the invention 
; was the execution by Maudslay of the 
’ elaborate block-making plant of machinery 
which Brunei had been commissioned to 
design for the Navy. The machines for the 
work formed a series numbering forty-four, 
and every tool, screw, spring, and lever in 
them was turned out of Maudslay’s shop. 
After half a century’s work the machines 
were running as well as the day they were 
made. The work set the seal on Maudslay’s 
fame as an engineer. Many inventions now 
flowed from his fertile brain. He produced 
the first machine for screw-cutting. Prior 
to this every screw had had to be made by 
hand. Each screw would fit only one nut, 
and that badly. He was constantly im- 
proving old tools and inventing new ones. 
His own inventions enabled other men to 
become inventors, for lie placed at their dis- 
posal implements without which their 
designs could never have been carried into 
effect. Great thoroughness, care, and finish 
characterised all his work, so that men 
could identify his products anywhere. 
“ That’s a Maudslay,” they would say, 
picking up some tool of exquisite finish. 
He invented a machine which measured to 
the ten-thousandth of an inch, and the 
Whitworth “ millionth measuring machine ” 
was but a development ol the same machine 
by his pupil. 

He patented a method of regulating the 
supply of water for marine engines, so that 
the sea-water should not deposit its brine 
in the boilers, and so improved the marine 
engine itself that his firm supplied the 
Navy in this matter for many years. He 
devised machinery for flour-mills, for the 
Mint ; machines for slotting and riveting 
metal plates. He had the grand faculty, in 
building a new machine, of realising what 
to do without ; and his engines and other 
productions were always distinguished by 
what Nasmyth termed the “ get- at- ability 
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of parts,” an art which builders of engines 
for motor-cars are now only just re- 
learning. In his biography of Maudslay, 
Samuel Smiles, to whom this article is 
indebted for data, tells us that the inventor s 
workmen regarded him not only witn 
respect and admiration, but with great 
affection; and one old servant of the firm, 
talking of his master’s supreme skill with 
all manner of tools, exclaimed : “ Ah, but 
he was splendid with an eighteen-inch file ! ” 

Maudslay was a man of huge frame and 
huge mind, who in every work that he under- 
took could teach his smartest men ; and thev 
knew it. Much of his time was taken up 
in designing, but he was always aglow with 
honest enthusiasm when he could go into 
his workshop, take up his hammer, and beat 
out the model for some new contrivance 
which was to be made. He would sit in his 
little workshop with the door of his library 
open, so that as he worked he might listen 
to the strains of musical-boxes set going to 
keep him merry. And in that small work- 
shop he would hold a miniature Court. 
Brunei would drop in to talk over tin* 
shield that Maudslay was to make him for 
the Thames Tunnel ; Chant rey would sit 
down and discuss with him plans for tin- 
casting of his immortal statuary ; and 
Donkin would be there to work out with 
him the scheme for correctly dividing the 
standard yard measure. Maudslay would 
work and talk, telling tales of his early 
efforts, thinking aloud of the work that lie 
was still to do. And in his workshops there 
were growing up young genuises of his own 
finding or selection who, under his fostering 
care, were to give British engineering that 
pre-eminence which it has ever since en- 
joyed. Half the mechanical inventions 
of the nineteenth century were cradled, 
directly or indirectly, in those workshops in 
Westminster Bridge Road, Lambeth ; for. 
as Nasmyth has said, “ To the tools of 
which Maudslay furnished the prototype 
we arc mainly indebted for the perfection 
of our textile machinery, our locomotives, 
our marine engines, and the various im- 
plements of art, agriculture, and of war." 

Maudslay’s workshops were to British 
industry what the studios of the Old Masters 
were to Art in its renaissance; and from 
them emerged men such as Whitworth, 
James Nasmyth, Richard Roberts, Joseph 
Clements, Samuel Seaward, and William 
Muir. Maudslay died at Lambeth on 
February 14, 1831, and could have desired 
no finer epitaph than a passage which 
occurs in Ncsmyth’s writings describing his 
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methods. Referring to the benefits conferred 
upon mankind by the inventions of “ that 
admirable individual whose useful life was 
devoted to the grand means of improving 
,,<ir means of producing perfect workman- 
ship and machinery,” Nasmyth says : “ Tlie 
indefatigable care which he took in in- 
culcating and diffusing among his work- 
men, and mechanical men generally, sound 
ideas of practical knowledge and refined 
views of construction have rendered, and 
ever will continue to render, his name 
identified with all that is noble in the am- 
hit ion of a lover of mechanical perfection.” 
The world still has need of its Maudslays. 

SIR HIRAM STEVENS MAXIM 
The Man of Terror and Surprise 

Sir Hiram Stevens Maxim, inventor of 
guns and explosives, was borne at Sanger- 
ville, Maine, on February 5, 1840. Ap- 
prenticed at sixteen to a carriage-maker at 
Abbott, lie devoted his summers to work 
aiul his winters to school, until he was 
twenty years of age. During this time he 
made a tricycle, the wheels of which had the 
hub hold in suspension by spokes in tension, 
the first of the kind, he says, ever seen 
in America. During the Civil War he was 
employed in the engineering works of his 
uncle, and afterwards at Boston, in the 
service of a maker of automatic gas-engines, 
tor whom lie devised several important im- 
provements both in engines and in methods 
«>! carhuretting air and oil-gas. Contrary 
to common report, he did not take part in 
t be war; hence his automatic gun was not 

product of battlefield experiences. 

He took up the study of electricity with 
ardour, and, in autobiographic details sup- 
plied for the purpose of the present article, 
states that he was “ the true inventor of the 
system of flashing which made incandescent 
lighting possible ; that is, he discovered a 
process of building up and standardising 
filaments of electric light by heating them 
electrically in a highly attenuated at mo- 
sphere of hydro-carbon gases. He made the 
lii >4 regulator for keeping the pressure 
constant in an electric -lighting system, 
c iuitc independently of the number of* lights 
0,1 the circuit. This apparatus was 
exhibited in Paris in 1881, when he was 
made a Chevalier of the Legion of Honour.” 

Reaching London in 1883, he established 
nnnsclf in a small workshop in Hatton 
barrlcn, and there quietly worked out his 
scheme for an automatic gun. The mecha- 
ni ->m of the gun is highly complex and 
ln genious, and a very remarkable produc- 


tion for a man who had had no previou: 
experience ■ of gun-making. The firs 
cartridge is placed by hand in the brccch 
and after that the gun loads and fires itself 
is, in fact, entirely self-acting. It did 1101 
emerge perfect at the first essay. The 
original Maxim gun was operated* by tin 
backward movement of the cartridge ii 
the barrel at the instant of tiring, i 
system which is largely employed ii 
modern automatic pistols. This system, ii 
was found, was not effective with the long 
bottle-necked military cartridges. Tin 
inventor therefore designed a gun w’liicl 
worked by the recoil of the barrel am 
breech-block. When fired, the gun wa* 



allowed to recoil one inch, and the energy 
thus developed performed all the functions 
of bringing the cartridges into position, 
transmitting them from their belt into the 
barrel, firing them, extracting the exhaust 
gases, and bringing the new cartridges into 
position. The invention aroused very great 
interest, and it was not until the*, first 
perfect gun had fired some 200,000 round* 
that its reputation was established, for 
this innocent-looking machine fired from 
600 to 700 shots per minute with deadly 
accuracy, and kept itself cool by means ol 
a water-jacket by which the barrel wa« 
enclosed, while the gunner had nothing tc 
do but aim. After the Maxim gun had 
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seen considerable service, Sir Hiram, not 
yet a knight, was in the company of the 
future Edward VII., about whom a host 
of notable men were clustered. “ Sir/’ said 
the late Lord Salisbury, addressing the 
then Prince of Wales, “ I have just been 
telling Mr. Maxim that he has prevented 
more men from dying of old age than any 
other person that ever lived.” 

Following his automatic gun, Sir Hiram 
turned his attention to heavier ordnance, 
and invented a gun which throws an 
aerial torpedo. It was thought at the time 
that the ordinary water-traversing torpedo 
would not travel accurately in a rough sea- 
way, and his gun was designed for use 
when adverse sea conditions were to be 
apprehended. Every sliip-of-war now has 
its water-tubes for torpedoes, but upon its 
deck is the gun which discharges a torpedo 
through the air. Many names are better 
known to the public in connection with 
the invention of explosives than that of 
Sir Hiram Maxim, but he has had a most 
important share in this field during the 
last •twenty or thirty years. When he 
began his experiments the explosives used 
for ordnance were not invariably depend- 
able ; powders were apt to develop un- 
expectedly high pressures, and shatter guns. 
A slow-burning German powder, the inven- 
tion of which was a secret, puzzled the 
experts, for upon chemical analysis it was 
found not to contain any new element. 
Sir Hiram, on taking up the problem, 
brought his microscope to bear, and found 
that the grains of nitre in the new powder, 
though small, were hundreds of times larger 
than the grains of nitre which had been 
employed in the English powder. Chemical 
analysis had led to the making of powder 
which produced high pressures and low 
velocities. Sir Hiram Maxim produced the 
desired combination, which gave low 
pressures and high velocities. 

He followed this up, he tells us, by making, 
in the course of a single day, one hundred 
different kinds of powder, all of different 
degrees of slow burning. “ The sulphur and 
charcoal were put into the mill and 
thoroughly ground and incorporated ; the 
nitre was then added, and specimens were 
taken out as the process advanced. The 
first of these proved very slow ; the last 
extremely violent.’ * Subsequent research 
led to the invention of the first smokeless 
powder ever produced. The history of 
latter-day explosives is long and compli- 
cated, and embraces one or two important 
cases in the Courts, but " Engineering,” an 
4928 


impartial and high authority, holds that, 
but for a legal quibble. Sir Hiram would 
have established his claim to be the origi- 
nator of cordite. The patent for h\$ 
explosive was taken out fourteen days 
earlier than that granted to Sir Frederick 
Abel and Professor Dewar ; and it was only 
the turn of a single phrase in one sentence 
of his specification which enabled the Court 
to decide that the two compositions differed. 
The same journal declares that Sir Hiram 
Maxim was undoubtedly, on the evidence of 
the official records, the originator of the 
smokeless powder now in general use 
throughout the world. 

Sir Hiram's next invention was a quick- 
firing gun of heavier calibre than his other 
destructive engine. The best then in 
existence required the attention of four men, 
and fired twenty-five rounds per minute. 
The Maxim quick-firer discharged forty 
rounds in fifty seconds, needed but one mail, 
and, unlike some of its predecessors, caused 
no shock to the man behind the sigliK 
The principle introduced was novel. In the 
inventor’s words : “ The novelty consists 
in placing the trunnions on a stationary 
sleeve, and allowing the gun to recoil inside 
the sleeve, with a hydraulic buffer interposed 
between the buffer and the sleeve. All the 
apparatus for training the gun is attached 
to the sleeve instead of to the barrels of the 
gun, thus completely eliminating the shock.” 
The mounting of this gun, he adds, lias 
since been adapted to practically every 
form of gun throughout the world. 

At the age of seventy-one Sir Hiram 
Maxim retired from the company with which 
he had for twenty-seven years been asso- 
ciated, and announced his intention of re- 
turning to an old scientific love, aviation. 
He was the first man in England to build an 
aeroplane, but that was in 1889. Seeing how 
far the science lias advanced it is interesting 
to note his description of his first machine, 
made in the year named. The machine that 
he developed and made was practically 
the same as the best machines of today, 
except that it was much larger, and was 
driven by a steam-engine instead of by a 
petrol-engine. It had the fore and aft 
horizontal rudders, as have the Fannan 
machines of today, and the screw pro- 
pellers rotating in opposite directions, as h 
the case in the Wright machines. I | lb 
machine was 105 feet wide from tip to tip. 
and, with 600 pounds of water and thr^ 
men on board, it weighed 8000 po UI V l j s ; 
The engine-power was 360 horse-power . 1* H 
screws were of wood, 17 feet 11 inches 111 
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diameter, and collectively gave a screw- 
tluust of 2200 pounds, which propelled 
tlu* machine along a railway track at the 
rale of forty miles an hour, and gave a 
lifting effect of over 10,000 pounds. The 
machine was, however, too large to be 
easily managed, and there was no rco 11 
available in the neighbourhood. But it was 
tiu: first machine in the world that suc- 
ceeded in lifting itself from the ground with 
a man on board. Some day, when the early 
history of aeroplanes comes to be written, 
that little outline will be valuable. 

OTTMAR MERGENTHALER 

The Inventor of the Linotype 

Ottmar Mergenthaler, the inventor of the 
linotype composing-machine, was born on 
November 10, 1854, in Durrmenz-Muh- 
laoker, Wiirtemberg, Germany. His early 
training as a watch and clock maker ad- 
mirably fitted him for the laborious and 
complicated work of inventing a machine 
for casting type and setting it up in one 
operation. Mergenthaler went to Baltimore 
in 1872, when but a lad, entered a machine- 
shop there, and by sheer ability worked his 
way up into a partnership. 

He was thirty-two when he designed and 
built his first machine, in which the double 
operation of setting type and casting it in 
long leaden lines was performed simply by 
touching the keys of a board similar to the 
keyboard of a typewriter. Many men before 
him had attempted to construct a mechanical 
type-setter. Dr. William Church, of Bir- 
mingham, had patented, in 1822, a machine 
designed to cast types. The types were 
placed in reservoirs from which they were 
set free by pressing keys. After use the type 
was remelted, and so the problem of redis- 
tribution was overcome, but it was too 
expensive a way of solving the problem ; 
ami practically all similar inventions before 
that of Mergenthaler were hampered by the 
difficulty of distributing the type after it 
bad been set. 

Uncommonly ingenious was the device by 
which Mergenthaler eluded the difficulty of 
distributing the used type. He gained his 
end by using no type, and so having none 
to distribute. His machine is practically a 
type-caster. It consists of a vessel full of 
molten lead, from which types are cast as 
needed. Fonts of types are dispensed with 
altogether. This was the original thing about 
Mergenthaler’ s invention — the doing away 
"’ith a magazine or font of movable metal 
types. He used instead the matrices or 
moulds from which types are cast. 


The matrices are contained in a series of 
tubes above the keyboard. 

A depression of a key causes the matrix 
to drop from the tube into an inclined 
channel, and. on to a travelling belt to an 
assembler, where it takes its place in a line. 
When the line of matrices has been set up 
by striking the necessary keys, the line is 
properly spaced out, and carried in front of 
a slot of a wheel, connected with which is a 
pot of molten metal, kept hot by a gas- 
burner. Half a turn on this wheel forces out 
a charge of molten metal, and presses it into 
the incised letters on the matrices. The line 
is thus cast in a solid block, or line of type, 
from which comes the name “ linotype.” 

An arm now comes down with a swoop 
from the top of the machine, and grips the 
matrices, and places them on a distributing- 
bar. This is most wonderful part of the 
mechanism ; it is a kind of automatic intel- 
ligence. The matrices are forced along the 
bar by a worm-wheel, hanging, on to it by a 
series of teeth. At intervals 011 the bar the 
teeth of the various matrices fail to grip, 
because of the way in which they are cut, 
and -because the teeth of the bar alter in 
shape at various points. As each matrix 
loses its grip it drops into its own proper 
groove, and runs into its special magazine, 
ready for use again. No matrix can drop off 
the bar until it reaches its own box, nor can 
it be carried beyond the right place for it. 

While the matrices are being distributed, 
the line of type is being dealt with. After 
the mould-wheel lias ejected the metal, it 
returns to its position, and forces the cast 
line into a receiving galley. Here a little 
automatic arm holds all the lines in position 
until the 44 take ” is full. The operator then 
lifts it out, and sends it away for proof, and 
starts at once on his next ” take.” The 
whole action of the machine is continuous. 
While the operator is setting one line of type 
on his keyboard, another is being cast, and 
the matrices are being redistributed as fast 
as he can use them. 

At the side of the keyboard is a little 
lever, by which the operator introduces 
space-bands to divide the words and fill out 
the lines. The bands are of tapering thick- 
ness, and by means of them the spaces are 
made as close or as wide as needed. This 
automatic filling out of the blank spaces 
of a line is called 44 justifying,” and for a 
long time it was thought that no machine 
could possibly do it. Mergent haler’s inven- 
tion has made a single m:.n a machinist, 
type-setter, justifier, type-founder, and 
type-distributor. All he has to do is to 
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finger his keyboard, aft in typewriting, keep 
his melting-pot supplied with metal, and 
watch that the right matrices fall into line. 

Mergcnthaler’s invention is the greatest 
revolution in printing that has. occurred for 
four hundred years. In its modern form, 
the machine is a great improvement upon 
the original design. Probably more than 
1500 separate patents have been taken out 
in connection with it. It is the result of a 
long succession of experiments and devices 
that were found to be necessary after 
Mergenthaler’s original machine came into 
practical operation. The master-patent of 
Mergent haler consisted in the use of a series 
of dies adapted for redistribution, together 
with a mould and a casting mechanism. 
His first, machine was used in 1886 in the 
composing-room of the “ New York 
Tribune,” and some years passed before its 
original defects were remedied. When 
Mergenthaler died, on October 28, 1899, the 
linotype was a sound and powerful machine 
that was coining into general use. 

SAMUEL MORSE 

■ The American Inventor of the Telegraph 

Samuel Finley Breese Morse was born at 
Charlestown, Massachusetts, on April 27, 
1791, the eldest son of a minister, lie 
graduated at Yale College in 18 ro, and 
there began at once to take an intelligent 
interest in electrical phenomena. He turned 
first to art, however, and, as Fulton had 
done nearly a quarter of a century earlier, 
came to London to study painting under 
his countryman Benjamin West, who, 
though over seventy years of age, was still 
vigorously pursuing his calling. Morse was 
successful, at the end of 1813, in gaining 
the gold medal of the A del phi Society of 
Arts for his " Dying Hercules,” and en- 
joyed considerable popularity as a painter. 

Returning to America, lie founded the 
National Academy of Design, was its presi- 
dent for many years, and held the post of 
professor of arts in the university of the 
city of New York. Not until he had paid 
a second visit to Europe did Morse, who 
had never relinquished his interest in elec- 
tricity, • seriously begin to apply himself to 
its problems. It was on the voyage home 
from Havre to New York that he first 
expressed his belief in the practicability 
of an electric telegraph. He certainly 
understood the nature and properties of an 
electro-magnet, and explained, in the liear- 
in gof captain and passengers, the system 
he intended to try. Among the passen- 
gers on board that liner was a hazy per- 
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sonage who is declared to have had in UL 
possession on board an electro-magnet. It 
is alleged to have been in his trunk, in- 
accessible in the hold. It is clear that M< 
did not sc*? it. Equally clear is it tlui 
Morse's sketches were made without know 
ledge of the hidden mechanism. Yet t]\, 
validity of Morse's patent was afterwards 
challenged by this man of mystery, on t ln- 
ground that he had explained his magmt 
to Morse 1 Upon reaching home Morse set 
to work in earnest upon his plans for a 
telegraph. He had a desperate struggle, 
and it brought him to abject poveity. 
Everything had to be made with his own 
hands -models, moulds, castings. He de- 
nied himself food and raiment in drder t ( 
prosecute his experiments. For four y< ;u> 
he could do nothing right. “ I am crushed 
for want of means,” he wrote. " My stock- 
ings all want to see my mother, and m\ 
hat is hoary with age.” Five years Iron 
the beginning of his practical experiment 
he managed to complete his first little 
plant, and the New World, though it would 
not credit it, had got the electric telegraph. 

He exhibited the marvel in the building 
of the New York University, in which h 
was still professor, and sent his sign ah 
through a circuit of six hundred yards oi 
copper wire. He secured the qualified sup- 
port of a New Jersey firm. Then he sought 
the patronage and protection of Congress 
with a view to an official trial of his sclieim 
over a distance sufficient to test its efficacy. 
A committee reported favourably, hut 
Congress was too busy with stage-coadie* 
and semaphores to trouble with this new 
f angled nonsense. 

Meanwhile the inventor was in ven 
serious need. He recognised, however, that 
he possessed the key to a revolution, 
came to England to seek to patent lii- 
idea. But at about the time that Mnr-t 
was exhibiting his telegraph to Congress d 
Washington, Wheatstone and Cooke wen 
patenting in London their plan for ” im- 
provements in giving signals and soundmj. 
alarums in distant places by means <> J 
electric currents transmitted through me- 
tallic circuits ” - and Morse did not succeed 
Thus the twin marvels, telegraph and tele- 
phone, were both invented under cone 
sponding conditions in respect of practical!) 
simultaneous origin in two quarters. 

Morse was not more successful on tlu 
Continent, for, while France granted hm 
a patent with one hand, she nullified it witl 
the other. One important result did accrue 
however. He and the friend accompanying 
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l^pj carried as their dearest treasure the 
(J j, -tro-inagnet on which all depended. It 
xVt< „ a huge piece of mechanism, weighing 
,,n, hundred. and sixty pounds. As it was 
^ u ncd about with extreme care, the two 
nl , u were viewed with alarm and suspicion, 
in the belief that they were in possession 
,,t in infernal machine which might shatter 
a i it v or a sovereign. Happening one clay 
to outer a public institution in Paris, they 
Htiu a ('oil of wire of the same form as their 
, nN n ponderous apparatus. It weighed less 
than a hundredth part as much, yet per- 
h .lined the operation for which theirs was 
intended. Simultaneously with Morse’s in- 
m in ion, an ingenious Frenchman had carried 


at midnight in the very last moments of 
the session, the sum of £6000 was appro- 
priated for an experimental telegraph be- 
tween Washington and Baltimore. That 
was in 1843. Morse’s lirst official message 
was sent on May 24, 1844, and his tribula- 
tions were at an end. What Wheatstone 
and Cooke did for Great Britain, Morse did 
for the New World and for a great part ol 
Europe. Moreover, he gave us our tele- 
graphic alphabet. The Morse code of dob 
and dashes is in universal use for telegraphy, 
for wireless, for the heliograph, for flap 
signals, for flashes by searchlights and 
other illuminants at sea. Experts can even 
“ wink ” a communication in Morse. 
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nt the same idea, but with more success 
1 tin- details. “Here is the essence of 
nl n magnet, presented in suitable propor- 
remarked his friend to Morse. 
i>"u examining the coil, they found it to 
u* "i^t of a vast number of convolutions 
' very fine copper wire wound with silk, 
1,1 wire being not one-sixteenth of an inch, 
* .in Morse’s, but one-hundredth, thus 
ly ing t he magnet intense power with small 
11 pass. The modification was at once 
and the electro-magnet in this 
>r,J1 became the one employed for all the 
fytric telegraphs in the world. 

invention continued to be pressed 
[ )(, n the notice of Congress, and at last, 


It is a striking fact that Morse was near 
a greater revolution than lie knew. By 
accident he was led into a display of wire- 
less telegraphy thirty-three years before 
Marconi was born! An unwary captain 
let go his anchor and dragged up the little 
electric cable in the water through which 
Morse had arranged to telegraph, for the 
purpose of a popular exhibition, from 
Governor’s Island, New York, to Castle 
Garden, a mile away. Upon this Morse 
arranged his wires along the two banks of 
a stream, and resolved to try if the inter- 
vening water would act as a conductor. 
He carried out his experiment across a 
canal at Washington, in December, 1842, 
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and was perfectly successful, as he reported 
in a formal letter to the Secretary of the 
Treasury. Without intervening wire, mes- 
sages travelled across the water from the 
transmitting instrument on one side of the 
canal to the receiver on the other. Similar 
results were obtained from trials across the 
Susquehanna River, a distance of nearly a 
mile. Morse’s minute to the American 
Treasury makes interesting reading to- 
day : “ Experience alone can determine 

whether lofty spars, on which wires may 
be suspended, erected in the rivers, may 
not be deemed the most practical.” How 
near and yet how far “ wireless ” then was ! 

Morse sowed in tears, but lie reaped in 
joy. He was in the end splendidly re- 
warded for his invention. He lived to see 
his system at work in the United States, 
in Franco, Germany, Denmark, Sweden, 
Russia, and Australia. At the instance of 
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Napoleon III., in 1858, representatives of 
Austria, Belgium, France, Holland, Italy, 
Russia, and Turkey presented him with an 
international gift of £*80,000, a handsome 
solatium for the ill-treatment he had re- 
ceived at their hands in the day of his 
need. Morse died, loaded with honours, 
in New York, on April 2 , 1872, and is 
commemorated by a bronze statue in the 
New York Ccntial Park, unveiled the year 
before his death. 

WILLIAM MURDOCK 
The Man who Gave us Coal-Gas 

William Murdock was born at Bellow 
Mill, near Old Cumnock, Ayrshire, oil 
August 21, 1754* the son of a cannie Scot, 
who combined a little farming and milling 
with the calling of millwright. Murdock 
helped his lather in all three o cupations, 
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and while out tending the cows made hii n . 
self a little hillside cavern, and scraped hi N 
way down to a surface stratum of o, a j 
which he burned in a small stove of his own 
construction. He showed himself a cap.dik- 
mason ; built a bridge over the River Xith, 
near Dumfries ; and is said to have fashioned 
himself a wooden horse driven by stc-am, 
upon which he rode two miles to Cumnock. 

When he. was two-and- twenty, Murdock 
followed his countryman Watts to tho 
Soho Works at Birmingham. Watts wa> 
down in Cornwall, and Boulton, who had 
heard shocking accounts from his part ner 
of Scots workmen, was reluctant to engage 
him. While he was talking to the great man, 
Murdock, nervously twiddling his lingers, 
let his hat fall with a bang to the ground. 
Hearing the noise, Boulton remarked: 
“ That seems a curious sort of hat. What j> 
it. made of ? ” “ Timmer, sir.” “ Timber ! 
Do you mean to say it is made of wood ? ” 
” Yes, sir. I made it myseP, sir, in a hit 
lathey o’ my own contrivin’.” It occurred 
to Boulton that a man who could make a 
lathe and turn a hat upon it might, after all, 
be worth retaining, and he engaged him at 
fifteen shillings a week when at home, with 
two shillings and three shillings extra tot 
work in the country and London respec- 
tively, and for that sum got the services «>i 
one of the finest mechanical geniuses that 
Scotland ever produced. 

Within a couple of years Murdock had 
proved himself so talented and trust- 
worthy that the linn sent him down t< ! 
Cornwall to take charge of the engines 
which they were building there. He was 
still getting a pound a week when the mine" 
of the county, where steam was employed, 
practically depended upon him. Murdock 
gave the finishing-touches to steam-engines 
which the line brain of Watt could not 
devise, and he made himself a king among 
the Cornishmen. The masters he won by hi" 
skill, industry, and unvarying good nature. 
Those workmen who were not placated by 
his lovable qualities, but sought to belly 
and harass him, he quelled by the strength 
of his good right arm. He toiled early end 
late, and at night they would hear him 
start up in his little bedroom, heave away 
at the bedpost, and cry, in his dream : 
“ Now she goes, lads ! Now she goes ! 
In his sleep he was working out steam- 
engine problems. 

It was in 1784 that Murdock, while in 
Cornwall, produced his famous model 
steam locomotive. With that boyish glee 
which always distinguished and sustained 
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him. he would have his friends in at night 
( uul show them the little monster at work, 
drawing a truck loaded with the shovel and 
liro-irons round and round the room. One 
t l,uk night, with the stealthy joy of a boy 
jiveping to play during lesson hours, he 
took his engine out on to the road, lit the 
lump by which steam was generated, and 
,ot her going. Off went the little engine, 
mil steam ahead, with the horrified inventor 
panting in pursuit. The engine quickly out- 
distanced him, and from afar he heard cries 
; 1 1 a person in the wildest distress. He raced 
mi, and presently found that the sounds 
proceeded from the clergyman of the parish, 
who, going his lonely rounds in the dark, 
and suddenly finding a fiery monster charg- 
ing full at him, had taken it to be t he 
writable devil in person. Murdock pro- 
duced an infinity of inventions in Cornwall, 
and later, among them, the system of pneu- 
matic bells with which his admirer Scott 
lilted up his new home at Abbotsford. 

Murdock's whole life-story is a pleasing 
romance of inspired industry, lree from 
tlu* miseries and annoyances which soured 
and spoilt the careers of so many men like 
himself. Boulton and Watt carefully pre- 
vented him from advancing the steam 
locomotive, but we need not agree that it 
was done out of jealousy, as is often slig- 
hted. The fact is, the firm had so much 
need of “ William’s ” genius in getting the 
stationary engine perfect that the partners 
honestly thought it better lie should leave 
to others the “ hunting of vain shadows,” 
as they called it, and apply himself to the 
matter in hand. Murdock’s work on the 
steam-engine is buried in the history of the 
invention, but his application of coal-gas 
to the purpose of lighting is happily less 
obscured. He had learned from his little 
hillside lire that the vapour given off by 
1 ui rning coal is combustible ; and while at 
Redruth he filled a kettle with coal, fitted 
a tube and thimble to the spout, and lighted 
the gas which issued when the kettle was 
Mibmitted to the heat of a fire. That was the 
beginning of coal-gas lighting. Upon dis- 
puted evidence it is stated that Murdock 
built a little retort in the yard outside his 
sitting-room, led the gas into the house by a 
pipe which entered by the window, and, 
"ith a system of pipes running throughout 
dm office and his house, for ever banished 
kindles and lamps. Moreover, he made 
bttle hand-retorts, so that he could carry 
a gas-lamp about to light him at his 
'vork and on his walks across the moors. 
" hen, in 1798, Murdock returned to 


Soho, the mineowncrs of Cornwall offered 
him £1000 a year to remain with them. 
It was at the Soho Works that: Murdock first 
publicly exhibited his new illuminant, and 
at the celebration of the Peace of Amiens, 
in 1802, he lighted part of the exterior of the 
works. In the following year a portion of the 
Soho Works was lighted by gas, and within 
the next two years he had begun his first 
outside installation, for Augustus Lee, of 
Phillips & Lee, Manchester cotton manu- 
facturers, who was the first man, other than 
the inventor, to have gas installed in his 
private dwelling. What Manchester thinks 
today, England docs tomorrow. Gas- 
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lighting gradually became an established 
success from that time forth. Murdock, 
industrious, fertile of invention, sunny- 
souled and generous, remained actively at 
work to the end of his days, and died at his 
house, within sight of the beloved Soho 
Works, on November 15, 1839. 

JAMES NASMYTH 
The Maker of the Great Hammer 

James Nasmyth, the inventor of the steam- 
hammer which rightly bears his name, was 
born at Edinburgh on August 19, 1808. 
His father was Alexander Nasmyth, “the 
father of the Scottisli school of painting,’ 
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as he is called. The boy was educated 
by rather free-and-easy methods, as pre- 
cisians would think, but the scheme worked 
admirably in his case, for it embraced un- 
restricted access to a little foundry and a 
chemical laboratory, while his father taught 
him drawing, for which he had a natural 
aptitude. But James Nasmyth, while a 
man of refined disposition, loved art not 
for art's sake so much as a means to me- 
chanical ends. The man was born a me- 
chanician, and it was when he sat down to 
his sketchbook that he evolved his most 
important inventions. Nasmyth thought in 
figured outlines. His father taught him, he 
tell us, to sketch with exactness every 
object, whether natural or artificial, so as 
to enable the hand accurately to reproduce 
what the eye had seen. Herbert Spencer 
suggests that, in order to cultivate presence 
of mind in children, we should encourage 
them rapidly to comprehend the nature 
and number of things momentarily seen. 
Alexander Nasmyth taught his boy to draw 
them. The point deserves some little con- 
sideration, for, if we are to accept Nasmyth’s 
process of reasoning, the plan yielded him 
in after-life the shortest route to one of the 
most mighty inventions in the history of 
mechanics. 

“It is one of the most delightful results 
of the possession of the constructive 
faculty,” lie says, “ that one can build up 
in the mind mechanical structures and set 
them to work in imagination, and observe 
beforehand the various details performing 
their respective functions, as if they were 
in absolute form and action. Unless this 
happy function exists in the brain of the 
mechanical engineer, he will have a hard 
and disappointing life before him. It is the 
early cultivation of the imagination which 
gives the right flexibility to the thinking 
faculty.” Nasmyth’s own highly developed 
faculty for draughtsmanship was balanced 
by great expertness in the handling of 
tools. He was only seventeen when he 
invented his first steam-engine, a cheer- 
ful. fizzing little machine which ground his 
father’s colours. Other engines served as 
models to illustrate the lectures he attended 
at the local mechanics* institution. There 
were not wanting men to appreciate his 
talent, and by these he was encouraged to 
widen the boundaries of his knowledge in 
nore than the merely mechanical side of his 
calling. But it was his native talent that 
enabled him, as a boy of nineteen, to build 
the first steam-carriage seen on the roads of 
Scotland to carry half a dozen or more 
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passengers. This he made to the order 0 j 
the Scottish Society of Arts. 

At about this time Nasmyth heard ol the 
fame of rare Henry Maudslay, with whose 
career we have already dealt in these pa«r,. s 
Nasmyth, although he had genius 
own, was not too self-confident to plan- 
himself under the Englishman, and not too 
proud to toil for ten shillings a week and 
live on it. He became one of Maudslay’s 
most zealous pupils, and has preserved i<, r 
us a charming picture of the illustrious 
mechanic. His “ dear old master,” as l u > 
called him, dying in 1831, Nasmyth, after 
another year in the firm, set up a little 
shop of his own in Edinburgh. Win *11 a 
couple of years of tool-making and nt 
jobbing mechanics had passed, he took lib 
courage in both hands and opened a small 
foundry at Pa tricroft, Manchester. He was 
no dilettante ; he was out to work, and 
embarked the whole of his little capital in 
the venture. It amounted to but thnv- 
score pounds, but it served ; for in the 
course of a couple of years lie was en- 
couraged to launch out and lease six acres 
of land, and on it erect premises which 
became famous as the Bridgewater Foundry. 
Here, in partnership with Haskell, lie 
rapidly established a high reputation for 
the excellence of his work steam-engines, 
machinery of all kinds, and machine tools. 

It was more as the inventor of imple- 
ments for others than for anything else 
that his generation owed him thanks. 
This is not to disparage the value ol lib 
general output, which was of the highest 
merit, and did much to enhance the reputa- 
tion of British engineering. But it vccpi'p-d 
a special brain and aptitude to forge new 
mechanical powers for the engineer of the 
world, and Nasmyth’s was the mind 
specially fitted for the task. Even had lie 
built a thousand steam-engines he could 
not have conferred as great benefits upon 
industry as by the creation of a single 
steam-hammer. That was the gift to the 
world of an entirely new idea. 

The history of the great tool is one of the 
romances of invention, and serves ad- 
mirably to illustrate his claim as to the 
value of drawing. The idea of the hammer 
was suggested, not by his own observations, 
but by the need of another man. When the 
first of the big steamers, the “ (m at 
Britain,” was in course of construction at 
Bristol, Francis Humphreys, her engineer, 
wrote to Nasmyth, telling him of a diffi- 
culty which had arisen. He required a 
wrought-iron intermediate paddle-shaft ot 
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;1 then unprecedented size. He had applied, 
]ic said, to the largest firms throughout the 
n , untry for tenders, but to his dismay 
tniiiid that not one of them could make a 
inking of the dimensions specified. 11 What 
am I to do ? ” asked the engineer. “ Do you 
think I might dare to trust to cast-iron ? ” 

The reason why the then existing ham- 
mers could not forge a thirty-inch shaft was 
that they were constructed upon a wrong 
principle. They were so designed that when 
a large object requiring the heaviest blows 
was laid upon the anvil, they then became 
the weakest. The space through which the 
hammer ought to have descended was 
already occupied by the metal to be forged. 
Nasmyth sat down to think into his sketch- 
book. The obvious remedy, he saw, was to 
design a method by which a ponderous, 
block of metal should be raised to a suffi- 
cient height above the object on which 
it was desired to strike the blow, and then 
let the block fall upon the forging, guiding 
it in its descent by such simple means as 
would give the required precision in the 
percussive action of the falling mass. 

“ Following out this idea,” he says, “ T 
got out iny scheme-book, on the pages of 
which f generally thought out, with the aid 
of pen and pencil, such mechanical adapta- 
tions as I had conceived in my mind, and 
was therefore enabled to make them visible. 
I then rapidly sketched out my steam- 
hammer, having it all clearly before me in 
my mind’s eye. In little more than half an 
hour after receiving Mr. Humphreys’ letter 
narrating the unlocked for difficulty, I had 
the contrivance in all its executant details 
before me in a page of my scheme- book. 
The date of this first drawing was Novem- 
ber 24, 1839.” It is unnecessary at this 
Mage of our industrial development to 
describe the famous hammer, which, at 
tin will of the operator, pounds colossal 
masses of metal as a potter pounds his day, 
and yet is so perfectly under control that it 
be made to crack the glass of a watch 
without damaging the watch, or to split an 
eggshell without hurt to the wineglass in 
which it is contained. 

Called into existence to meet a want for 
the “ Great Britain,” the steam-hammer 
was never used for that purpose, for it was 
dt ( ided afterwards to .substitute the screw 
propeller for paddle-wheels. Nasmyth did 
•mt therefore proceed at once with his in- 
v « nlion, but showed his plans to visitors 
at bis works. One of these visitors was the 
bead of the great Creuzot engineering firm 

Schneider; and the first Nasmyth heard 


of a steam-hammer in being was upon the 
occasion of a visit to Creuzot in 1841. There 
was his invention at work, and called the 
Schneider hammer. Very foolishly he had 
neglected up to this time to patent his idea, 
but he now made haste to do so, and set up 
his first steam-hammer at his works in 1843. 
From it he evolved the steam pile-driver, a 
steam-hammer for dressing stone, and 
adapted its principle to marine steam- 
engines. Engineering practice has under- 
gone a remarkable change since the inven- 
tion of the steam-hammer ; and it should 
therefore never be forgotten that, although 
a filched idea from a too-confiding inventor 
enabled a foreign maker first to elect a 


r 



model of nasmyth’s steam hammer 


steam-hammer, the invention is absolutely 
British. Nasmyth, who, after retiring from 
business achieved notable results in astro- 
nomical research, died on May 7, 1890. 

THOMAS NEWCOMEN 
A Pioneer of the Steam-Engine 

Thomas Newcomen was born at Dart- 
mouth, and baptised there on February 28, 
1663. Enrolled among the immortal inven- 
tors, Newcomen has left very little ol 
biographical data behind him. Absolutely 
nothing is known of his youth or training, 
and there is a doubt as to whether lie fol- 
lowed the occupation of ironmonger or 
blacksmith. Associated with him in his 
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improvement of Savory’s primitive steam- 
engine was one John Galley , of Dartmouth, 
but there is nothing to indicate that he was 
more than a sleeping partner in the great 
enterprise. It is suggested that Newcomen 
had read of the experiments of Papin with 
steam ; but how a man in humble circum- 
stances, such as Newcomen's, was to gain 
access to the writings of a French physicist 
is not clear. There seems more probability 
in the story that he was engaged, as one of 
the few competent workmen in the neigh- 
bourhood. to assist in erecting the steam- 
engine set up by Savery at Modbury, some 
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fifteen miles distant from Dartmouth. Hut 
as to this then' is no certainty, for Switzer, 
in his “ Introduction to a System of Hydro- 
statics and Hydraulics," says that New- 
comen was as early in the field as Savery. 
adding that the latter, " being nearer the 
Court, had obtained the patent before the 
other knew of it ; on which account Mr. 
Newcomen was glad to come in as a partner.” 

Another not impossible story is that, 
having some general idea of Savery ’s engine, 
Newcomen made a model of it, discovered 
in the model the weaknesses of the original, 
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and proceeded to remedy them by the inven- 
tion, or rather adaptation, of the piston, 
which was, indeed, as old as Hero. X ( u -1 
comen is said to have corresponded with 
Robert Hooke upon the subject, and i< ; 
have been dissuaded by Hooke from 
making an engine on the Papin principle. 
Hooke is stated to have added the im- 
portant hint, "If Papin could make :1 
speedy vacuum under your piston, your 
work were done." 

Newcomen’s first engine, which may lmv< 
been the model already mentioned, lacked 
the piston. The history of the Newcom- n 
engine is told on page 3605 of the present 
work. Here may be added the story ot tl: • 
invention of the jet of cold water introduced 
into the cylinder to cause a rapid condensa- 
tion of the steam upon which the whole 
work of the engine depended. The first 
engine erected for work by Newcomen 
lacked this jet. The cylinder was cooled by 
the application of cold wafer to the exterior 
of the cylinder a wasteful and primitive 
scheme. Every effort was mack' to keep the 
cylinder free from water, but the wearing 
of the piston caused a leakage of water from 
the supply maintained upon the head of the 
piston for the purpose of keeping the lattei 
air-tight. As the water percolated through 
the aperture, Newcomen noticed that the 
engine* worked much more satisfactorily 
than before. His native genius enabled him 
swiftly to grasp the significance of the 
lesson, lie introduced forthwith a modifica- 
tion whereby he could throw a jet of cold 
water into the cylinder, so causing a rapid 
condensation of steam without chilling the 
entire exterior of the cylinder and occasion- 
ing a waste of heat in the motive power. 
" His Majesty Accident " has many gilt s 
to bestow upon ready hands, and New 
comen’s were* ready. 

It is a curious fact that Newcomen, who. 
although always subject to the domination 
of the more favoured Savery, was truly the 
father of the practical steam-engine, never 
took out a patent. Invention to him, as lo 
many other of our geniuses, was a broad- 
and-chccse matter ; and although the efforts 
he made to get his invention adopted show 
that he appreciated its value to mine- 
owners, yet he could not have realised the 
enormously important gift that he was pre- 
senting to the world. In saving for the 
mining industry of this country coal and 
metals to be won from deeper and deeper 
levels in workings which had become mere 
gathering-grounds for water, he rendered 
available supplies of inestimable raw 
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n ,;it trials which gave Great Britain an 
j IU ,tinparable advantage over her Conti- 
n , utal rivals. Newcomen is believed to 
have died in London in August, 1729. 

JOSEPH NICEPHORE NIEPCE 
Ihe Father of Photography 

Joseph Nicephorc Niepce, the father of 
photography, was born at Chalon-sur-Saone, 
in France, on March 7, 1765. His father 
wa> a man of wealth and position, being one 
oi the king’s judges ; and as Niepce was a 
dreamy, imaginative lad, with no particular 
inclination to a calling, he went his own way 


all his early work is now obscured and 
forgotten, and his name is entirely associated 
with the invention that occupied his last 
twenty years, and absorbed the fortune he 
had inherited from his father. Litho- 
graphy had been recently invented by 
Senefelder, and Niepce was much interested 
in the process, and aimed at improving upon 
it. At first he replaced the stone by a plate 
of tin, and in 1813, while he was trying to 
find a substitute for the lithographic chalk 
with which the designs were drawn, the 
fantastic idea struck him that the picture 
might be painted by the light of the sun. 
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until the Revolution broke out. Blit in 
1 70-’ he entered an infantry regiment as 
s ul i lieutenant, and saw active service in 
Italy. Failing sight and ill-health com- 
pelled him to resign his commission, and 
• n 1794 he was appointed a member of the 
administration of the district of Nice. This 
P otion he held till 1801, when he returned 
his native place, and devoted himself 
h» the scientific research that had become 
hi^i'hiel interest. 

^veral of his mechanical inventions and 
dm overies in dyeing attracted notice,, but 
ip 


Niepce was acquainted with the camera 
obscura, in which a picture was formed by a 
lens in a little, dark chamber. Many 
amateur artists of the day used this con- 
trivance in learning to draw scenery. They 
went over a little sunlight, picture with a 
pencil, popping their heads through a cloth 
at the back of their portable box, some- 
what in the manner of a photographer 
focussing an object. Niepce saw that if 
he could find some chemical that would 
change under the action of the lights 
and shades the sun - picture projected 
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through the lens, he would be able to take 
photographs. 

He tried one of the silver salts that 
blacken when exposed to light, but he 
could find no way of fixing the picture he 
so obtained. He then discovered that 
asphalt, or bitumen of Judea, a substance 
found in the Dead Sea and other places, 
possessed the quality of becoming soluble 
in oil of lavender. He poured a solution of 
this bitumen upon a metal plate, so that it 
covered the surface, and dried in the form 
of a brown film. He placed the coated 
plate in a camera obscura, at the spot 
where the image from the lens fell, and 
then exposed it to the light. The result 
was that the asphalt remained soluble 
on the shadowy parts of the image, but 
became fixed on the light parts. These 
changes were not visible to the eye ; but when 
the* ingenious Frenchman poured some oil of 
lavender on the plate, it dissolved the parts 
that had not been changed, leaving behind 
those which had been affected by the light 
and made insoluble. 

Thus Niepce obtained his first photograph 
■ — a picture drawn by the sunlight upon a 
metal plate in lines of asphalt. An exposure 
of several hours was needed to obtain this 
first sun picture, owing to the fact that the 
asphalt was very slowly affected by the light- 
rays. Niepce, however, was still only think- 
ing of improving the process of lithography. 
By soaking an original drawing, or a print, 
in oil, and making the paper transparent, he 
was able to place it in a strong sunlight upon 
his asphalt plate and make a reproduction 
of it. All the black lines remained un- 
affected, and were washed away with oil 
of lavender, leaving the white spaces still 
covered with bitumen. Niepce then poured 
on the copper plate a corrosive acid that 
ate into the metal wherever the bitumen 
had been removed, and so left an etching of 
the original design. The copper plate could 
then be used for printing off a number of 
impressions in the ordinary way. These 
impressions Niepce called “ heliographs,” 
and he seems to have succeeded in producing 
them in 1826. In an improved form his 
method is still used in some countries for 
printing banknotes. 

Niepce, however, was dissatisfied with the 
result, and he took up another line of 
research. He used a highly polished silver 
plate, thinly coated with asphalt dissolved 
in oil of lavender, and treated with iodine. 
In 1829 he entered into a partnership 
of invention with another Frenchman. 
L. J. M. Daguerre. The two men began to 
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search for some chemical more sensitive' to 
light than asphalt, and it turned out that 
the iodine that Niepce had been using with 
his silver plates was the very thing that w; b 
needed. Niepce himself died in iNpj 
and Daguerre took all the credit for tlv* 
discovery of the iodine process, and the 
photographs so obtained were called, alter 
him, “ daguerrotypes.” It has been asserted 
that Niepce, a trustful and unworldly man. 
was robbed of the honour of his invention 
by his sharper and more businesslike 
partner. But this is putting the matter 
too strongly, for Daguerre undoubtedly 
took a part in the perfection of the iodised 
silver plate process. Yet one cannot 
help feeling that he acted rather un- 
generously in giving his name exclusively 
to an invention which was only his in part, 
and that part perhaps a small one. 

Niepce’s death and the secrecy he main 
tained in regard to his new process make it 
now impossible to discover exactly how 
much of the final achievement was actually 
his. The announcement of the discovery 
of modern photography was made by 
Arago, the celebrated astronomer, mi 
January 9, 1839. In consequence of repre- 
sentations made by him, the French Govern- 
ment arranged for the process to be pur- 
chased by the State and made public. 

1 )aguerre was given a pension of (>000 franc\ 
and Niepce’s nephew received 4000 francs ,l 
year. The nephew discovered the radio- 
activity of uranium, but failed to pursue thi" 
wonderful phenomenon. 

ALFRED BERNHARD NOBEL 
The Peaceful Triumphs of Warlike Inventions 

Alfred Bernhard Nobel, the invent* »r 
of explosives, was born at Stockholm. 
Sweden, on October 21, 1833. The son <>1 
a skilful mechanician, who removed with 
his family to St. Petersburg, there to earn 
out the manufacture of torpedoes, Alin'd 
Nobel, whose name will be perpetuated by 
his Peace Prize and other awards related 
to the humanities, was bred to thoughts nt 
munitions and implements of war. When 
Nobel senior returned to Stockholm, and 
began the manufacture of nitro-glyccrine. 
Alfred, then seventeen years of age, accom- 
panied him as assistant. Seven years later 
the son chanced upon one of those extra- 
ordinary accidents which now and again 
carry men to fortune. Some nitro-glyccnnc 
escaped from a cask in which it was con- 
tained, into the siliceous sand in which d 
was packed. Nobel was a born chemist ; fa* 
teste designed and accidental compound" 
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and combinations of explosive substances 
as Simpson tested drugs for possible anaes- 
thetising properties, as Edison experimented 
uitli combustible substances for the making 
nl his incandescent filaments. And resulting 
In >in his experiments with the nitro-glycerine 
which had leaked into the sand, he dis- 
covered and named — dynamite. 

Of course, the whole process was not a 
simple matter. It was the issue of a long 
series of experiments of the most dangerous 
kind. Nitro-glycerine, in which the explosive 
properties reside, had earned an infamous 
name. It had caused so many terrible 
accidents that its use for blasting had been 
prohibited in England and in two or three 
other European countries. Its powers were 
enormous, but it absolutely lacked depend- 
ability. Dynamite was the first form in 
which it could be used with relative safety. 
Even while this note is being written, the 
utter demolition of a British ship in an 
American harbour, with a casualty list of 
a hundred, suffices to prove that dynamite is 
>till to be handled only with the extremest 
care. Its disruptive powers are about 
eight times those of gunpowder. Yet those 
accustomed to its use aver that it is far 
more safe to handle. 

If accident gave Nobel dynamite, a bow 
at a venture would seem to have yielded 
him blasting gelatine. While dressing a 
cut with collodion — which is the product 
• •I gun-cotton dissolved in ether- lie poured 
the residue of the bottle into some nitro- 
glycerine. The surprising gelatinous result 
led to a series of experiments from which 
die blasting gelatine of commerce issued, 
riiis is an explosive half as strong again 
a> dynamite, and employed for work where 
greater disruptive power than that possessed 
hy the earlier substance is demanded. The 
micccss of the new compound was demon- 
strated by the blasting operations for the 

Gothard Tunnel, the rock to be removed 
there being practically proof against all 
ordinary explosives. Nobel produced smoke- 
less powder for military purposes, improved 
gun-building, and was a pioneer in the 
development of valuable oilfields. 

He accumulated a fortune of over two 
millions sterling, which he left invested, the 
income to be devoted every year as prizes 
to those, irrespective of nationality, who 
have, during the current twelvemonth, 
made the most important discoveries in 
physics, chemistry, or physiology, or have 
bitten the best literature or contributed 
most to the cause of international brother- 
hood, in the suppression or reduction of 


standing armies, or in the establishment or 
furtherance of peace. This is quite one of 
the most remarkable bequests in modern 
times, and the annual awards are awaited 
with greater interest than almost any other 
known honours list. The will of Nobel 
suggests the spirit manifested by Napier 
when, on his deathbed, he was asked to 
explain the secret of his terrible machine for 
the slaughter of an army. But Nobel’s work 
for peace was not confined to this great 
legacy. Although he was devoted for a great 
part of his life to the creation of implements 
of war, his inventions have had an inestimable 
effect in promoting the ends of civilisation. 

He has blown railways through the 
heart of mountains, has made harbours on 
inhospitable coasts that shelter the argosies 
of commerce as well as the powerful vessels 
of war ; he has given the farmer a new 
implement for breaking up his ground. and 
for the uprooting of tree-stumps that 
formerly made cultivation impossible. He 
has given the road-maker, the mine- 
proprietor, and the contractor a power such 
as they never before possessed. He has 
enabled us to lessen the gradients for rail- 
ways and for road traffic, so that now we 
can at last eclipse the Romans as makers of 
highways. Canals and docks result from the 
explosion of his dynamite, rivers become 
navigable by the same treatment. Dynamite, 
the product of a terrible vehicle of destruc- 
tion, has become a disciplined force which is 
now indispensable to the engineer and maker 
of tunnels and highways. The man who 
gave the world this new power did so as the 
result of the most hazardous trials and 
thrilling dangers. 

The factory in which he carried out his 
experiments was shattered to atoms, and 
the work, up to the time that perfection was 
attained, was attended by constant peril 
and menace. While carrying out these 
investigations Nobel was practically a 
chronic invalid. His intimates described 
him as physically weak, of a nervous, 
high-strung, and exceptionally sensitive 
disposition, balanced, however, by indomit- 
able will-power, which carried him without 
flinching through the deadliest dangers. On 
one occasion when some dynamite could 
not be removed from a large cask, he crept 
into it and dug the explosive out with a 
knife. Nobel, who lived to see works for 
the production of his explosives established 
under Government supervision in Scotland, 
and his business extending to the uttermost 
ends of the civilised world, died at San Remo, 
Italy, on December 10, 1896. 
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PIONEERS 


ROBERT RAIKES— THE FOUNDER OF SUN- 
DAY-SCHOOLS 

13\R0N DE REUTER — WHO GAVE THE 
WORLD A PRESS VIEW OF ITSELF 

1HOROLO ROGERS— WHO GATHERED THE 
MATERIALS OF THE PEOPLE'S STORY 

SIR SAMUEL ROMILLY— THE GREAT OP- 
PONENT OF BRUTAL LAW 

ROBERT RAIKES 
The Founder of Sunday-Schools 

R obert Raikes, son of a Gloucester news- 
paper owner, was born at Gloucester on 
Npt ember 14, 1735* Blessed with means 
anil a generous disposition, Raikes, as lie 
h]- ( .\v up, was led to interest himself in the 
tmible conditions of the poor in his native 
my. In their squalid homes, in the dismal 
Min ts, in the hideous prisons of the period, 
liny lived lives little better than wild 
annuals. The lot of the children of such 
parents was appalling. Elizabeth Fry was 
noi horn when Raikes began his mission, and 
all the horrors of our penal system con- 
spired against the happiness and weal of the 
little ones. Hunted from pillar to post in 
the streets, homeless and unbefriended as 
John Pounds found them in Portsmouth, 
they were driven to petty crime, and hauled 
to prison, where, with no provision made for 
them, they would have perished but for 
the charity of the senior offenders, who, 
had as they were, would share or even 
mi« 1 Hire the whole of their rations to preserve 
the infant malefactors from starvation. 
The conditions of child life simply maim* 
iaetured crime. 

Raikes, going one day to a part of 
tiluucester with which he was untamiliar, 
waN horrified at the sight that met his view. 
He was informed, however, that on the 
Sunday “ the street was filled with a multi- 
tude of wretches, who, having no employ- 
11 u nt on that day, spent their time in noise 
mid riot, and cursing and swearing in a 
manner so horrid as to convey to a serious 
mind an idea of hell rather than any other 
phi. e.” There had been Sunday-schools 
1‘mg before the day of Raikes, here and 
dme, spasmodically supported, never con- 
MMi ntly conducted.; Raikes is said to have 
had the idea suggested to him from a variety 
m ources. No matter what the origin, the 
-nits were his. He organised and co- 
m liriatcd effort, and gave the movement an 
m i pet us which it has never since lost. He 
by engaging four women who 


JEAN JACQUES ROUSSEAU — WHO 
WROUGHT REVOLUTIONS WITH A PEN 

LORD SHAFTESBURY — SA VIOU R OF 
THE CHILDREN AND CIVILISKR OF 
ENGLAND 

THOMAS TELFORD— THE IIERD-BOY WHO 
BECAME THE MASTER ROAD-MAKER 

kept dame schools to give instruction on 
Sundays to such children as lie might send 
them. The teaching was at first mainly 
secular. It was the only teaching that the 
children of the poor received. Thousands 
of men and women in England grew up with 
no more schooling than they received upon 
the Sabbath from the lips of the devoted 
men and women who gave their one day of 
rest to this work. But at the outset the 
idea of voluntary service did not occur to 
Raikes. He paid his first teachers one 
shilling each for their labours. There was no 
difficulty in getting scholars. The first 
classes ranged in age from six fo fourteen 
years, and Raikes left it on record that he 
stipulated only for personal cleanliness, 
“ AH that I require,” lie told his proteges, 
“ are clean hands, clean faces, and the hair 
combed.” It seems little to ask, but the 
conditions were not easily complied with in 
the case of many of the children. Once a 
month the children attended church to be 
catechised upon their religious knowledge. 

The system of these first regular Sunday- 
schools was different from that with which 
children of a later generation have become 
familiar. The schools opened at eight in 
the morning, and lessons began hall an hour 
later, and the scholars then either returned 
fo their homes, or went to church service. 
They reassembled after dinner and remained 
at school until half-past five. Young 
England had begun to spell and sum, and, 
for one day in the week, at any rate, to 
perform its ablutions. The effect in the 
town was marked, and one man of note 
affirmed that “ the change could not have 
been more extraordinary had they been 
transformed from the shape of wolves and 
tigers to that of men.” The. scheme be- 
came talked of and began to spread about 
the country. Raikes wrote of it in his 
paper, and his article, though anonymous, 
attracted immediate attention. The new 
idea was discussed in two of the leading 
magazines of the day, and from that time 
forth the success of the Sunday-school as a 
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national institution was firmly established. 
Sunday-schools spread over the land with a 
rapidity for which it would be difficult to 
find a parallel in any other movement. 

At first the question of teachers’ salaries 
threatened to embarrass the plan, but by-and- 
by a number of enthusiasts banded them- 
selves together vowed to voluntary service. 
It is said that this laudable innovation had 
its rise at Oldham. It was near by, at 
Bolton, apparently, that Wesley, who 
heartily approved the scheme, first made 
acquaintance with it, for he writes in his 
journal for April 19, 1788, of a service in the 
latter town: “And this I must avow, there 
is not such a set of singers in any of the 
Methodist congregations in the three king- 
doms. There cannot be, for we have near 
a hundred such trebles, boys and girls, 
selected out of our Sunday schools and 
accurately taught, as are not found together 
in any chapel, catL.xlral, or music-room 
within the Four Seas. Besides, the spirit 
with which they all sing, and the beauty of 
many of them, so suits the melody, that 
I defy any to exceed it ; except the singing 
of angels in our Father’s house.’’ Sunday- 
schools were only eight years old when the 
marvellous veteran of four score and odd 
wrote that generous praise. 

The schools grew in number and influence 
throughout the life of Raikes. News of 
them reached the Court, and attracted the 
favourable notice of the King and Queen, 
who sent Fanny Burney down to Gloucester 
to see the man who had wrought the 
miracle. Fanny’s characterisation of the 
flustered philanthropist is not altogether 
charitable. When he had shown her the 
reforms he had effected she tells 11s : “I 
poured forth mv satisfaction in them very 
copiously and warmly. He hinted a question 
whether I could name them to the Queen. 

‘ Beyond doubt,* I answered ; ‘ for these 
were precisely the things which most inter- 
ested her Majesty's humanity. * *’ The joy 
with which he heard this, she says, was 
“ nothing short of rapture.*’ But though 
the lively Fanny found him “ somewhat too 
flourishing, somewhat too forward, some- 
what too voluble,’’ she had to admit that he 
was “ worthy, benevolent, good-natured, 
and good-hearted.’’ And posterity has 
adopted the latter part of her verdict. His 
work is the epitaph by which lie may be 
judged. Few men have ever done more for 
a nation than Robert Raikes. He did but 

n are for the greater reforms which were 
illow. But he began the teaching of 
young England, and by instructing the 
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hapless little ones of his own generation, lu> 
taught them how to help themselves win w 
they were grown men, and he was in 
tomb. The reforms for which they wviv 
later to fight and suffer would never have 
been demanded had they not received learn- 
ing enough to realise the dire wrongs and 
misery of which, when beyond the reach ot 
the Sunday-school’s ameliorating influence, 
they were still victims. Raikes died at 
Gloucester on April 5, 1811, and his statue 
commands a position on the Thames Em- 
bankment. His native city had not, up to u 
few years ago, at all events, sufficiently 
appreciated the lustre he shed upon it to 
erect a monument to his memory. The model 
was ceremoniously unveiled, but the actual 
sculpture was left still to seek. 

BARON DE REUTER 
Who Gave the World a Press View of Itself 

Paul Julius, Baron de Reuter, the founder 
of the first telegraphic agency for collecting 
the news from all lands, was born at Cassel, 
in Germany, on July 21, 1821. At an earlv 
age he began a business life in a bank in 
Gottingen, but became quickly interested 
in telegraphy, and saw in it an opportunity 
for making his mark in an unoccupied field 
of enterprise. The telegraph systems of 
Germany and France hail been brought near 
to each other but not united, in 1849, the 
German system ending at Aix-la-Chapellr, 
and the French system at Verviers. Reuter 
conceived the idea of forming a private link 
between the two systems, and did so by a 
service of carrier-pigeons, his wife operating 
one end of the line, and he the other. From 
this simple beginning sprang a scheme of 
communication that included the whole 
civilised and semi-civilised worlds. 

Finding himself hampered by Continental 
restrictions, Reuter came to England in 
1851 and took out letters of naturalisation. 
His initial experiments here were in organis- 
ing telegraphic business and private link- 
ages between England and the Continent, 
and it was not till 1858 that he induced the 
newspapers to use his agency extensively. 
Then the “ Times ” accepted from Reuter s 
Paris office an extended report of a speech 
made by the Third Napoleon. Thus en- 
couraged, Reuter aimed at giving liis agency 
a world- wide range, and he magnificently 
succeeded. His work involved the laying 
down of special cables in some instances, a-, 
tor example, between Cork and Crookhon-e, 
so as to quicken the receipt of news from t he 
American States during the Civil ^ al y 
before any cable was laid under the Atlantic. 
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Kt uter turned his business into a limited 
liability company in 1865. In 1871 he was 
m.ulc a baron of Saxe-Coburg and Gotha, 
a n. I by special grant the dignity was recog- 
nis'd in this country, and carried with it the 
ni-toinary privileges of the rank. The 
operations of the agency in the East brought 
baron de Reuter into close association with 
I\rsia, and he was awarded special con- 
ations by the Shah, which, however, he 
did not utilise. Baron de Reuter died at Nice 
on February 25, 1899, leaving a name that 
was better known perhaps, as a name, than 
anv other in the world, although to most 
prople who saw it continually in the news- 
papers it was a name of mystery. 

No more complete example of an inter- 
national monopoly could be named than 
Reuter’s Agency, but as its work involved 
an enormous saving for such of the news- 
papers as must have all the up-to-date news, 
and as it was conducted with businesslike 
tidiness, the evils of a monopoly did not 
diow themselves. The network of corre- 
spondents serving Renter covered all lands 
far more completely than was possible to 
tin* organisation of any single newspaper, or 
even any government service. Indeed, it is 
(juile a common thing for Reuter's service 
to gather and transmit important news far 
in front, in point of time, of the observation 
of the same events by the official representa- 
ti\es of the British nation. 

Everyone with knowledge admits that the 
Mipreme wonder of the twentieth century is 
tin- hourly collection of the news of the 
whole world through its Press ; but by far 
the largest part of that credit is due to 
Huron de Reuter, who not only laid the 
foundations, but reared the superstructure 
of the system, and newspapers take part in 
the inheritance he has lett by the simple 
process of paying an annual subscription. 
It was Reuter who gave the Press ('yes that 
s,'( everything to the ends of the earth. 

THOROLD ROGERS 

Who Gathered the Materials of the People’s Story 

James Thorold Rogers, who brought 
together the materials for making history 
til- story of the progress of mankind rather 
than a record of the doings of kings, was 
at West Meon, Hampshire, in 1823. 
Ih* was educated at King's College, London, 
and Magdalen Hall, Oxford, where he took a 
1 ’irst in 1846. Afterwards he remained as a 
High Church curate in the city. Later he 
undertook clerical and theological tuition, 
but after a time his position in the Church 
became exceedingly irksome, and he was the 


most active promoter of the Clerical Dis- 
abilities Bill, and the first, after its passing, 
to surrender his position as a clergyman. 

In 1859 Rogers was appointed Professor 
of Economic Science at King’s College. 
London, a post he held for more than thirty 
years. His experiences at Oxford were more 
varied. Elected as the Drummond Professor 
of Political Economy, in 1862, he filled the 
position tor five years, and then was cast out 
by a large majority because his views were 
too advanced for Oxford to bear, and 
expressed with too great freedom. Twenty- 
one years later Oxford repented, and Rogers 
was reappointed to his former professorship, 
which he held until his death. In the period 
between his rejection and reacceptance by 

Oxford he had twice served in Parliament 

for Southwark between 1880 and 1885, and 
for Bermondsey in 1885-6. And lie had also 
published six volumes of his monumental 
“ History of Agriculture and Prices in 
England/' a work that will ever give him a 
place among the pioneers of knowledge. 
Thorold Rogers died at Oxford on 
October 12, 1890. 

The aim of Rogers in his master-book - 
the materials of which are used also in his 
“ Six Centuries of Work and Wages ”• was 
to show how the general mass of the people 
lived in the past in England, what they 
earned, and what the wage would buy. The 
book was planned to fill eight volumes, and 
the six published in Rogers's lifetime came 
out at intervals during twenty-one years. 
The materials lor the two unfinished volumes 
had also been collected. The periods suc- 
cessively covered by these great books of 
information were 1259 to 1400 in the first 
two volumes, published in i 860 ; 1401 to 
1582 in vols. II. and III., in 1882 ; and 1583 
to 1702, published in 1887. For his facts, 
Rogers went carefully to original sources, 
and committed himself to enormous labours. 
The result is the provision ot a great 
historical storehouse that has not its like in 
any other European country. Its value is 
cordially acknowledged by the many who 
were offended by the aggressive militancy of 
the author’s opinions on the politics of his 
own day. There is no doubt that the labours 
of this dogged worker gave a new start to 
the writing of popular history, social and 
industrial questions taking the place of the 
high game of diplomatic politics which plays 
such a large part in most historical works, 
but means so little to the millions of 
mankind. How did the people eat, drink, 
work, play, clothe, and house themselves 
in successive periods ? These were the 
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inquiries that mattered most in the eyes of 
Thorold Rogers, anti he gave us the means 
of answering such questions. 

In appearance Rogers was everything that 
one would expect a University don not to 
be a big, loose-limbed, shaggy man, like 
a typical sheep-farmer from a moorland 
region, and lie dressed and talked to suit 
that character, with a rough, unrestrained 
humour, and an air of revelling in a fireside 
“ crack.” But this familiarity concealed 
enormous industry, while revealing a shrewd 
and indomitably courageous mind. 


SIR SAMUEL. ROMILLY 
The Gr«;at Opponent of Brutal Law 

Sir Samuel Romilly, the distinguished 
lawyer who became an untiring advocate of 
reforms in the English laws which indis- 


SIK SAMUKL ROMlf.r.V 



oiminatelv demanded death penalties, was 
born in Soho, London, on March i, 1737. 
His father, a watchmaker and jeweller, was 
of respectable Huguenot descent. The boy, 
who received an excellent education, was 
cursed in early youth by morbid imaginings 
of the servant who had charge of him, and 
the frame of mind so induced was further 
stimulated by much reading about crime. 
As a consequence, he suffered through life 
from occasional tits of gloomy reserve. After 
assisting his father for a short time, young 
Romilly entered the office of one of the 
Chancery clerks, and was able eventually to 
qualify for the Bar, and in 17 S3, join the 
Midland Circuit. 


Romilly. who had a command of hi ; ]| 
French and Italian, visited France in cl. ’ 
sympathy with the democratic uphca\ t j 
there, and made the acquaintance' 
Diderot and Mirabcau, becoming an 1 , 
timate friend of the latter. Through Itali m 
he read Beccaria, and probably recei\ - <1 
from him the impetus towards his life’s work 
- the reform of harsh laws. In 1784 he h;u| 
already begun to write on constitutional law 
and the publication of a book advising ,m 
increase of capital punishment drew ln.m 
him an instant reply. By 1786 he was in tin 
thick of a light against the gross anomaly 
of criminal law, in which he never wavered. 

By Mira beau Romilly was introduced n 
Lord Lansdowne and the Whig chiefs, win 
were not slow to recognise his great abilities. 
In iSob, on tin* nomination of Fox, lie w.c 
offered the post of Solicitor-General, although 
he had not previously sat in the Hnu-,. 
of Commons. He accepted the ofli<e, 
was knighted, and entered Parliament a- 
member for Queensborougli. He accom- 
panied the Whigs out of office when tln \ 
resigned in 1807, but was returned succes- 
sively for the boroughs of Horsham, Ware 
ham, and Arundel. 

Shocked by the savagery and indiscrim- 
ination of tin* criminal laws, Romilly seiz d 
every opportunity, both in and out ol 
Parliament, to condemn the existing penal 
ties. There were at that time nearly 
offences 011 the Statute Book punishable 1>\ 
death. Stealing shop goods to the value nt 
live shillings, robbing a rabbit-warren, «»i 
cutting down a tree each ol those miner 
crimes equally with murder, was liable to he 
followed by the death penalty. As eml\ 
as 176b, Goldsmith had made some an in 
criticisms on this senseless severity. “ 11“' 
Vicar of Wakefield” questions the validiix 
of the right to hang a man except for murih r : 
and adds, 41 When by indiscriminate penal 
laws tin* nation beholds the same puiiMi- 
nient affixed to dissimilar degrees of gmh. 
the people are led to lose all sense ol d^ 
tinction in the crime, and this distinction h 
the bulwark of all morality.” r ] 

Romilly was a friend and disciple 
Jercmv Benthani. whose pamphlet, l * * 
Hard Labour Bill,” had considerable m- 
iluence on contemporary humanitarian- 
Romilly was a frequent guest at Benthan - 
house, and was the mouthpiece of Be: ■ 
barn’s opinions on this section of law. N 1 
only was there no differentiation in the list : 
offences for which a man might be hang* l 
but the law was aggravated by bet - 
absurdly administered. People were rea 


! 
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lui.^od lor only twenty-five of the offences 
, iji the list. Wholesale executions were in- 
,-,.i,tvivablc f and the result was that most of 
t li, folk condemned and solemnly sentenced 
at the Assizes were afterwards respited. 
[ Viler such a system, instances of serious 
mi notice arose, the fate of a convict de- 
| H i ded on the whim of the judge, and the 
law itself lost every title to respect. 

Komilly’s mission was a noble one. Fired 
with generous instincts, he resolved to 
,V\ote his best efforts to the task of getting 
tin "C demoralising laws abolished. He 
published pamphlets, and spoke eloquently 
m Parliament. He succeeded, indeed, in 
fitting an Elizabethan Statute repealed, 
which enacted the capital punishment for 
baling from the person. But further 
n lorm was persistently blocked by Chief 
| u^t i<*o Lord Ellen borough, and his followers 
in the Upper House. Though his Bills were 1 
tin own out Romilly’s reputation was the 
■nliniration of all European philanthropists. 
In England, public appreciation was main- 
land by his return at the head of the poll 
lot the* City of Westminster, in 1818. A few 
months later his wife died in the Isle of 
Wight, and the poignancy of his loss so 
pieced on a mind too often subject to 
nine mi that he committed suicide. He died 
-hi November 1 , 1818. 

Though Romilly did not live to see the 
lull limits of his labours, he laid the founda- 
tion of success reaped later by Mackintosh 
ni'l others. His own actual successes were 
not insignificant. 

besides abolishing the death penalty 
loi dealing from the person, he secured the 
iV|H‘;il of the statute that made it a capital 
otli-nee for soldiers or seamen to be found 

large without passes ; and he was the 
menus of causing a Parliamentary ('0111- 
nut tee to be appointed which reported 
gainst transportation and the hulks. The 
movement he initiated has gone on until 
now only few crimes are punishable in Eng- 
lam 1 by death- namely, high treason, 
munler, piracy with violence, and destruc- 
,,{ »n of public arsenals and dockyards. 

K 01 n illy was a man of fine presence, a 
I" overlul orator, and unquestionably the 
!l, 'd advocate of his day, but inclined to 
tmuurnity and an intense interior life 
s ‘ i<i >m revealed to the public. 

JEAN JACQUES ROUSSEAU 
Who Wrought Revolutions with a Pen 

J an Jacques Rousseau, one of the 
l: ' t potent of the world’s revolutionists 
•tin, ugh the use of a pen, and quite the 


strangest medley of a man who ever 
played the role of a prophet in the realms 
of sentiment, government, and education, 
was born in Geneva, on June 28, 1712, of a 
French refugee Protestant family. Rousseau 
is one of the few men who has told the 
world his own story with a frankness that 
in anyone else would seem like malice. His 
mother died when he was born ; his father 
was a restless, dissolute, vapouring dancing- 
master, who, after feeding his weakly son’s 
mind with wild romances, deserted him. 
For thirty-seven years Rousseau lived a life 
of failure, without securing a rag of character 
as a recommendation. In youth he failed 
first as apprentice to a notary, then as 
apprentice to an engraver. For twenty 
years, having run awav at tin* age of sixteen, 
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lie was a vagrant' sometimes a lackey, 
sometimes a secretary, sometimes a teac her 
of music, ot which he- knew little, or a 
copier of music; now a Catholic pervert, 
now a Protestant deist, but always immoral, 
following his own whims, and never taking 
on himself the duties of manhood. The 
five children of the rough servant girl who 
followed him through the greater part of his 
life, and with whom he eventually went 
through a marriage ceremony, were all 
left to public charity as foundlings, and 
lost sight of. At no time in his life did 
Rousseau do more than earn a bare living, 
and usually he was dependent on people 
whom he affected to despise, and towards 
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whom ho felt no gratitude. Yet this weak, 
coarse, dissolute man, whose life was a 
monotonous record of dissatisfaction and 
petty feeling, who was uneducated, un- 
trained in thinking, who wore out the 
patience of every friend, and at last, 
probably, ended by suicide a career of self- 
torture, was the literary mainspring of the 
French Revolution, strikes the keynote of 
the Constitution ol the United States of 
America, holds a place in every work on the 
education of children, thrusts a word of 
argument into every discussion on the bases 
of public government, and has engraved on 
his tomb the words : “ Here lies the man of 
nature and ol truth.” 

Before suggesting how this came about, 
we must trace his life rather more in detail. 
The more reputable part begins in 1749, when 
he competed for a prize offered by the 
Academy of Dijon lor tin* best essay 
answering the question : Has the restoration 
of the; sciences contributed to purify or 
corrupt manners? He gained the prize. 
Three years afterwards the same academy 
offered another prize for the best answer 
to the question : What is the origin ol 
inequality among men, and is it authorised 
by natural law ? This time he did not 
gain the prize', but he arrested public' 
attention and won surh a place among the 
writers of the day as brought society 
buzzing around him, eager to know and 
patronise him. The argument with which 
lie startled the worn-out artificial world ol 
monarchical France, which knew it was all 
wrong, was that culture and citizenship are 
huge mistakes, property is a wrong, and 
government a tyranny, and happiness and 
virtue arc found in pristine purity in savage* 
life, or in a liie of supreme simplicity nearest 
to Nature. 

Hi* was now offered a cottage in a forest 
by an admirer, and, practising his simpli- 
city, lived there, or in another cottage close 
by, while he gave the world in three years 
three books on which his fame* rests. These 
were a sentimental romance. “ The New 
Heloise,” in letters after t hi' manner of 
Richardson ; the “ Social Contract,” an 
examination of the foundations of govern- 
ment ; and ” Emile,” a biographical trea- 
tise on education, with views, by the way, 
on Governments and religion. These works, 
two of which were published in Amsterdam 
to escape the censor, offended all the 
authorities, but eventually captured the 
imagination of the French people. The 
immediate result was that the books were 
publicly burned and the arrest of the 
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author was ordered, but Rousseau escape 
to Switzerland. There, however, the Gene- 
van Government arranged for his arr, si 
should he enter his native city; and die 
Government of the Canton of Berne g.i\,. 
him fifteen days to leave its territmv. 
Accordingly lie passed into the principality 
of Ncuchatcl, which then belonged to tin 
King of Prussia, whose deputy was 
sturdy refugee; Scotchman named George 
Keith. Frederick the Great not only gave 
him shelter, but requested the governor to 
give him any necessaries he would accept. 
These Rousseau declined, with perhaps 
unnecessary preachings. ” You wish to 
give me bread,” he wrote. “ Is there none 
of your own subjects in want of it ? Take 
that sword away from my sight ; it dazzle- 
and pains me.” Another letter of this 
time, to the Archbishop of Paris, who hail 
denounced “ Emile ” in a pastoral, is oik 
of Rousseau's finest writings. As Morley 
says, “ At tin* very first words, the mitre, 
the crosier, and the ring fall into the dust." 

Though Frederick would have Rousseau 
in his territories, Frederick's subjects would 
not, and, after three years’ petty perse< u- 
tions by the villagers, forced him to lra\ > 
the Ncuchatcl district and take refuge in an 
island on Lake Bienne in September, 17*15. 
But the island was under the jurisdiction o! 
Berne, and tin* Government once mniv 
moved him on. In December he arrived in 
Paris; and in January, 17(16, David Hunn 
who was t 1 h*ii secretary to the Engli-li 
Embassy, moved by the representation- ol 
his countryman George Keith, brought tin 
homeless wanderer to England, and u- 
March settled him at Wootton, near Adi- 
bourne, in Derbyshire, in a house' penn.m 
cntly lent him as a visitor of distinction. 

While he was in England, Rousseau wmti 
his ” Confessions ” and his “Botar.ii.il 
Dictionary,” and here he took a nient;d 
turn but little divided from madness. AH« r 
staying eighteen months in Derbyshire. If 
slipped out of the country, obsessed by tlw 
idea that Hume, who had shown him even 
kindness, was his enemy. Indeed, dm me 
his remaining years, spent in different p.nt- 
of France, where lie was unmolested. If 
suffered from imaginary enemies and spf- 
and his only sane writings were those wl rich 
tell of his Musings in Solitude, and vei' 1 ' 
“ the melodious expression in the musi- "j 
prose of a darkened spirit which yet Lm 
imaginative visions of beatitude.” Rous-« 111 
died suddenly on July 2, 1778, under ! ' 11 ' 
cumstances that suggest suicide, though 
doctors certificate named apoplexy as die 
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cause. During the last few years of his life 
lu- was poorer than usual ; and he had 
always been poor. 

I lie influence of Rousseau’s writing 
, h landed largely on the surroundings in 
tin midst of which he wrote. The feeling 
wa- abroad that there was something very 
wrong with the world, and in whatever he 
wrote he began by clearing the ground 
,»i all existing institutions, traditions, 
met hods. In his prize-seeking “ Discourses ” 
In * simply swept away civilisation and all 
tin* sciences and made a new start, as if with 
tin- primitive man whom he imagined as 
the best of men. Was it Governments that 
he was considering — then he ruled out 
kings, aristocracies, and all existing powers, 
ami based the State upon a social contract, 
between each individual and the whole 
mininunity. Each individual surrenders his 
will to the will of all in order that he may 
in l ive protection, and the whole com- 
munity is pledged in return to defend him 
fioin injustice. The whole community is 
thus sovereign by the will of each member 
nl the community, and kings or other 
gnvernors have no powers but by popular 
;iwnt. The sovereign people living in equal 
I'itizenship became the watchword of the 
Involution that followed when Rousseau’s 
influence had done its work. \\ as it educa- 
tion that he was dealing with- then he 
'•wept away the existing methods. The 
•liihl is born good, was his cry; beware how 
\<>u contaminate it by a falsi* education, 
till the age of twelve lie would not let the 
«'lii!d know what a book is. He would 
< vreise the body, the senses, the perceptive 
powers, but in t lie simplest way while* child- 
hood is ripening naturally, sheltering it 
meantime from harmful experiences. The 
aim of early education must be to prepare 
l"i the complete living that comes later. 
The education must be an education by 
things through the senses, and not an edu- 
ction of Avon Is which to the child means 
hi lie or nothing. The child should have the 
• banco of acting for itself, thinking for 
it"»‘lf, and not be directed, blit only unob- 
tnidvcly guided. In all this was much 
k""d sense — with some exaggeration but 
hn wiser than the rule-of-thumb methods 
th.it Rousseau sought to sweep away. He 
h;»'ed education on a study of the child. 

but in all his writing Rousseau, the 
"mtenmer of words, was chiefly a word- 
s p' nncr. His knowledge of life was limited. 
Hi" theories were all sudden thoughts, 
bii'h he built up by wordy defences. The 
^t.ite he imagines is not a real State the 


child he teaches is not a real child living its 
necessary life, any more than his “ noble 
savage ” was a real savage. The systems he 
builds up are, as Morley conclusively argues, 
but expansions of his own phrases, “ logical 
deductions from his own verbal definitions, 
wholly meaningless in connection with real 
human nature and the visible working of 
human affairs.” 

But Rousseau caused people to pause by 
his bold contradictions and paradoxes ; lie 
did so by virtue alike of the freshness of his 
thought and the charm of its expression. 
Untrained as a writer till hi* reached middle 
age, he had “ the gift of the golden mouth,” 
and he was the first genuine man of the 
people to interpret the dumb masses. “ It 
was in Rousseau that polite Europe first 
hearkened to strange voices and faint 
reverberations from out of the vague and 
cavernous shadow in which the common 
people move.” 

LORD SHAFTESBURY 
Saviour of the Children and Civiliser of England 

Anthony Ashley Cooper, seventh Karl of 
Shaftesbury, was born in London on April 28, 
1801, educated at Harrow and Oxford, and 
sat in the House of Commons for practically 
a quarter of a century before succeeding his 
father in the peerage. His name and record 
are inalienably associated with most of the 
great social reforms of the nineteenth cen- 
tury, and particularly with all the faclory 
legislation of the period. At the outset it is 
to be noted that, salutary as were many of 
his achievements, lie was a man of curiously 
unequal mind. He hated the Reform Act, 
yet himself compassed reforms infinitely 
more drastic than those provided by that 
measure. He feared to trust the democracy 
of his own country with the ballot, yet 
toiled to win unqualified emancipation for 
the slaves, and to secure civil and political 
liberty for the Poles. He was the friend of 
all Jews save those who desired the abolition 
of the cruel disabilities by which their lives 
in England were embittered. He sought 
to evangelise the world, yet bitterly de- 
nounced exponents of any religious tenets 
but his own ; voted against tin* appointment 
of Temple as Bishop of London ; and cha- 
racterised “ Ecce Homo ” as “ the most 
pestilential volume ever vomited, I think, 
from the jaws of hell.” There is sometimes 
but a step between noble zeal and a con- 
dition bordering on fanaticism, and occa- 
sionally Lord Shaftesbury’s ardour for the 
right impelled him to equally vehement ad- 
vocacy of intolerance. 
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But in the social regeneration of England 
his uncompromising hatred of wrong and 
injustice was perhaps, on the whole, the 
greatest driving force for good in his age. 
Other men felt as strongly, but he had the 
unique advantage of appealing as a pat- 
rician on behalf of the humblest, the least 
articulate of the nation. He was a bene- 
volent Dives voicing the woes of the 
children of Lazarus. It was a new and 
startling role for a scion of a noble house. 
Even his family did not (dearly understand 
his purpose. When, at fifty years of age, he 
succeeded his father, he was generally 
recognised as one of the great Christian 
leaders of his generation. Yet his sister 
gravely said to him : “Now that you have 
come into the title you must learn to swear ; 
your father always did, and gained great 
respect by it in the country." It was 
by bestowals of blessings upon humanity 
rather than by curses flung at the heads of 
rustic neighbours and dependents that he 
preferred to deserve immortality. 

The historian of the Victorian era must 
never disregard the life of Lord Shaftesbury 
if he would rightly depict the age. \\ ritten 
as an ordinary chronicle of the times, the 
story might seem the sour concoction of a 
Poc turned annalist, or of some malignant 
partisan determined brutally to caricature 
the age through which his father lived. 
But every Bill proposed, or Act passed, at 
the instance of Shaftesbury, constitutes an 
indictment of nineteenth-century England 
more damning than any that her bitterest 
foe could draw. He had to attack a system 
unique in utter wanton savagery, a system 
touching the lives of old and young, of the 
afflicted and the normal. 

A typical example was to be found 
in the lot of the insane, on whose behalf 
Shaftesbury toiled for nearly sixty years. 
When he began his crusade these helpless 
wretches were treated as entertaining wild 
beasts, “ chained together on beds of 
straw, naked, handcuffed, and shown at 
twopence a head for each visitor." The 
actually insane were few ; those in danger 
of being driven insane were multitudinous. 
The bulk of the nation were the victims of 
conditions which the “ Times," writing at 
the death of Shaftesbury, upon his factory 
legislation, described as follows : “ Slavery 
in the West Indies had nothing worse in 
comparison to show with it. In the manu- 
facturing districts wages were at a starvation 
rate, and the children were literally worked 
to death — murdered by inches . . . There, 
were everywhere a dreadful reality of oppres- 
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sion, and a fearful sense of injustice, <» 
intolerable misery and of intolerable wron > 
more formidable than any causes wlii:l 
ever led a people to insurrection." 

The factory legislation which he succeeds 
in passing left the circumstances of tin 
workers far from perfect, but at least it w,i 
no longer possible to say, as in the days <> 
his fighting he and a Royal Commission lu< 
to report, that in many of the great maim 
facturing towns children under seven, am 
sometimes under six years of age, worlm. 
fourteen, fifteen, and sixteen hours a day 
that they were beaten with sticks am 
straps and rollers, or immersed in cu 1 « 
water to keep them awake ; that they lm< 
no interval for breakfast or tea ; that tin 
crippled and distorted might be nuinbcrn 
by hundreds, perhaps thousands, in a singli 
city ; that little children in cotton-mills, ii 
tending the machinery, had to walk Iron 
twenty to thirty miles a day. In fact 01a 
districts as many persons died under tin 
age of twenty as under forty in any otlic 
part of the country ; in Manchester lml 
the population died under the age of thin 
years. Against opposition which makes 11 
blush today for men such as the Lon 
Althorp of the day, Peel, and Bright 
Shaftesbury worked on to victory and tin 
Factory Acts. 

He went everywhere and saw every 
thing into mills and factories, down tin 
mines, into tin* awful homes of the 1 people 
The conditions in mining districts smi 
incredible today, but the legislation enactc< 
resulted from the evidence of a Rov;i 
Commission, and is beyond challenge 
That evidence showed that children wen 
consigned by their parents practically fnm 
the cradle to the coal-pit, to perpetim 
labour ending only in incurable disease am 
death. Women toiled like beasts of burder. 
half naked, in noisome mines, surrounded b' 
an atmosphere of indescribable vice am 
corruption* They were harnessed- tin 
women and the children — with chains, lik« 
animals, to trucks, and pursued their labmi 
under the most galling and painful con 
ditions, frequently for eighteen hours a d.n 
— hauling, pumping water from flooded pit. 
women carrying half-hundredweight loan 
of coal up ladders which, in the aggregate 
equalled thelheight of St. Paul’s Cathedral 

“ In the West Riding of Yorkshire 
the reformer told Parliament, “it is n»* 
uncommon for infants of even five years t- 
be sent to the pit. About Halifax and tl; 
neighbourhood children are sometim 
brought to the pits at the age of six yearn 
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a nd are taken out of their beds at four 
(Vdnck. Near Oldham children are worked 
a> low as four years, and in the small 
n.llieries towards the hills some are so young 
that they are brought to work in their 
bedgowns.” It was in 1840 that he took 
up this crying scandal, with its wholesale 
l ( ..alised murder of women and children, its 
widespread dissemination of disease, and 
r \t‘vv circumstance of “coarse and loath- 
some exposure to which savage life hardly 
ailoided a parallel.” And yet, in spite of 
this evidence of frightful immorality and 
bestiality and of the deaths of mothers and 
tlu-ir children, the coal-owners declared 
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di.it with a modification of the conditions 
fin \ could not work their mines at a profit, 
jind practically with one voice cried : 
" Hands off the mines ! ” Pease, of 
Darlington, had said much the same thing 
the Factory Act : “ If the hours of labour 
were abridged, he must, unless he submitted 
t () torture and overdrive the children, 
inevitably close his manufactory ! ” 
Another beneficent Act secured by Lord 
^1‘dtesbury was that which abolished 
( liimney-sweeping by boys. Children of 
lr,, in four to eight years were sold by their 
pan-nts to men who employed them to 
intro their way up chimneys and clear away 
d h * soot. Beginning the day’s work at 
^lin o or four in the morning, they would 


often be half choked in the flues, and, faint- 
ing, would die where they were wedged, 
unless the fire of straw lighted below as a 
restorative or alarum brought them to their 
senses. If they escaped death in this wav, 
they ended their unhappy days, as a rule, 
from the effects of a terrible malady — 
chimney-sweeper’s cancer. Here, * again, 
Lord Shaftesbury met fierce opposition 
If these little valueless lives were to be 
spared, ail Englishman's house was no 
longer his castle; he must actually alter his 
chimneys, or arrange to have them 
mechanically swept ! 

If he had done nothing but introduce 
justice and mercy into factories and mines, 
Lord Shaftesbury’s memory would deserve 
imperishable! renown. But a host of other 
reforms are associated with his name. 
They are part of the history of the nine- 
teenth century, and must be sought in 
detail elsewhere. He was not unaided in 
his noble work of reform, but he was the 
one strong man in Parliament who feared 
neither Cabinets nor caucuses. He got his 
information first-hand from personal inves- 
tigation, and made the world ring with his 
story of the wrongs and villainies perpe- 
trated, in the name of British industry, 
at the cost of the poor, the weak, and the 
lowly. With all his little prejudices and 
eccentricities as to certain causes and 
classes, Lord Shaftesbury was clearly one of 
the noblest-hearted men of the age which 
he redeemed from the grossest of its 
barbarities. He died, universally mourned, 
at Folkestone, on October 1, 1885. 

THOMAS TELFORD 

The Herd-Boy who Became the Master Road, 
maker 

Thomas Telford, one of the greatest of 
British engineers, was born, the son of a 
humble shepherd, at. Westcrkirk, Langholm, 
in the Eskdale district of Dumfriesshire, 
on August 9, 1757, and, left fatherless at 
an early age, was engaged as herd-bov 
until his fifteenth year. Then, having had 
a little schooling, he was apprenticed to a 
.stonemason, and, while plying mallet and 
chisel, was fashioning his mind on the poems 
of Burns and Milton, lent him from the 
small library of a lady who became in- 
terested in 11 Laughing Tam,” as the 
cheerful son of poverty was known. He 
was still a journeyman mason, earning nine 
shillings a week, when he blossomed out 
as a poet, and found himself in print in an 
Edinburgh magazine. Two profitable years 
of experience in Edinburgh at his calling 
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paved the way to London, where he worked 
on the new Somerset House, passing thence 
to Portsmouth, to gain his first considerable 
position as superintendent of a house which 
was being built for the dockyard com- 
missioner. Here he had a valuable insight 
into dockyard methods and requirements, 
and then passed on to Slirewsbury, just in 
time to gain the post of surveyor of public 
works for Shropshire, a position in which 
he so well justified himself that he was next 
appointed engineer and architect of the 
Ellesmere Canal, by means of which he was 
to connect the Mersey, the Dee, and the 
Severn. This was an undertaking far 
transcending those of Brindley, and in some 
respects it was another Brindley who was 
to see the thing through. 

Telford had learned nothing but the 
three R’s at school ; he had had no engineer- 
ing training ; he had no capital with which 
to engage expert advisers. The plans had 
to be evolved in his own brain and to find 
expression in iron and masonry in forms 
such as the world had not before seen. 
The aqueducts over the valley of the 
Ceiriog at Chirk and over the Dee at Pont- 
Cysylltau show how he rose to the chal- 
lenge. Brindley’s wonderful pioneer work 
along the same lines did not help him ; he 
had to better the Brindley scheme, and to 
do so meant providing entirely new means. 
The efforts of pioneers must always be 
eclipsed by those of their successors, and 
it in no wise detracts from the magnificent 
work of Brindley to say that Telfords 
aqueducts were infinitely better. The 
water was carried across, and the barges 
upon the water, in huge troughs of iron 
supported upon lofty columns of masonry ; 
Brindley’s had beds of puddle-day. The 
Chirk aqueduct bore the canal across a 
distance of 700 feet of river and valley, 
70 feet up in the air, while the aqueduct 
over the Dee, which was 12 1 feet above 
low water, was nearly twelve feet in width 
and over a thousand feet in length. The 
work was so revolutionary in character, 
yet so successful, that on its completion the 
young engineer was practically commis- 
sioned to build a new London Bridge, and 
was deterred only by technical difficulties 
about the necessary approaches — difficulties 
which engineers of our own days find at 
times almost insuperable. Many other 
fine works were carried out by Telford at 
this time in the West Country, and then he 
was called to a national work in Scotland. 

He had to build the Caledonian Canal, 
which bisects Scotland, so that a ship 
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entering the Moray Firth on the eastrri 
coast proceeds to Ireland by way of L<»<i 
Linnhe on the west coast. The work ■ 
a million pounds and took eighteen yr ;ir , 
to complete. The canal has twenty-eight 
locks, and rises at the southern end nim t\ 
feet in eight miles, a climb effected h\ 
eight mighty locks, which Telford pir. 
turesquely described as Neptune’s staircase. 
In the end the canal did not attract tin 
traffic that had been expected, and was or 
that account a disappointment to it* 
builder. But the canal itself was really oj 
less account to Scotland than the in- 
cidental work attending it. Telford did foi 
Scotland during this time that which \u 
arc now doing for Africa ; he gave it high- 
ways and bridges, harbours and habit a 
tions. Scotland had few roads other tliai: 
those which had been constructed foi 
military purposes ; that peace required hei 
highways no one had dreamed. Hena 
there were few proper roads ; hamlet w 
isolated from hamlet ; such roads as <li< : 
exist were in the main without bridges, and 
as to many of them, ran along the coast 
to be submerged by every tide. Tel f mV 
not only cut a way through the land frnn 
sea to sea, but opened up the heart of llu 
land by a network of fine new roads, whili 
he spanned old roads with bridges ami 
built harbours and wharfs for shipping. 
Over a thousand miles of roads, with sonu 
six-score bridges, besides churches, manses, 
harbours, and fishery stations were added 
to the possessions of the land of his birth. 

The outward and visible evidences <>! 
civilisation followed in his train. Well 
might he boast that he had advanced tin 
country by a hundred years. Where befnn 
women had toiled with packs of mercliandw 
on their backs, the way was open to wheeled 
vehicles ; where the crooked bough of 
tree had been dragged by hand as plough, 
the modern implement of agriculture \va* 
introduced. But a still more potent in- 
fluence diffused from the actual works wit h 
which he was immediately associated. 
Telford had to train his own men, to tcarli 
them to make tools and to handle them. 
Over three thousand men at a time wen 
under his watchful care, and he was able t( 
say, “ These undertakings may be regarded 
in the light of a working academy, f 11,111 
which eight hundred men have annualh 
gone forth improved workmen.” No riclu'i 
gift was ever bestowed upon Scottish in- 
dustry, for, as has been repeatedly shown 
in this work, the crying need of Scot lam 
was for skilled craftsmen. 
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Telford’s next great work was the 
building of the noble highway from London 
to Holyhead. It remains a noble highway t o 
r jii-, day, and is more appreciated, now that 
f| lt . motor-car has restored public roads 
l(l their ancient use, than it was for two 
-^iterations after its construction. The 
pud ends, or did end, on the coast of 
Carnarvon ; Telford made it leap the Menai 
strait by means of a magnificent bridge. 

Until then the treacherous sea passage, 
with an occasional rise in tide of 30 feet, 
had to be made in frail ferry-boats. Telford’s 
bridge, 1710 feet long and 100 feet above 
high tide, carries the road across the sea. 
on (o Anglesey, and then on to Holyhead 
Island, where the seaway to Ireland is open. 
The bridge, begun in August, i8iq, was 
rompleted in April, 1825. Telford was him- 
self in attendance, and when friends called 
dLTwards to congratulate him upon his 
success, they found him on his knees in 
prayer. After this Telford carried out many 
fine canal schemes. There was much talk 
M steam railways at the time. When the 
line between Manchester and Liverpool was 
piujected, he refused an offer of £1000 a 
\ear, because he feared that railways would 
In* inimical to the interests of the men for 
whom he had built canals. 

Rennie put the refusal on other grounds. 
Telford, he says, did not believe that steam 
1 ailways had a future. His Birmingham 
f Vma I, as a matter of fact, was constructed 
in opposition to a scheme for a railway, and 
Rennie says that Telford laughed heartily 
when lie succeeded in linking Birmingham 
t<> Liverpool by waterway in place of the 
‘•leel road which had been suggested. “ The 
tact is that Telford having been bred in the 
»lil school, and having seen the triumph of 
anals, could not, or would not, believe in 
the efficacy of railways, or that they would 
vn succeed.” Naturally he did not wish 
in sno his noble work on the Holyhead road 
superseded. Smiles holds, however, that. 
Lltordhad conscientious scruples against 
l( n pting a fee for work done in opposition 
l " the canals. 

Such a thing would be characteristic of 
^ lf ‘ mail. Telford cared nothing for pecuni- 
d, 'V reward. The bulk of the magnificent 
"’°i 1 < carried out by him in Scotland under 
British Fisheries Society was done 
■gratuitously, and his professional fees were 
that a deputation of engineers once 
Sh aded to expostulate with him. He was 
j ls o nerous in his gifts as he was modest in 
ns demands, and, in addition to establishing 
libraries in the neighbourhood of his old 


home, he helped the poorer inhabitants 
every winter with gifts of money. Through- 
out his life he was of a gay and happy 
disposition, and when the hostel at which 
he lived in London changed hands, such was 
his popularity that, when he proposed to 
leave, the new proprietor said, ” What, 
leave the house ? Why. sir, I have just 
paid £750 for you ! ” Among his main 
friends were the chief poets of the day. 
Southey and Campbell, who loved him for 
his splendid personal qualities, were both 
benefited at his death by legacies. It 
was Southey who aptly named him the 
” Colossus of Roads.” 

Telford’s reputation extended to the 
Continent, where he built the Gotha Canal. 
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linking the Baltic with the North Sea. 
Many fine monuments remain to attest his 
skill" and industry, such as the harbours of 
Wick, Dundee, Peterhead, Banff, Fraser- 
burgh, Fort rose, Cullen, Kirkwall, and 
Aberdeen ; and such bridges as the Conway, 
the Broomielaw in Glasgow, and the Dean 
in Edinburgh ; and, as to canals, the 
Macclesfield, the Birmingham and Liverpool 
Junction, the Gloucester and Berkley, the 
Weaver system, and the great tunnel of 
ij miles on the Trent and Mersey scheme. 
Telford, who was actively at work until 
past seventy — the St. Katherine’s Docks, 
London, being his last big scheme — died in 
London on September 2, 1834, and was 
buried in Westminster Abbey. 
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LORD RAYLEIGH AT WORK IN HIS LABORATORY, AS PAINTED BY MR. PHILIP BIIWNF-Jc ' 1 ^ 


From a photograph by Mr Frederick Hnllyer. 
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GROUP 6; THE SEARCHERS OF MATTER AND ENERGY 5 

CHEMISTS & PHYSICISTS 


IORD RAYLEIGH -THE MOST EXACT EX- 
PKRIMENTKR OF THE AGE 

RFNF. ANTOINE DE REAUMUR -THE 
INVENTOR OF A THERMOMETER 

WILHELM RONTGEN — HOW PHOTOGRAPHY 
LEI) TO A GREAT DISCOVERY 

LKNEST RUTHERFORD - A BRILLIANT 
STUDENT OF RADIO-ACTIVITY 

CARL SCHEELE- AN APOTHEC ARY WITH 
A GENIUS FOR EXPERIMENT 

FREDERICK SODDY- AN ALC HEMIST OF 
THE NEW SCHOOL 

SIR GEORGE STOKES- A GREAT MATHE- 
MATICIAN 

LORD RAYLEIGH 

The Most Exact Experimenter of the Age 

Lord Rayleigh is a man of the calibre of 
Lord Kelvin. He has probably l I k* widest 
outlook on science of any living man. He 
has worked in all branches of physical 
research, and touched few subjects that 
he did not advance. Moreover, lie is a fine 
representative of a class of workers which 
n the (‘special glory of our country. In 
other lands the advancement of science is 
undertaken almost entirely by professional 
nun working at. a salary in universities and 
other centres of learning, or studying and 
driving for professorships. 

Hut the greatest of our modern nun of 
M-inice, Darwin, was a country gentleman, 
h'houring simply for the love of truth, and 
using his wealth and leisure for the benefit 
of the human race. The Strutt family, 
to which Lord Rayleigh belongs, is as 
n markable as the Darwins for Its passion 
lor scientific research. Both his brother 
; *ud his son have followed the same path 
i» life as Lord Rayleigh. 

Born in Essex on November 12, 1842, 
the famous physicist entered Trinity College, 
Cambridge, in i8(n, and there gained the 
'(id motion of being the only peer to become 
^nior Wrangler. A mathematician of 
Kniius, he took up the study of optics, and 
allowed that the blue colour of the sky is 
f lue to the shorter waves of light being 
pattered by the fine particles suspended 
111 the air. He considerably extended our 
knowledge of optical instruments, proving 
that under certain conditions little advan- 
ta ^‘ was gained in using a lens, and that a 
tth -rope could be made simply of an 
a pm ure with an eye behind it. By his ex- 
periments on this subject he did much to 
J^p'darise pinhole photography. Indeed, 


ROBERT JOHN STRUTT— A BRILLIANT 
FATHER’S BRILLIANT SON 

SILVANUS PHILLIPS THOMPSON -A MAS- 
TER OF ELECTRICAL SCIENCE 

SIR J. J. THOMSON— THE DISCOVERER OF 
ULTIMATE MATTER 

EVANGELISTA TORRICELLI— A COLUMBUS 
OF THE WORLD OF AIR 

JOHN TYNDALL -EXPERIMENTER AND 
EXPOUNDER 

JACOBUS VAN’T HOFF— REVOLUTIONISE!* 
OF ORGANIC CHEMISTRY 

THOMAS YOUNG— WHO UPSET SOME OF 
NEWTON'S IDEAS 

by working out the problem of stopping 
or shutting down the lens he improved 
photographic art generally. His great work 
on the thorny of sound was completed in 
1878. It is one* of the classics of modern 
physics and mat hematic's. Recently Lord 
Rayleigh has been attracted by the mathe- 
matical problems of mechanical flight, and 
lias contributed some important papers on 
the matter. 

Ilis most popular achievement was the 
result of a piece of laborious revision of 
some of the simpler studies in chemistry. 
About 1882 he decided that it would be 
well if the densities of the principal gases 
were redetermined. The job was ap- 
parently just one of those unexciting pieces 
of laborious, useful research that would 
only after! the figures given in the dullest 
part of textbooks. Lord Rayleigh began 
by going over the work of the men who had 
studied the gases of the atmosphere. 
Nothing of note occurred until lie came to 
the study of nitrogen. This element he 
obtained in two different ways l.e ex- 
tracted nitrogen from the air, and he also 
prepared it from ammonia. He found that 
the ammonia nitrogen was about 1- 200th 
less weighty than the atmospheric nitrogen. 
Naturally, lie thought at first there was 
some error in his methods of experiment. 
Most men of science would have regarded 
the slight difference as an allowable margin 
of error in the production of nitrogen from 
different sources. 

But Lord Rayleigh had set out with the 
aim of arriving at more exact results than 
his predecessors-. He repeated his ex- 
periments, until he was absolutely certain 
that he was not responsible for the 1-200 h 
difference in the weights. In his private 
laboratory at Terling, in Essex, his instru- 
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mcnts were often of the crudest kind — 
appliances made by himself from sealing- 
wax and anything that was handy. But 
the exquisite care and the foresight with 
which the researches were conducted and 
repeated in different ways convinced him 
that there was something unknown in 
ordinary air that mingled with atmospheric 
nitrogen and added to its weight. 

So he set out to discover this unknown 
element, and Sir William Ramsay volun- 
teered to undertake some of the experi- 
ments. The two researchers checked and 
controlled each other by adopting different 
methods. Lord Rayleigh used the electric 
discharge, while Sir William Ramsay passed 
the atmospheric nitrogen over heated 
magnesia. The results agreed ; and in a 
joint memoir the two men announced that 
they had discovered a new element in 
ordinary air, to which they gave the name 
of argon. Lord Rayleigh also pointed out 
that even the presence of argon did not 
account for the difference in weight between 
atmospheric nitrogen and pure nitrogen. 
So Sir William Ramsay worked on this 
fresh problem, and discovered new elements. 

Lord Rayleigh, in response to a memorial 
presented to him, acted for some years as 
the successor to Clerk Maxwell at the 
Cavendish Laboratory. He has also 
worked for the Board of Trade in devising 
methods of gas -testing and electrical 
measurements, and he has helped the War 
Office in investigating the scientific aspect 
of big guns and other explosive weapons. 

RENE ANTOINE DE REAUMUR 
The Invenlor of a Thermometer 

Ren <5 Antoine Ferchault de Reaumur, one 
of the most versatile of the older school of 
men of science, was born at La Rochelle, on 
the Bay of Biscay, on February 28, 1683. 
The son of a judge, he took up at first the 
study of law, but, acquiring a livelier 
interest in science, he went to Paris at 
twenty, and there astonished the learned 
world by his genius in mathematics. In 
1708 he was made a member of the Academy 
of Sciences, and for the rest of his life he 
was absorbed in the pursuit of various 
kinds of knowledge. 

As lie possessed a splendid fortune, he 
was master of his career, but, unlike many 
men of wealth, he scorned delights and livecl 
laborious days, making a noble use of his 
opportunities. He is best known by the 
thermometer named after him. In point 
of date his invention comes between that of 
Fahrenheit, of Dantzig, and that of Celsius, 
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of Upsala. He used spirit instead of men m v 
in his instrument for measuring heat, anil 
fixed his freezing-point at 0 and his boiling* 
point at 80. It is certainly more o, n . 
venient, especially in scientific calculations 
to take zero as the freezing-point, an<i 
Reaumur deserves credit for first doing this 
But since the decimal system of measure- 
ment has come largely into general us< r, n 
the Continent, and widely into scientific u N . 
in our country, Celsius’s later improvement 
of dividing the space between freezing-] mint 
and boiling-point into a hundred parts has 
tended to antiquate Reaumur’s instrument. 
The Frenchman’s thermometer is now only 
used in Germany and Russia. In England 
we keep to the earlier invention of t lk- 
German Fahrenheit, while France uses the 
Swedish invention of Celsius. 

But his thermometer is not Reaumur's 
only title to fame. He made important 
discoveries in physics, natural history, ami 
the industrial arts. Reaumur died on 
October 17, 1757. 

WILHELM KONRAD RONTGEN 

How Photography Led to a Great Discovery 

I11 the ordinary course of events, Wilhelm 
Konrad Rontgen would still be a hard- 
working German professor, doing useful 
work on the problems of elasticity and tin- 
specific heat of gases. His fame is largely 
due to the fact that he is a man with two 
useful hobbies — glass-blowing and photo- 
graphy. Born at Lenncp, in Prussia, on 
March 27, 1845, he studied at Zurich uiulei 
Kundt, and, becoming assistant to In- 
master, followed him to Wurzburg in iMj". 
After a successful career in other German 
towns he returned in 1888 to Wurzburg a-* 
professor of physics. After Hertz ami 
Lenard had found that the visible ray pro- 
duced by an electric discharge in a vacuum 
glass tube could pass through a thin sheet 
of metal, Rontgen, like many other men ol 
science, began to experiment in the same 
direction. Having studied glass-blowing, 
he was able to save expense, and also to 
amuse himself, by blowing glass tubes of 
curious shape, and using his own powerful 
lungs to empty them of most of the air they 
contained. By then employing the ordinary 
means of making a vacuum, he obtained a 
more rarefied condition in his tubes than 
ordinary experimenters did. 

In 1892 he made a vacuum glass globe, 
with S-shaped tubes at either end. He 
rightly regarded the visible rays as electri- 
fied particles, and he wanted to see if, uhen 
they traversed the bends of the tube, any 
signs of friction would be visjble. 1 He* 
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t x|vi iment was without any apparent result. 
Hr made it on a desk heaped up with 
|,o« ks, glass tubes, * and photographic 
nl ;iu*rial. A large book he had just been 
reading rested on a photographic plate, and 
m t he book was a key that he often used as 
;l bookmark. On returning from lunch, 
lie took up the photographic plate in the 
ordinary way, and employed it in photo- 
graphing an outdoor scene. When he devel- 
oped the negative, the shadowy outlines of 
a key were clearly visible on the plate. He 
asked all his students if they had been 
doing anything with his photographic 
material, and, on being assured that no one 
lud touched the plate, he resolved to get to 
the bottom of the mystery. The next morn- 
ing lie arranged the things on his desk in as 
exactly the same position as he could 
remember. He sent an electric charge 
tluough his new tube, and developed the 
plate beneath the book, and found the 
picture of the key again on the negative. 

Greatly interested, he experimented with 
other objects, and found that the strange, 
invisible ray from the glowing tube would 
penetrate other things besides the leaves of 
a hook, but he could not for some months 
find any way of making the mysterious ray 
visible. Suddenly it struck him that, as 
the glass of the tube became fluorescent 
when an electrical discharge was sent 
through it, other substances might be made 
to glow by the unseen ray. 

He put aside all other researches, and, 
excluding all visitors from his laboratory, lie 
^‘t to work with his research students to 
test t lie fifty substances of a fluorescent 
nature. He found that barium platino- 
< vanide gave the brightest glow when the 
Grange ray struck it. When a screen 
coaled with these crystals was placed 
behind a black cardboard, the invisible ray 
became visible by the glow it made. So — 
bv<> years after his first chance discovery — 
kbiitgcn was able in December, 1895, to 
announce to the scientific world the exist- 
ence of the X-ray. Being unable to ascer- 
tain the character of the ray, he called it by 
tlu* symbol X that is generally used in 
>‘i; nce to denote an unknown quantity. 
I la crowning discovery of the nature of the 
the X-rays has recently been made. It is 
formed of electric waves, extremely small 
1,1 length. At the present time Professor 
Kontgen holds the Chair of Physics at 
-uunieh University. He is one of the com- 
paratively few scientific men who, when 
f ly ing, have made their names known 
rfn 1 -\ cry civilised land. 


ERNEST RUTHERFORD 
A Brilliant Student of Radio«Activity 

Professor Ernest Rutherford, the dis- 
coverer of the transmutation of the elements, 
was born at Nelson, in New Zealand, on 
August 30, 1871. His brilliant career is a 
striking example of the value of scientific 
scholarships in helping able students to 
acquire and master the increasingly ex- 
pensive instruments of modern research. 
Excellent work may no doubt still be done 
in various fields of science by men possessing 
very simple instruments, but in the study 
of radio-activity, in which Rutherford has 
distinguished himself, both money and in- 
fluence are necessary simply to obtain a 
minute quantity of radium salts on which 
to experiment. Professor Rutherford studied 
at Canterbury College, in New Zealand, and 
in 1894 won a scholarship that enabled 
him to come to England and work under 
Sir J. J. Thomson, at the great Cavendish 
Laboratory, in Cambridge. 

The young New Zealander had taken up 
in his native country the study of electric 
waves.- He continued to work on the 
subject at Cambridge, and invented a new 
form of detector, which enabled him to 
send wireless telegraphic messages over a 
distance of half a mile. This lie accom- 
plished some time before Marconi succeeded 
in a similar feat. Rutherford also made a 
series of important researches at the 
Cavendish Laboratory on the motions of 
electrified atoms, on ultra-violet light, and 
on the mysterious rays emitted by uranium 
salts. The discovery of the uranium ray by 
Bccqucrel was the starting-point in the 
development of the wonderful science of 
radio-activity. Becqucrol himself misin- 
terpreted his great discovery, and con- 
sidered it merely a kind of fluorescence. 
Rutherford was one of the first men to 
show that the strange ray was not a form 
of light, but a new and important kind of 
force. So original was the work of the 
New Zealand student that in 1897 he was 
awarded the Coutts-Trottcr studentship). 

The next year Sir J. J. Thomson was 
consulted with regard to the choice of a 
Professor of Physics for McGill University, 
at Montreal. He pointed out that Ruther- 
ford, though quite a young man, had greatly 
distinguished himself by his originality, 
insight, and capacity for work. So in 1898 
Rutherford was appointed professor at the 
Canadian university. At Montreal, Ruther- 
ford continued his researches into the 
problems of radio-activity ; and one of his 
colleagues, Professor Owen, of the engin- 
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eering faculty, pointed out to him the 
peculiar inconstancy of the radiation of 
thorium, the rare earth used in making gas- 
mantles. Rutherford took the matter up, 
and in 1900 discovered the gaseous emana- 
tion of thorium, and showed that this 
emanation made other substances active. 
It seemed to him that the emanation was 
a gas, and a distinct form of matter. This 
meant that the element thorium was break- 
ing up into a new element. It was the 
beginning of the discovery of the transmu- 
tation of matter. 

At this point, a young Englishman, Mr. 
Frederick Soddy, came from Oxford to 
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McGill University as a chemical assistant, 
and worked under the direction of Professor 
Rutherford. Together they tried the effect 
of varying the physical conditions under 
which thorium produced its radiation ; and 
in 1902 they ascertained that the emanation 
came from a substance which could be 
separated from thorium. They proved that 
radio-activity was an atomic phenomena 
in which new types of matter are produced. 
Their views were strongly contested, but 
they have prevailed, and form, indeed, the 
basis of the science of radio-activity. 

Turning from thorium to the more 
powerful and complex radiations of radium, 
Professor Rutherford and his fellow-worker 
continued their magnificent course of dis- 
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coveries. In particular, it struck them tliat 
one part of the radiation consisted of t|„> 
light element helium, and this was < , M1 , 
firmed by experiments afterwards conducted 
by Mr. Frederick Soddy and Sir William 
Ramsay. In 1907 Professor Ruthertnnl 
returned to England as Langworthy Pro- 
fessor and Director of the Physical Labma- 
tories at the University of Manchester, 
where he has now created a school of re- 
search second only in importance to the 
Cavendish Laboratory at Cambridge, di- 
rected by his old master, friend, and 
admirer, Sir J. J. Thomson. 

CARL WILHELM SCHEELE 
An Apothecary with a Genius for Experiment 

Carl Wilhelm Scheelc was born on 
December 9, 1742, at Stralsund, the capital 
of Pomerania, which at that time belonged 
to Sweden. At fourteen the boy was appren- 
ticed to an apothecary at Gothenburg, and 
here he began his remarkable career in 
science. A few antiquated textbooks, and 
the ordinary apparatus of an eighteenth 
century apothecary, were all that he had to 
work on. With them, however, he trained 
himself to a dexterity in manipulation un- 
equalled by any other living man. At 
thirty-two Scheelc was still working lor 
other apothecaries, lacking the capital to 
set up for himself. He thought himself very 
fortunate, in 1775, when some scientific 
friends obtained for him a pharmacy, in 
which lie had to work until he had paid out 
the widow of his predecessor. He died in lib 
forty-third year — on May 21, 1786— still 
only a drug-seller, killed by working in bitter 
winter weather in the outhouse that served 
him as a. laboratory. 

Yet this obscure apothecary, living a lonely 
life in the small town on the shore of a 
Swedish lake, hampered by poverty, har- 
assed by debt, and sunk in melancholy, 
succeeded in changing the entire aspect <>t 
chemical science. Endowed with a wonderful 
gift of observation, Scheele carried out a 
long series of splendid researches with the 
most meagre of means. He was a pioneer in 
nearly every branch of his science. The pure 
joy in a discovery amply repaid him for the 
labour he spent upon it. Tackling, for in- 
stance, black oxide of manganese, that 
many able workers before him had vainly 
studied, he discovered, in rapid succession, 
four new substances — chlorine, oxygen, 
manganese, and baryta. He was ahead <’t 
Priestley in isolating oxygen, and his dis- 
covery of chlorine afterwards revolutionised 
the bleaching and dyeing industries. • 
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Again, bringing his inventive genius to 
l*. t u- upon organic chemistry, which waa 
i In n almost untouched, he worked out new 
nu t hods in every direction for isolating the 
products of vegetable and animal bodies, 
•uid prepared a considerable number of 
;l( ids and other organic compounds which 
had remained \in known. He laid the 
foundation of photography by showing 
that the effect of sunlight upon chloride of 
diver is to decompose it, and compel it to 
give up its chlorine. He also used silver 
chloride for analysing the spectrum of sun- 
light, and discovered that the violet rays 
had a stronger chemical action than the 
blue, yellow 7 , and red rays. 

Naturally a man could not make these 
discoveries without becoming famous. He 
was offered a well-paid position in Berlin, 
and some English nobleman, probably Lord 
Lansdownc, the friend of Priestley, offered 
to provide for him if he would come to 
England, but Scheele wanted neither 
money nor honours. He kept to his phar- 
macy, and pursued his experiments at the 
same, time, and worked himself to death 
before reaching the prime of life. 

FREDERICK SODDY 
An Alchemist of the New School 

Frederick Soddy, one of the most bril- 
liant of our younger men of science, was 
born at Eastbourne on September 2, 1877. 
From a school in his native town lie went to 
the University College of Wales, at Aberyst- 
witli, and proceeded to Merton College, 
Oxford. Here he devoted himself particu- 
larly to chemistry, winning first-class honours 
in 1N98. At twenty-one he went out to 
Canada as Demonstrator in Chemistry at 
the McGill University, at Montreal. No 
one would then have thought that Montreal 
would quickly become the scene of the most 
revolutionary movement in the history of 
M'ience. But another young -man of 
science at McGill University, Professor 
Rutherford, had just discovered some- 
thing extraordinary about thorium, one of 
the radio-active elements, and he communi- 
cated his discovery to Mr. Soddy, and 
they began their now famous partner- 
ship in research. They collected the 
emanation from thorium, and condensed 
jt by means of liquid air, and found 
it was a distinct, new form of matter, 
they then tackled radium, and split its 
ray into a number of smaller rays, each 
uitli properties of its own, and they dis- 
covered reasons for supposing that one of 
• thi.se rays was a form of helium. 


This theory Mr. Soddy helped to reduce 
to an actual, verifiable fact on returning 
to England and working with Sir William 
Ramsay at University College, London. 
After being appointed Lecturer in Physical 
Chemistry and Radio-Activity at Glasgow 
University, in 1904, Mr. Soddy undertook 
an interesting experiment to discover the 
parent element of radium. The experiment 
is not yet completed, for Mr. Soddy esti- 
mates that it takes many thousands of years 
for uranium to turn into lead, and radium 
is grown from it almost as slowly. But by 
1912 he obtained from uranium an infini- 
tesimal quantity of radium, and he was 
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able to conclude that uranium is not the 
direct parent of radium, for radium has 
a life of only about 2500 years. None of 
our present supply of this extraordinary 
element, that costs £750,000 an ounce, was 
in existence when Socrates was living. The 
radium of his (lay has disappeared, partly 
in helium gas and partly in electrical 
energies. Our modern radium has been 
grown afresh from its parent element. A 
substance intermediate between uranium 
and radium has be6n found by Boltwood 
in America, but as even this intermediate 
substance has a life of 30,000 years, it does 
not seem to be the mother of radium. 
There are probably some still • unknown 
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forms of matter, with a shorter life, from 
which radium is directly grown. On the 
search for them Mr. Soddy, like many other 
men of science, is now occupied. 

SIR GEORGE GABRIEL STOKES 
A Great Mathematician 

Sir George Gabriel Stokes, one of the 
master-minds of the Cambridge School of 
Science, was the son of an Irish clergyman, 
and was born at Skreen, in Sligo, on August 
13, 1819. Educated mainly by his father, 
who had been a scholar of Trinity College, 
Dublin, the boy displayed his originality of 
mind by making out new ways of doing 
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sums better than those in his books. He 
owed much to the teaching of Francis New- 
man, the brother of the famous Cardinal, 
who was mathematical master at Bristol 
College, where Sir George went for two years. 
At sixteen Sir George became interested in 
natural history. One day, on a walk with 
a friend, he failed to return the salutation of 
some ladies of his acquaintance. He called 
upon them afterwards to apologise, and 
explained he had been unable to lift his hat 
because it was full of beetles ! 

In 1837 he went up to Cambridge, where 
he was to live for sixty-six years. His 
mathematical abilities attracted wide atten- 
tion, and he graduated as Senior Wrangler 
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and first Smith’s Prizeman. In the same 

S he was elected Fellow of Pembroke 
?ge, and began to apply his remarkable 
powers of mind in original investigation*. 
Many of the standard theorems in ih. 
study of moving fluids were invented 1)V 
him. In 1849 Stokes had so distinguish, d 
himself that he was made Professor nl 
Mathematics as Cambridge ; arid by reason 
nDt only of his genius, but of his uncom- 
monly long life, he had a large and lasting 
influence in moulding the thoughts of tin- 
chief centre of scientific work in Britain. 

His achievements are so numerous and 
spread over so wide a field that a mere cata- 
logue of them would fill some pages. Tn 
optics he was the benefactor to the vast 
number of persons who suffer from astig 
matism. for he invented the first con- 
venient method of discovering this very 
common defect of vision. Perhaps his 
two great achievements are his discovery 
of fluorescence and his pioneer work in 
devising the means of studying the chemistry 
of the sun and the stars. As is well known, 
there are many waves of light which arc 
so short that our eyes cannot perceive 
them. Stokes discovered that if these 
invisible rays were passed through a solu- 
tion of sulphate of quinine they were 
lengthened and made visible. Improve- 
ments in photographic methods at lii>l 
diminished the scientific utility of thi- 
curious property of fluorescent substance^ 
but the fluorescent screen has again 
become a most valuable instrument in 
connection with the study and use <>l 
X-rays as well as of ultra-violet light and 
other invisible radiations. 

In 1854 Stokes made his greatest dis- 
covery. I 3 y putting some salt in the flame 
of the spirit-lamp, and viewing the light as 
it passed through a slit on to a glass prism, 
he obtained a certain dark line in die 
spectrum that represented sodium. He 
communicated his discovery to Lord Kelvin, 
who immediately introduced the experiment 
in Iris Glasgow lectures, and announced 1 1 i d. 
as a consequence of this discovery, solar 
and stellar chemistry had become possible. 

Following Stokes, he pointed out diat 
the way to find other substances besides 
sodium in the sun and stars was to compare 
the bright lines produced by each element 
burning in an artificial flame with di° 
dark lines seen in the spectra of heavenly 
bodies. The discovery of this extraordinary 
method of analysing the flaming matters 
of sun and stars is usually attributed to 
Kirchhoff, who also worked it out in . 
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[{ut there is a letter from Kelvin to Stokes, 
l.Ued March 9, 1854, m which he say%, 

■ Von told me about the experiment a 
[<>i -.g time ago.” 

1 he fact was, Stokes was always over- 
jautious by temperament. He refrained 
irnin publishing his discovery at the time, 
lu*, :iiise he doubted whether the effects 
might not be due to some constituent of 
sodium supposed to be broken up in the 
dn'tric arc or spirit-lamp flame. Hut his 
l.u ts and theories were sufficient to convince 
Kelvin, and would certainly have convinced 
in;my other men of science. Unhappily, 
Stokes became secretary of the Royal 
Society in 1854, and his administrative 
duties took up so much of his time that 
the ainqjmt of his scientific work was 
diminished. Among other things that he 
had to drop was the development of the 
l^i eat discovery of his life — solar and stellar 
chemistry. His over-cautiousness was also 
largely responsible for the prevention of 
the complete discovery of electric waves by 
Professor Hughes, who was using, long 
before Hertz took up the matter, his tele- 
phonic microphone in detecting the waves. 
Stokes died on February 1, 1903. 

ROBERT JOHN STRUTT 
A Brilliant Father’s Brilliant Son 

The Hon. Robert John Strutt, a dis- 
tinguished physicist of the younger school, 
was born 011 August 28, 1875, and was 
educated at Eton and Trinity College. 
Cambridge. The eldest son and heir of 
I.ord Rayleigh, co-discoverer of argon, Mr. 
Strutt inherits a faculty for science, and is 
already distinguished in the pursuits 
which rendered his father world-famous. 
Tlu 1 Strutts, father and son, are a supreme 
pu/zle to many American business men. 
The latter can understand that practically 
M‘lt-made men, such as Lister and Kelvin, 
dinuld toil through the exhausting labours 
( >1 the avowed scientist, but that men born 
to wealth and to a peerage should under- 
bike the burden of such thankless research 
i s to them incomprehensible. But in the 
•Jtrutt family son follows father — to as 
line results, we all hope. In 1865 John 
William Strutt, now third Baron Rayleigh, 
w;is Senior Wrangler, and for five or six 
veurs Professor of Experimental Physics at 
C ambridge. In 1897 Robert John Strutt, 
heir to the barony, took a First Class in the 
^ ttural Science Tripos, and three years 
kuer became a Fellow of his College. To- 
Tiv he holds the proud position of Professor 
>1 Physics at the Imperial College of 


Science, South Kensington, and is a fore- 
most authority on radio-activity. 

It was in conjunction with Sir William 
Ramsay that Lord Rayleigh made his 
discovery of argon. On the strength of 
Ramsay’s discovery that radium slowly 
evolves helium, Mr. Strutt was enabled to 
carry forward the work of his father’s old 
partner in science, and reveal to the world 
the fascinating story of the hidden mystery 
of Bath. Helium was found to issue from 
the best known of the hot mineral springs 
of Bath, and a thoughtful corporation 
caused deposits from, the pipes and tanks 
to be forwarded to Mr. Strutt. After 
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analysis, Mr. Strutt was able to announce 
that the red mud forwarded to him from 
the spring contained radium in appreciable 
quantities. “ When I speak of 4 appreciable 
quantities,’ ” he wrote, “ I mean quantities 
such that its presence may be easily de- 
tected. But the percentage of radium in 
the deposit is very much less than that in 
the ores from which it is now obtained.” 

Mr. Strutt has conducted valuable original 
investigations into the' nature and pheno- 
mena of radio-active matter. The special 
value of his writings upon science to the 
general public lies in their extreme lucidity 
and attractiveness. He possesses the in- 
estimable faculty of making an abstruse 

49.59 



HARMSWORTH POPULAR SCIENCE 


and recondite subject “ live.” When the 
average scientist takes pen in hand, what 
lie writes is frequently repellent to all but 
the initiated, who need no textbooks. It 
was with Mr. Strutt that there originated 
the suggestion that the mysterious X-rays 
consist of positively charged bodies pro- 
jected with great velocity ; and the ex- 
periments and theory of the young scientist 
were within a year confirmed and adopted 
by Sir William Crookes, who made all the 
experiments possible. Mr. Strutt’s tests 
show that helium is very generally en- 
countered in all minerals ; and there is 
reason to hope that his further researches, 
with those of the brilliant school of younger 
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physicists to which he belongs, will succeed 
in carrying us to a point from which our 
present-day knowledge will appear but the 
ABC of the subject of his special interest. 


doctor of science, and in the same year l| f 
was appointed Professor of Experimental 
Physics at Bristol. In 1885 he becaim 
Principal of the City and Guilds Technical 
College at Finsbury, where he has dnru 
much fine work both in training electrical 
engineers of the younger generation ami in 
original research on the problems of mag- 
netism and electricity. 

It was in 1883 that he made hiniselt 
known as a master of modern knowledge. 
His Cantor Lectures of that year showed him 
to be a leader in the science and practice of 
electro-dynamic machinery. He then took 
up the study of the electro-magnet, and 
after working for seven years on this 
subject he discoursed upon it in the Cantor 
Lectures of 1890. Five years afterwards, his 
work on the arc light, by which h^S perhaps 
most generally known, was also published 
in the form of lectures. He has contributed 
to the science of optics, improved the 
telephone, and made important researches 
on high-speed electric machinery in con- 
nection with the steam-turbine. He i\ 
indeed, one of the most versatile of our 
physicists of the experimental school ; lie 
touches no branch of knowledge that he 
does not advance. 

Genial in temperament, and a lover of tine 
conversation, he is one of the ornaments ot 
that quaint and brilliant club the Sette of 
Odd Volumes ; and his interest in anti- 
quarianism has led him to become an ad- 
mirable historian of electrical science. He 
possesses a choice collection of the earliest 
books on electricity and magnetism ; and 
for Gilbert of Colchester, on whom lie ha** 
written several times, he has an impas- 
sioned devotion. He is also an artist, and 
his water-colours and black-and-white 
sketches and etchings show a good deal ot 
native talent. As a trainer of cleetric.il 
engineers he is unsurpassed by any otlici 
man. Not only is he very patient and pains- 
taking, but he has the art of discovering 
the bent of mind of his numerous stwHiK 
and encouraging them in the development 
of their special faculty. 


SILVANUS PHILLIPS THOMPSON 
A Master of Electrical Science 

Silvanus Phillips Thompson comes of 
'Quaker stock, and was born at York on 
June iq, 1851. He was taught at the 
Friends’ School in York and at the 
Flounders’ Institute, Pontefract ; he also 
studied at the Royal School of Mines, and 
continued his scientific training at Heidel- 
berg. In 1878 he took his degree of 
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SIR J. J. THOMSON 
The Discoverer of Ultimate Matter 

Sir Joseph John Thomson, perhaps the 
greatest of living men ol science, was horn 
near Manchester on December 18, i‘ s 5 h - 
His interest in scientific research wa- 
developed at Owens College, Manche-ici. 
and he was well trained in experiments, 
work when he went up to Trinity Colic ^ 
Cambridge. Here he distinguished him^’ 1 
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l»y bis talent for mathematics, and gradu- 
ated as Second Wrangler and second Smith’s 
Prizeman in 1880. In the same year he 
became a Fellow of Trinity, and, taking up 
Sir William Crookes's theory of radiant 
matter, began to work, in 1881, at the 
electrical and magnetic effects produced by 
the motion of electrified bodies. 

Owkes had succeeded in creating a high 
vacuum in a glass tube, and had sent a 
(IKchcfrge of electricity through this vacuum, 
and produced a stream of radiant matter 
in the tube. This stream of luminous 
particles has been developed into a thing 
of the highest importance by increasing the 
vacuum in the tube. From it the X-ray 
has been obtained, and from it Sir J. J. 
Thomson has attained results which have 
overturned the foundations of the two 
related sciences of physics and chemistry. 

It was in 1897 that Sir Joseph made 
his great discovery. He placed powerful 
electro-magnets outside the vacuum tube, 
and then acted on the luminous stream of 
particles by means of an electric current 
flowing into the electro-magnets. » By 
finding out the exact amount of electrical 
energy necessary to counteract the electric 
•charge on the radiant stream in the tube he 
was able to calculate the amount of elec- 
t rieity on each of the luminous particles. He 
also measured the speed with which the 
particles moved in the vacuum tube. 
Having thus obtained by actual experiment 
a knowledge of the electric charge and the 
velocity of the particles, he was able to 
ascertain their mass or size. He expected it 
to be that of an atom, for he thought that 
the luminous particles produced by the 
electric discharge were formed of atoms. 
He discovered, however, that the particles 
were two thousand times smaller than the 
smallest known atom. 

1'his was so staggering a discovery that 
Sir J. J. Thomson sought for some other 
means of checking the results he had ob- 
tained. One of the most brilliant workers 
in his laboratory, Mr. C. T. R. Wilson, had 
found that electrified particles of matter 
acted as centres of condensation for water- 
vapour. Thomson introduced steam into 
Ins vacuum tube, so that the water-vapour 
condensed on each single corpuscle into 
which the atom had been broken. By 
measuring the visible mist formed by the 
condensation of water, he was able again to 
diow that the particles in his vacuum tube 
were much smaller than atoms. They were, 
in fact, the ultimate stuff out of which every- 
i liing in the material universe is made, 


Two thousand times smaller than the 
smallest atom, they were formed of charges 
of electricity in motion, and atoms were 
built out of them in somewhat the same way 
as our solar system is formed of a series of 
planets whirling around the suit. The sun 
of an atomic system, so to speak, is a large 
centre of positive electricity ; the plaitets 
are small centres of negative electricity. 
An electrical discharge through the rarefied 
gases of a Vacuum tube breaks some of the 
planets of an atomic system from the maiii 
body, and sends them in a stream of 
luminous particles against the glass wall of 
the tube. On striking against the glass, the 
electrons, as the inconceivably minute par- 
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tides are now called, set up a series of 
electrical waves. These electrical waves are 
so minute in length that they are quite in- 
visible. They penetrate through wood and 
flesh, and other material obstacles. They are 
the X-rays that Kbntgen discovered. 

If electrons are the ultimate stuff out of 
which atoms are formed, they should be 
found in radium, whose strange rays are 
produced by the breaking up of a radium 
atom into a helium atom. This has been 
done, and there are several other curious 
modern discoveries which confirm the ex- 
periments made by Sir J. J. Thomson in 
1897. He announced the result of his 
experiments at a meeting of the British 
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Association in 1899 ; and though some 
Continental physicists at first vehemently 
opposed his views, his facts and ideas have 
now become the base of modern chemistry 
and modern physics. 

Recently Sir Joseph has studied another 
variety of luminous particles which can be 
produced in a vacuum tube. These particles 
are atoms charged with positive electricity. 
By fixing a photographic camera at one end 
of the glass tube, evidence is obtained that 
an electric discharge through various kinds 
of rarefied gases results in the creation of 
numerous varieties of substances hitherto 
unknown by man. It is extremely likely 
that very few of these substances exist on 
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earth, save when they are created by Sir 
Joseph and the men who follow down the 
new paths of science that he opens. His 
method is really a kind of spectrum analysis, 
but it is much more delicate and subtle and 
far-ranging than any sort of spectroscope. 
Since 1884 Sir Joseph has been Cavendish 
Professor of Experimental Physics at Cam- 
bridge, and lie has trained some of the 
leading physicists in all parts of the civilised 
world. His pupils are, indeed, as important 
a part of his work as his actual discoveries. 
Indeed, some of them almost equal their 
master in originality, range, and power of 
mind. A man of fine nature. Sir Joseph 
takes more pride in the achievements of the 
men who worked under him than he does 
in his own discoveries. 
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EVANGELISTA TORRICELLI 
A Columbus of the World of Air 

Evangelista Torricelli, the inventor of 
the barometer, was born at Faenza, in Italv, 
on October 15, 1608. He was brought up 
by an uncle, an enlightened and thought lul 
man, who remarked that the boy was of an 
inquiring turn of mind, and sent him at tin* 
age of nineteen to Rome to study under 
Castelli, a famous professor of mathematics. 
Castelli had been entrusted by Pope* Urban 
VIII. with some hydraulic undertakings, 
and in helping his master in this work 
Torricelli was inspired to make some experi- 
ments with water that had important results. 

After reading the works of Galileo, the 
young Italian took up the study of fluids in 
motion, and he found that water in move- 
ment acted in the same way as a projectile 
or thrown body. Galileo had worked out 
the parabolic movement of projectiles, and 
by applying his ideas to the motion of 
water Torricelli founded the science ot 
hydro-mechanics. 

I'lie young man of science sent a paper on 
his discovery to Galileo, who was then Jiving 
at Florence, broken in health and old in 
body, but still alert and vigorous in intellect. 
The great Italian invited the young man to 
come and stay with him, and in 1641 Torri- 
celli went to Florence, and lived for three 
months with the master of modern science. 
But Galileo, then seventy-eight years old. 
died while Torricelli was still studying 
under him. 

By this time the genius of Torricelli was 
fully matured. After his master died there 
was no man in Florence equal to him in 
power and originality of mind. So he w;^ 
appointed professor of mathematics and 
physics in the place of his dead master. 
He carried on the science of optics, which 
Galileo had introduced into Italy, and im- 
proved the microscope, but his chief work 
was still the study of water. He made sonic 
very important discoveries in regard to the 
flow of liquids through a small orifice in 1O4 
and about the same time lie invented the 
modern barometer. 

Galileo had observed that water would 
only rise about thirty- two feet in a perpen- 
dicular direction in the suction-pipe of .1 
pump. This fact had, indeed been dis- 
covered by many engineers when attempting 
to raise water to a greater height for the pur- 
pose of making ornamental fountains in the 
gardens of wealthy noblemen. It is possible 
that Galileo suggested to Torricelli the 
explanation of this curious behaviour <•! 
water, but it was only • a suggestion, b 
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u tl s Torricelli alone who developed the 
theory of atmospheric pressure, and devised 
tin' experimental proof of his ideas. He 
iv.isoncd that if it was the weight of the 
atmosphere that forced the column of water 
to a height of thirty- two feet in an upright 
pipe, then a heavier liquid would be im- 
pel led to a less distance in a perpendicular 
tube. He filled a small glass tube with 
mercury, and then inverted it in a dish 
that was partly filled with the same heavy 
liquid. Instead of all the mercury in the 
tube running into the dish, some of it 
remained in the tube, held there by the pres- 
sure of the atmosphere on the surface of the 
mercury in the open dish. 

What was more important was the fact 
that the height at which the mercury stood in 
the tube corresponded with the height 
that a column of water of the same weight 
would occupy under similar conditions. 
Torricelli thus proved that a long column 
of water or a small column of mercury was 
each a measurement of the pressure exerted 
by the atmosphere. Torricelli showed his 
discovery to Viviani, and in 1643 the two 
men constructed their first barometer. Hut 
it was Torricelli alone who perceived the 
extraordinary powers of the new instru- 
ment. He studied the variations of pres- 
sure from day to day, and in 1644 he made 
his crowning discovery. He announced 
that a column of quicksilver would give a 
measurement of the continual changes 
in the pressure of the atmosphere. The 
measurement of these changes, he added, 
hud been the object of his experiments. 
There can be little doubt that he would 
have proceeded to demonstrate, the great 
practical value of the new instrument of 
science which he had gradually elaborated. 
Unhappily f he fell sick, and by his early 
‘lfath, on October 25, 1647, the new science 
‘>t the atmosphere was left to Pascal and 
« »ther men to develop. Still, he remains 
the Columbus of the world of air. 

JOHN TYNDALL 
Experimenter and Expounder 

John Tyndall, physicist and foremost 
expounder of science, was born at Leighlin 
bridge, County Carlow, Ireland, on August 
- 1 , 1820. His father, a worthy member of the 
Irish Constabulary, not only gave him the 
hi st education available at the local national 
S( hool, but himself took a share in his son’s 
Gaining, devoting special attention to 
theology. With a good knowledge of ele- 
mentary mathematics, Tyndall was engaged, 
a 1 nineteen, on the Irish Ordnance Survey, 


passing, three years later, to the English 
Survey. This move carried him to Preston , 
in Lancashire, where he became a member 
of the Mechanics’ Institute, and then, like 
Herbert Spencer, with whose name his own 
was afterwards to be associated, be became 
a railway engineer. The ardent desire 
which long possessed him for life in the New 
World now first expressed itself, but failure 
to obtain the post he sought induced him, 
when twenty-seven, to accept a mastership 
in mathematics and surveying at Queen- 
wood College, in Hampshire. Queenwood 
was originally built by Robert Owen as a 
Hall of Harmony Settlement, and the “ C. 
of M.” carved upon its face still remained 
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to express the philanthropist’s vain hope 
as to the " Commencement of Millennium.” 
Here Tyndall met Edward Frank land, who 
was destined to achieve considerable fame as 
a chemist, and a helpful friendship sprang 
up between the two young men, Frankland 
inducting Tyndall into the mysteries of 
chemistry, while Tyndall instructed him in 
mathematics. 

Within a year the two comrades threw up 
their positions at Queenwood, and went to 
Marburg to study under Bunsen, who, 
while Europe was seething with political 
excitement which set thrones rocking and 
crowns toppling, was quietly working away, 
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in the finest laboratory in Europe, at 
researches which gave us the Bunsen 
burner, magnesium light, and, in conjunc- 
tion with those of Kirchhoff, opened to us a 
new world through the agency of spectrum 
analysis. Under this able mentor Tyndall 
crowded a three years’ course into two years. 
He there began his investigations into dia- 
magnetism and the magneto-optic pro- 
perties of crystals, which, introduced by Sir 
Edward Sabine, famous for his labours in 
terrestrial magnetism, to the notice of the 
Royal Society, gained Tyndall a Fellowship 
of that body w'lien thirty- two years of age. 
Tyndall’s iiard work at Marburg had 
brought him his degree of D.Sc., however, 
two years prior to this, and, more im- 
portant still, he had already made the 
acquaintance of Faraday and Huxley. A 
cordial friendship sprang up between Huxley 
and Tyndall, and they applied in company 
for Chairs at Canadian and Australian 
universities, where the authorities, not 
having the gift of divination, rejected the 
highly recommended young scientists, to 
the great gain of the Motherland. Toronto 
had wanted Lyon Playfair nine or ten 
years earlier, but they would have none 
of Huxley or Tyndall. 

The last-named had to worry through a 
considerable amount of work at Berlin, 
and to read papers before two of the British 
Association meetings, before he gained re- 
cognition in England. It was on the 
strength of his Berlin record, ferreted out 
in the German capital by Bence Jones, 
that he was invited to deliver one of the 
Friday evening lectures at the Royal 
Institution. He attained success at a 
bound. Within three months he was ap- 
pointed professor of natural philosophy at 
the institution, where Fanlay was then 
engaged on his famous electrical and phy- 
sical experiments. 

Although differing profoundly in their 
religious views, the tw r o men worked 
together with the greatest cordiality, and 
Tyndall’s biography of Faraday was. one 
of the most charming things he ever wrote. 
When Faraday died, Tyndall, in 1867, suc- 
ceeded him as superintendent of the institu- 
tion, having by that time securely estab- 
lished himself, no less by original work than 
by his supreme gifts of exposition, as one 
of the foremost of our men of science. A 
visit w'itli Huxley to the Alps led to their 
jointly beginning the study of glaciers which 
Tyndall was afterwards long to carry on 
alone. Others had already worked on the 
problem as to lunv an apparently solid mass 


of ice can M flow ” — Tyndall finally eluci- 
dated the mystery. Years of waiting and 
watching went to the work before he wa- 
able at last to show that the veined structur* 
of the glacier is due to mechanical pressure, 
and the formation of crevasses. to strain-, 
and pressures occurring in the body of tin 
glacier. The flow of the river of ice is due, 
lie showed, to fracture and regelation - 
that is, the phenomenon presented by por- 
tions of moist ice which, when placed in 
contact with one another, freeze together 
even in a warm atmosphere. 

His work on glaciers had an important 
effect upon his scientific work, for it led 
to his investigations on radiation, perhaps 
his most important work. Indeed, his 
“ Radiant Heat in its Relation to Gases and 
Vapours ” would alone have sufficed to 
ensure his position among scientists. Tlu* 
experience gained during the years over 
which his study of this and cognate subjects 
extended enabled him to render valuable 
service as expert adviser to the Board of 
Trade and Lighthouse Authority. His results 
gave new data to meteorologists, while also 
affording invaluable knowledge as to the 
best medium for lighting dark seaways and 
transmitting danger-signals by sound to 
ships befogged. 

Many of Tyndall’s experiments were of 
the most refined and interesting character, 
and productive of highly practical results, 
while also extremely attractive as scientific 
displays. One such resulted in the discovery 
of what is termed the vowel-flame —a flame 
which is variously affected by the utterance 
of different vow r e 1 -sounds. Another led to 
the discovery of the cause of the sky’s being 
blue. This latter was part of a series of 
experiments which produced important 
results. Dust in the atmosphere gives us the 
blue of the sky and the glory of the sunset, 
but a dust- free atmosphere renders light 
invisible. If air can be rendered dustless, 
it can be rendered germless, he thought. He 
proved this to be the case — that food can 
be preserved indefinitely in air or fluid 
from which all bacteria are excluded. But 
to make sure that germs already secreted in 
the food or fluid shall not develop when tin 
parent organisms have perished, he pro- 
posed not one excessive heating but suc- 
cessive or discontinuous heatings, which 
first develop, then utterly destroy, the most 
refractory organisms. This discovery is <»i 
great scientific and commercial value. 

Apart from original research work, Tyn- 
dall was of importance to his generation 
for he could express difficult scientific 
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i , uths in languages which the man in the 
-Meet could understand, lie popularised 
- lrnce in the best sense of the term. He 
: h 1 great influence for good when Darwin 
appeared with his world-shaking announce- 
ment in the “ Origin of Species.” At first 
Darwin was allowed to rely for support upon 
tin* biologists ; physicists held aloof. Hut 
1 vndall came boldly forth as a champion 
( ,t the new doctrine, and from that time 
Inrtli was generally recognised as one of 
the prime leaders in the great revolution 
in thought of the nineteenth century. 


head. He died there from an overdose nl 
chloral, taken to induce sleep, on Decem- 
ber 4, 1893. His fame really culminated in 
1874, when he was President of the Royal 
Association. In his presidential address 
he made a warm attack on orthodoxy, and 
was denounced for expounding what oppo- 
nents described as ” rank materialism.” 

JACOBUS HENRICUS VAN’T HOFF 
Revolutiontser of Organic Chemistry 

Jacobus Henricus Van’t Hoft, the Newton 
of chemical science, was born at Rotterdam 
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Darwinism was bound to triumph in the end, 
hut Tyndall, Spencer, and Huxley together 
‘'‘instituted a driving force which all the 
energies of the opposition were powerless 
t«» withstand. Tyndall had a unique posi- 
tion ; lie stood for physics, for the Royal 
Institution, for orthodox science blended 
with the new, and his espousal of Darwinism 
loo l enormous weight with the general 
public.’ He retained his position at the 
K'»val Institution up to 1887, when ill- 
h‘-alth caused him to resign, and to retire 
to the beautiful home he had built at 'Hind- 


on August 30, 1852, the son of a physician 
of that town. He was educated at Leyden, 
and studied afterwards at Bonn and Paris. 
Early in 1874, when he was a student of 
twenty-one, he published a pamphlet of a 
few pages announcing a discovery of the 
highest importance. It provided a new 
foundation for chemistry. It had been 
known for some years that certain sub- 
stances produced by living bodies could 
agree in the number and quality of their 
atoms, and yet he entirely different in their 
nature. Forms of matter, apparently 
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identical in composition, had been found to 
possess different, melting-points, boiling- 
points, and crystalline shape, and other 
chemical properties. 

The mistake arose through chemists 
merely drawing maps of the atomic struc- 
ture of substances. Van’t Hoff pointed out 
that a map did not represent the arrange- 
ment of atoms in certain compounds, for, 
besides length and breadth, there was the 
third dimension of depth. He showed how 
the atoms of various carbon compounds 
were arranged in a three-dimensioned space, 
so that, although the atoms of two sub- 
stances were identical, their arrangement 
in space was different. 

He had become in 187b a lecturer at a 
Dutch veterinary college; and when his new 
idea began to be discussed he was told by 
his opponents that he had mounted a lame 
horse that would not carry him very far. 
As a matter of fact, all the best work in 
organic chemistry since 1874 is based upon 
his discovery of carbon compounds with the 
atoms arranged in space. He showed 
modern men of science that in order to 
connect many synthetical products it was 
not sufficient merely to bring together 
certain elements with a given amount of 
atoms. The atoms had to be arranged in a 
new way. 'This new science that he founded 
when hardly more than a boy is called stereo- 
chemistry. It is one of the most valuable 
of the modern fields of knowledge. 

In 1877 Van’t Hoff went to Amsterdam 
as a lecturer, and in the following year was 
appointed professor of chemistry. Again 
lie struck out an original line of research, 
and developed the law of mass-action, and 
placed chemical dynamics and chemical 
equilibrium on a sure basis. He demon- 
strated that the relation between chemical 
athnity and heat -effect was similar in form 
to the relation between electrical energy and 
heat -effect. By this means he brought the 
ultimate problems of chemical action into 
connection with problems of electricity, 
and cleared the way tor the discovery that 
all forms of matter are made up of centres 
of electrical energy. 

In 1885 Van’t Hoff opened out another 
field of chemical science in his study of 
osmotic pressure. If a semi-porous earthen- 
ware pot is tilled with sugar- water, and then 
placed in a larger vessel full ot pure water, 
which is heated, the pure hot water will 
force its way into the pot, and the pressure 
exerted on the walls of the cart lien ware pot 
will increase. This pressure is called osmotic 
pressure, and it can be so increased that it 
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will keep any more water from entering tl,. 
pot. Osmotic pressure exists when tw-» 
different solutions are divided by a semi 
permeable membrane. All this may seem 
a simple and insignificant affair, but Van 1 
Hoff achieved the greatest work of his Jim 
by discovering the law of osmotic pressure. 
He showed that a solution exerts the same 
osmotic pressure on the walls of a semi- 
porous vessel as a gas would do. In otln -i 
words, he reduced the actions of solutions 
to the law that Boyle and Gay-Lussac had 
discovered for gases. 

All ordinary solutions at once became 
attackable in a new way by men of scicmv. 
Not only was a new field of knowledge 
opened in chemistry, but some of the 1110-1 
difficult problems in the study of the pro- 
cesses of life were illuminated by the greal 
Dutchman’s discovery. The protoplasm <>1 
the living cell is a kind of solution enclosed 
in a semi -permeable membrane; and partlv 
by the action of the membrane, and partlv 
by the osmotic pressure of the protoplasm, 
the action of life goes on. When the 
cells of the sugar-beet arc surrounded by 
warm water, the sugar-content of the 
cells is dissolved in the water that passes 
in and out of the membrane, until all 
the sugar is extracted from the cells 
and diffused in the surrounding water. 1 >v 
this method beet sugar is now general lv 
made. Thus t lie problems of osmotie 
pressure have an important bearing upon 
industries as well as upon problems «»i 
physics, biology, and chemistry. So Van’t 
Hoff’s apparently simple law that sol 11 
tions act like gases is a discovery of high 
and wide importance. 

In i8q() the great Dutchman received a 
remarkable offer from Berlin. Two year- 
previously the Chair of Physics at t h** 
German capital had been refused by him. 
but in order to attract and honour him tin* 
Prussian Academy of Science next offered 
him the Berlin Chair of Chemistry, with a 
salary and a fine laboratory, on the condi- 
tion that he should undertake no dutn- 
except those that he cared to assume. N (l 
honour such as this has been paid in ( n r 
many to any foreign man of science sin- v 
t he t i me of Frederic k t he ( ! reat . Van ' t 1 1 " 1 1 
became a member of the Prussian Academy. 


and at Berlin he again struck out in a no" > 
and extraordinary line of research. He 1 « >"h 
up the study of the salt deposits of til '“ 
oceans, and by combining -chemical exp' 1 1 
ment with geological observations he estah- 
lished another new science — experiment ■»! 
geology. He made artificial oceauv 
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f!. posits ip his laboratory, and then from 

• in* knowledge thus obtained he worked out 
i lie time necessary for the formation of 
u.ifurally produced beds of minerals. 

In person, Van’t Hoff was a man of 
vt liking appearance, with a frank, modest, 
.nid unselfish character. When he died, on 
.March I, 1911, it was said by an English 
w i iter of authority that he had shown him- 
«.( It to be “ one of the greatest geniuses the 
world has ever seen.” His work is not 
irniarkablc for its mass. Tt is by the force 
and originality with which he discovered and 
developed a few magnificent ideas that he 
revolutionised organic chemistry, founded 
the science of solutions, related chemistry 
10 electricity, and created a new era in 
geology. His work on solutions is perhaps 

masterpiece. The greater part of eliemi- 
<';il reactions takes place in solutions ; and 
out of the behaviours of salts dissolved in a 
liquid many valuable industrial processes 
and electro-chemical theories have been 
•■vulved. There are also solid solutions, such 
a< occur in the manufacture of steel; and 
the protoplasm of a living cell behaves in 
many respects like a real solution. Over all 
these fields of new knowledge reigns the 
genius of the great Dutchman. At present 
\\r stand too near the achievements of Van ! 
Unit to appreciate their full importance, 
hike Newton’s discovery of the law of gravi 
t. it ion, tlie laws of Yan’t lloiT are magnifi- 
unt instruments for larger additions to the 
temple of human knowledge, and their 
Aurtli will only be entirely known when a 
liter generation has built upon the founda- 
tions he has laid. 

THOMAS YOUNG 
Who Upset Some of Newton’s Ideas 

1 liomas Young was born at Milverton, 
in Somerset, on June Jj, 177 j. His parents 
he lunged to the Society of Friends, and 
Voiing himself refused a first-rate Govern- 
in' ut position in early manhood merely 
I' ‘cause its acceptance would have made it 

* in-* ossary for him to give up liis Quaker 
‘In-*. Young was brought up by his 
grandmother and his aunt, who taught him 
s,) well that his mind was matured at too 
‘•niv an age. But the poor instruction lie 
afterwards received at a boarding-school 
IU ‘ :, r Bristol checked his precocity by 
fin owing him on his own resources. His 
education was largely his own work. He 
^•‘'nt from books, tackling the higher 
1,111 1 hematics and the science of optics, 
'naming a microscope for his own use, 
# !)t> ides acquiring an uncommon range of 


languages. He knew Greek and Latin at 
nine, and he picked up Italian and mastered 
Hebrew. At fourteen, when he began to 
earn money as a tutor, he was able to 
translate parts of the Bible into no fewer 
than fourteen languages. 

From the beginning he did nothing by 
halves. On whatever branch of study he 
entered, lie mastered and pursued it 
throughout liis life. His study of optics 
enabled him to disprove Newton’s theory 
that light was produced by minute particles 
of matter ejected from the sun and other 
burning bodies. His study of languages 
enabled him to discover, first of all men, 
the meaning of the characters of the ancient 
writings of Egyptians. 
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At twenty-one. he came to London to 
study as a doctor, and at once attracted 
the notice of the best minds of liis age. 
Burke, Windham and Sir Joshua Reynolds 
became his friends. He pursued his medical 
studies with characteristic thoroughness, 
and while but a student lie applied his 
knowledge of optics to the action of the 
human eye, and showed that power of 
vision is accommodated to near and distant 
objects by the alteration of the curvature 
of the crystalline lens. His view was much 
disputed at tile time, but many years 
afterwards it was found to be correct. To 
complete liis medical education, he went 
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to Edinburgh, and then to Gottingen, and 
there distinguished himself by his studies 
on sound. From Germany he proceeded to 
Cambridge, still thirsty for knowledge, and 
remained there for six years. A rich uncle, 
proud of his brilliant nephew, paid for his 
medical training, and further left him a 
considerable fortune. 

Three years afterwards, while still study- 
ing at Cambridge, Young began the in- 
vestigations on which his fame chiefly 
depends. Following up his work on sound- 
waves, he showed that these waves could 
be reflected back so as to interfere with 
each other. It then struck him that the 
theory of the existence of the waves of 
light might also be established as an actual 
fact if it could be shown that when two 
trains of light- waves, coming in opposite 
directions, met and checked each other, 
darkness was produced . instead of light. 
At the time light was still one of the great 
mysteries of science. Newton and Huy- 
ghens had each put forward a theory 
on the matter. Newton considered the 
sensation of light to be due to incon- 
ceivably minute particles of matter im- 
pinging against the retina*. Huyghens, on 
the other hand, attributed the sensation 
of light to the impact of minute waves. 
Neither theory had been established by 
experiment, and both were apparently in- 
validated by certain observations. 

Young settled the* problem by studying 
soap-bubbles, and showing how the colours 
of these thin films were produced by the 
interference of direct and reflected trains 
of light-waves. Where the two opposite 
sets of waves met, they interfered with each 
other, so that some of the waves of colour 
usually seen as a white light wore partly 
stopped and transformed into colour-effects. 
As a white light is made up of innumerable 
waves of different lengths, such waves 
cannot all interfere at the same time. Spine 
interfere totally and destroy each other, 
some interfere partially, while some add 
themselves together and enhance the effect. 
Thus, by interference, a portion only of the 
white light is destroyed, and the remaining 
portion is usually coloured. 

In another experiment Young used 
Newton’s own weapons — known as New- 
ton’s rings — to prove that light was pro- 
duced by trains of waves. Unfortunately, 
a man who knew little or nothing about 
science, but who possessed a remarkable 
power of invective, came forth in the 
V Edinburgh Review ” as a defender of 
Newton. The man was Lord Brougham. 
4908 


He was one of the most popular writers of the 
time, with a talent for sarcasm unequalled 
by any other writer. So coipplete was Jib 
attack on Young that only a single copy 
of the reply that Young made was sold by 
the booksellers. For thirteen years Young 
remained under a cloud ; and it was not 
until his magnificent discoveries were 
repeated by a French man of science, 
Fresnel, that the effect of Brougham’s 
attack was annulled. 

In the meantime, Young resigned his 
post at the Royal Institution and devoted 
himself to the practice of medicine, becom- 
ing physician to St. George's Hospital. His 
mind, said Helmholtz long afterwards, was 
one of the most profound the world has 
ever produced, but lie had the misfortune 
to be too much in advance of his age. In 
another direction the fame of Young has 
suffered through the neglect of his own 
countrymen, and through the admirable 
alacrity with which the French recognised 
the work of Frenchmen. In 1799 tlie 
famous Rosetta Stone was discovered in 
Egypt* It was inscribed with a Royal 
decree, written in Greek and in popular 
script and in the ancient hieroglyphics. 
Copies of the three inscriptions were pub- 
lished by the Societies of Antiquaries, ami 
in 1814 Young began to study them. In 
three months he found that some of the 
so-called popular characters were al>o 
hieroglyphics, and by 1818 he had deter- 
mined nearly a hundred characters of tin 
hieroglyphic text. Then, using papyri 
from Egyptian graves, he obtained about 
two hundred characters. A popular sketch 
of his results was published in the “ En- 
cyclopaedia Britannica ” in 1819. In 1821 
Champollion wrote a memoir, which lie 
rapidly suppressed, and in which he con- 
fessed he had made no progress in ascer- 
taining the meaning of the hieroglyphical 
characters. Champollion suppressed his 
memoir after reading Young’s article, and 
in 1828 he published Young’s early dis- 
coveries over his own name. Tyndall went 
thoroughly into the matter in 1888, and 
showed very clearly that Champollion tried 
to prevent Young from obtaining the 
document he needed to repeat his re- 
searches. After failing to do this, tin* 
Frenchman suppressed his own confession 
of ignorance and robbed Young, without 
acknowledgment, of his discovery of the 
meaning of both kinds of Egyptian cha- 
racters — the sacred and the so-called 
popular script. Thomas Young died on 
May 10, 1829, at the age of fifty-live. • 
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SIR JAMES PAGET 
A Modern Master-Surgeon 

S ir James Paget was born at Yarmouth on 
January n, 1814. He desired to join 
the Navy, as lie tells us in his delightful and 
well-known Memoirs, edited by his son, Mr. 
Stephen Paget, but fortunately this plan 
was abandoned, and lie became apprenticed 
to a doctor at the age of sixteen. When he 
was twenty he went to St. Bartholomew’s 
Hospital, and there, as a first -year student, 
by means of a pocket lens, he found the 
trichina spiralis, or tiny worm that enters 
the human body from infected pork and 
rauses the terrible disease called trichinosis. 
This was only the first of many discoveries 
m pathology that stand to the record of 
this master among surgeons — a master who 
"'as so much more than a surgeon. 

After many years of hardworking penury 
for his once wealthy father, a brewer and 
shipowner, had failed in business — Paget at 
bM obtained, in 1847, a post in some degree 
vorthy of him— a Chair at the Royal College 
°1 Surgeons. There he gave those " Lec- 
tures on Surgical Pathology ” which made 
a stepping-stone from the past to the 
surgery of Lister. Today, even, those 
fcreat lectures remain classical and authori- 
tative. Paget was elected to the Royal 
Society, and took his place as a leader in the 
dudv qf disease, but, as his son tells us, 
hu had hardly begun to get into practice, 
and he had kept himself poor that he might 
Pay liis share of his father’s debts — a task 
that it took him fourteen years to fulfil.” 

Paget was the John Hunter of his day. 
As a youth he had looked more closely 
1 R 


SIR JAMES YOUNG SIMPSON-THE CRE- 
ATOR OF PAINLESS SURGERY 

JOHN ARTHUR THOMSON — A GREAT 
STUDENT OF THE MEANING OF LIFE 

SIR WILLIAM TURNER — A MASTER OF 
ANATOMY 

RUDOLF VIRCHOW — FOUNDER OF MOD- 
EKN PATHOLOGY 

ALFRED RUSSEL W A LL ACE— D ISCOVE RER 
OF THE “EVOLUTION OF SPECIES’* 

AUGUST WEISMANN— A GREAT STUDENT 
OF HEREDITY 

GILBERT WHITE — NATURAL HISTORIAN 
OF A VILLAGE 

SIR ALMROTH WRIGHT— A NEW DEFENCE 
AGAINST DISEASE GERMS 

through a pocket lens at a scrap of muscle 
than other people, and had made a dis- 
covery which enables us to prevent trichi- 
nosis. All through liis life he was a master 
of the. microscope, carrying on the study of 
disease from the point at which he found it, 
and searching the facts of all morbid pro- 
cesses as they can be seen through lenses. 
Today the microscope is more important 
than ever, and yet less so, for the chemical 
study of disease has arrived, and takes us 
a stage further in analysis ; but every living 
pathologist, whatever his methods, stands 
firmly upon the shoulders of the Englishman 
Paget, and his great German contemporary, 
Rudolf Virchow. 

At last Paget obtained what he had never 
worked for — material success. The days 
when he could only make £15 a year in 
practice were over. He became surgeon to 
Oueen Victoria and her heir, and was for a 
long period the first surgeon in the land. In 
1871 he was made a baronet, in 1875 Presi- 
dent of the Royal College of Surgeons, and 
subsequent honours were many and world- 
wide. He wrote freely, but his lectures, 
published in 1853, are his supreme work, 
llis name is daily in the mouths of d< ctors 
throughout the- world, for it is attached to a 
malady of the breast, and to a very remark- 
able disease ot the bones, both of which he 
discovered. All who knew him speak of 
him with devotion and homage. 

Students of pathology, and of the yet 
nobler science of noble living, should con- 
sult the most interesting ” Memoirs and 
Letters of Sir James Paget/’ published in 
1902. Sir James Paget tells us in these 
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Memoirs that his father died “ at eighty-two, 
of that most rare of all the causes of death — 
mere old age. He had never once been ill, 
and in the time of his gradual decay nothing 
erred from its just proportion in the work 
of life ; only there gradually became less of 
everything belonging to this life, and in due 
time everything slowly and coincidently 
ceased/' Much the same might be said of 
himself. He gradually relaxed his work, 
and died, at a greater age than his father’s, 
on December 30, 1899. 

Much more should be added, however, 
for the student of heredity. Paget's eldest 
son, Sir John Paget, is a great authority on 
banking. His second son, Francis, became 
Bishop of Oxford, and wrote many religious 
books. The third son, Henry Luke, is 
Bishop of Stepney. The fourth son, Stephen, 
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is a distinguished surgeon, author of many 
valuable books, and honorary secretary of 
the Research Defence Society. 

AMBROISE PARE 
A Forerunner of Modern Surgery 

Ambroise Par6 was born at Laval, in 
Maine, in 1517. His experience, like that 
of so many surgeons in the past, was 
chiefly military. He saw much of war, 
and was surgeon to many kings. 

In the treatment of wounds Par6 did 
something in the antiseptic direction, for 
he used turpentine, though little good can 
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have come from the boiling oil which h ( 
employed at first. When his oil ran short 
on a certain occasion, as things needed f 0I 
the wounded still run short on battlefie lds 
Paie was compelled to use something idsc! 
It was turpentine that he hit upon, and 
the results were so good, even though the 
boiling oil had been abandoned, that, ^ 
he tells us, he " resolved never more to 
burn thus cruelly poor men with gunshot 
wounds.” Having estimated the antiseptic 
properties of turpentine today, and know- 
ing what are the enemies of wounds, \ Vc 
can understand why the method thus forced 
upon Pare was so successful. 

At Turin there was a surgeon who had 
a famous remedy for gunshot wounds. 
After two years of persuasion and gifts, 
he consented to tell Pare his formula! 
“ In the end, thanks to my gifts and 
presents,” says Pare, “ he gave it to me, 
which was to boil, in oil of lilies, young 
whelps just born, and earth-worms prepared 
with Venetian turpentine. Then was I 
joyful, and my heart made glad, that 1 
had understood his remedy, which was 
like that which I had obtained by chance." 
So much for the earliest blind gropings, 
before the dawn of modern science, for an 
antiseptic system of surgery. Yet when 
Tare had a compound fracture himself, 
white of egg, flour, soot from the chimney, 
and melted butter were applied to the 
wound of the .greatest surgeon of the 
sixteenth century ! 

At the best, results were bad enough in 
those days. Pare declared that the King 
of Navarre’s wound was certainly mortal, 
because a great joint was injured, and 
“ all wounds of great joints are mortal." 
Today such joints are constantly opened, 
for the relief of local trifles, like a loosened 
cartilage in the knee-joint. Yet we owe 
much to Pare for the great advance he 
made by the abolition of boiling oil, and 
the use of turpentine, which, however, 
is still employed by surgeons, at lea^t in 
the form of soaps and lotions for cleansing 
the skin before operations. 

In 1561 Parc’s great work on surgery, 
the “ Cinq Livrcs dc Chirurgie,” was pub- 
lished at Paris. These mark and make an 
epoch in the history of surgery. Bui the 
greatest of all his services to surgto 
science and practice was the introduction 
of the ligature. In his day, when limbs 
were amputated — this being the chief rou- 
tine task of surgery in the days of constant 
war and ignorance of conservative methods 
of saving limbs— the bleeding from the cut 
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arteries was arrested by means of a A -hot 
iron. They were cauterised, and so closed, 
nt course, there were no ana'sthctics in 
those days. Par6, merciful and original, 
who had already relieved “ poor men ” 
from torture with boiling oil, now daringly 
introduced the method of tying the arteries 
instead of burning them. To him we owe 
tin- ligature — i.e., the piece of thread, silk, 
horsehair, or, thanks to Lister, catgut, by 
which arteries may be tied. We may faintly 
imagine what this was worth to "soldiers, 
wounded in the quarrels of the 14 great/’ who 
would otherwise have had to face the red- 
hot iron. Finally, we have advanced from 
Parc’s turpentine, so that wounds heal as 
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admirable volume by one of his contem- 
porary followers, Mr. Stephen Paget. 

LOUIS PASTEUR 
The Founder of Preventive Medicine 

Louis Pasteur was born at Dole on 
December 27, 1822. The boy showed 
exceptional qualities, and was intended 
for an academic career in chemistry. He 
studied at Besan$on, and then in Paris, 
where he came under the influence of such 
great chemists of their day as Biot and 
Dumas, who thought highly of their young 
pupil. He earned his living, and obtained 
opportunities for research, in the usual 
fashion, by teaching posts in various 



AMBROISK PARfS AT THE SIEGE OF METZ 
From the painting by Chartran, at La Sarbonne, Paris. 


licy should, and ligatures do not- break 
1,1 ■ with renewed bleeding, as in the 
lays when microbes were allowed to spoil 
la- natural process of healing. 

.The “ natural process/’ we say. Pare, 
vitli his deep and prophetic vision, knew 
dial he witnessed, and what was the real 
luty of the surgeon, a duty which, thanks 
ai'Kcly to him, the surgeon of today can 
nllv discharge. When praised for his 
ibcess with a certain patient, he replied, 
\ dressed his wounds ; God healed him.” 
This bold, humane, profound surgeon 
M in Paris in 1590, and will be one of 
*15 glories of France to the end of time. 
“ s Life may be read in English in an 


universities, and he became professor of 
chemistry at the Sorbonne in 1867. From 
first to last, his was the chemical point of 
view, and students of chemical science 
rank him as a master and epoch-maker, 
just as the pathologist or the hygienist does. 
Indeed, so remarkable was his initial 
success in chemistry that his distinguished 
teachers deplored his attention to certain 
peculiar phenomena which were outside 
the domain of chemistry, and from which, 
they thought, nothing worthy of the ability 
of the young student could proceed. But 
modern medicine, surgery, and hygiene 
thence proceeded. 

Pasteur’s first research revealed his 
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quality. To him we may apply the old 
living “ He touched nothing that he did 
U iit adorn,” if we say “ elucidate ” for 
, u l«,in. His genius for research, his in- 
tuition for the right course to proceed, 
and the right thing to look for, were simply 
lupreme. A mere list of his successful 
'researches' — and all his researches were 
successful — would take many pages. First 
j w . found that there exists a living 

microbe ” — to use his own term — which 
arts upon one variety of tartaric acid, but 
ignores another. The two differ only in 
one. respect that we can discover. They 
form crystals identical in all respects save 
that one is “ right-handed,” and the other 

left-handed.” Rays of light, of the kind 
railed “ polarised,” arc twisted to right or 
left respectively by solutions of these 
varieties of the acid. The crystals and 
molecules of the two must have the same 
relation to one another as a right hand to a 
left, or any asymmetrical object to its 
image in a mirror. Hence we must think 
nf molecules as solid things, with three 
dimensions in space ; and we need a “ stereo- 
chemistry” or “solid-chemistry” accord- 
ingly. This great science Pasteur thus 
founded. 

But he was more interested, if possible, 
in the microbe that showed this singular 
preference for “ right-handed ” as against 
“ left-handed ” tartaric acid. This, he saw 
and said, was a case of specific fermenta- 
tion, caused by a living organism. Hence, 
in due course, the long discussion between 
Liebig and Pasteur, the older man main- 
taining that fermentation is a chemical 
phenomenon, and the, younger pointing to 
the living creatures from which it proceeds. 
We now know that both were right, for we 
can now extricate, from the living microbes 
found by Pasteur, the chemical ferments 
by means of which they work and live — 
as do all living things. 

Pasteur quickly proceeded to show that 
other fermentations are due to microbes, 
besides that which proceeds in the salts of 
tartaric acid. The formation of lactic 
acid in sour milk is due to a microbe — there 
are now known to be many — which he 
found. He showed the same for butyric 
ferment at ion, and for the production of 
“ vin-aigre,” or vinegar, from wine, by 
means of the microbe he called the bacillus 
Mt'licus, and which ferments alcohol, form- 
ln g acetic acid. The economic value of 
these researches was incalculable. They 
taught the wine manufacturers of France 
n°w to prevent wine disease. No one 


guessed then that diseases of somewhat 
more moment than those of wine might be 
involved in these researches also. 

The silkworm is subject to a disease, 
which Pasteur was called upon to study. 
He did so, and found the parasite which 
preys upon the worm. Thus lie saved the 
silk industry of France, and Huxley pointed 
out, long ago, , that the value of Pasteur's 
work in such respects, quite apart from any 
services to man, had more than paid the 
whole indemnity of the Franco-Prussian 
War. Beer, like wine, is subject to disease, 
and Pasteur studied the minute forms of 
life which are responsible. About this time, 
also, lie joined in the controversy on 
“ spontaneous generation,” and showed 
that, under certain conditions, life does not 
appear in vessels from which it has been 
excluded, and in which any pre-existing 
life has been destroyed by heat. This con- 
troversy was supposed to be closed at the 
time, but Dr. Charlton Bastian, who is still 
alive, thought otherwise, and is now being 
justified. The supreme value of Pasteur's 
researches was that they set him to the 
great task of seriously, and in detail, study- 
ing the behaviour and properties of these 
microscopic forms of life. 

He soon found their responsibility for 
fermentation in general, and passed from 
“ diseases ” of beer and wine, and from 
disease in the silkworm, to cholera in fowls. 
He was now approaching his fiftieth year, 
and was the greatest figure of the age in 
his own field. Yet, even so, his direct 
services to man were yet to come. Indeed, 
they occupy only the last chapter of his 
life, but it is a last chapter of which the 
words “ Finis coronat opus ” may truly be 
said. The responsibility of microbes for 
fermentation and putrefaction led Pasteur 
himself to use antiseptic and aseptic methods 
in his manipulations and experiments on 
animals. Lister applied the principle to 
man and created modern surgery. 

Meanwhile Pasteur had proved that a 
certain microbe causes the terrible disease 
of animals called anthrax. But this is also 
a disease of man, and here wc have the first 
discovery that a human disease is due to a 
microbe. Pasteur proceeded with his re- 
searches, and showed how microbes can be 
modified in virulence, so that animals may 
be “ vaccinated ” with weak strains and 
protected against subsequent infection with 
virulent strains. This is exactly what 
Jenner had done for small-pox, without 
understanding the facts, many years before. 
Pasteur thus protected the flocks and herds 
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from anthrax, performing a greater service 
than when he saved the silk industry. 

But, with anthrax, he had reached man. 
He now tackled hydrophobia, and devised a 
method of curing this appalling disease by 
means of inoculation with “ attenuated 
virus.” He did not find the microbe of 
hydrophobia, and we still search for it. It is 
so minute that the microscope cannot 
reveal it, and even the ultra-microscope 
may not suffice. 

To discuss adequately the work of Pasteur 
would be to deal with the monumental 
sciences of bacteriology, which he founded, 
and of " public health,” and “ preventive 
medicine,” which he therefore founded too, 
in their modern form. Space only avails 
to say that the French provided him with an 
Institute in 1886, and there he worked until 
his death. This Pasteur Institute is now 
the centre of the world for the study, cure, 
and prevention of disease, its director 
being Roux, who helped to give us the anti- 
toxin of diphtheria, and its sub-director, 
Metchnikoff. 

These, and a host of men all over the 
world, with Lister the Englishman, and 
Koch the German, at their head, are and 
were the pupils of Pasteur. He died on 
September 28, 1895, and his mortal remains 
lie in a chapel built for the purpose under 
the Pasteur Institute, where his work is 
carried on. Louis Pasteur is the greatest 
physical benefactor of man in recorded time. 
His work has already changed the con- 
ditions of human life and the very face of 
civilisation, and has enabled mankind to 
begin the conquest of the “ Dark Conti- 
nent,” hitherto held by microscopic para- 
sites and the insects which convey them. 
Pasteur was a devout Catholic ; his favourite 
motto was " II faut travailler,” and he 
lived it all his life. Ilis favourite expres- 
sion in philosophy was that “Tout cst 
miracle ; ” and if ever there was a miracle 
anywhere — and he said that all is miracle - 
it was in his genius, of which unthinkable 
millions of men and animals and plants 
have been and will be the beneficiaries, so 
long as the earth can sustain life. The 
sun will be very cold ere he is forgotten. 

REGINALD C. PUNNETT 
The First Professor of the Science of Genetics 

Reginald Crundall Punnett was bom at 
Tonbridge in 1875, and was educated at 
Clifton College and Caius College, Cam- 
bridge, He had a distinguished career as a 
student of biology, and lectured at St. 
Andrews University from 1899 to 1902. 
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Since that time he has worked in Cam- 
bridge, becoming superintendent of the 
Museum of Zoology in 1909, then succeeding 
Professor Bateson in the Chair of Biolngv] 
which is now. extinct, and finally bring 
appointed, in 1912, as first occupant of its 
successor, the Arthur Balfour Chair ( ,f 
Genetics, founded by an anonymous donor 
in honour of Mr. Arthur Balfour and the 
memory of his distinguished brother, Francis 
Maitland Balfour, a notable student of 
embryology, who was killed in an accident 
on the Alps. 

Professor Punnett has been associated with 
Professor Bateson for the last ten years, and 
is the most conspicuous helper and follower 
of the present leader of Mendelism, whose 
term “ genetics ” receives its first academic 
recognition in the world in the Chair held 
by Professor Punnett. The younger stu- 
dent’s work has consisted in a number of 
prolonged and faithful researches designed 
to test and elucidate the law of Mendel, and 
the theories of its explanation which have 
been advanced by Bateson. For this use- 
ful and laborious work Professor Punnett 
was elected a Fellow of the Royal Society 
in 1912. 

Apart from his numerous technical 
papers, Professor Punnett has written one 
small but very useful book called 
“ Mendelism.” This was first published in 
1905, in a very short form, much demanded 
by readers, and was put into an American 
edition in 1909 by the wealthy American 
Socialist, Mr. Gaylord Wilshirc, who wrote 
an introduction justly arguing, among 
other things, that “ Socialism cannot reduce 
us all to a dead level ” if the Mendel ian 
theory is true. Professor Punnett may 
have been a little surprised at the publica- 
tion of his book in America in this fashion, 
but the book deserved and demanded it. 

These earlier editions are now somewhat 
of curiosities. But the whole book has 
been re-written and much extended. It 
shows us Professor Punnett as more than a 
mere breeder and counter of kinds of off- 
spring. He shows us the history and the 
significance of the subject to which lie has 
given his life ; and Eugenists owe much to 
him for his warning against those of their 
number who boldly prescribe and conclude 
without building upon genetic facts, for, as 
Professor Punnett says, “I feel convinced 
that if the Eugenist is to achieve anything 
solid it is upon them that he must primarily 
build. Little enough material, it is true, 
exists at present, but that we now see to 
be largely a question of time and means- 
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Whatever be the outcome, whatever the 
form of the structure which is eventually to 
emerge, we owe it first of all to Mendel that 
the foundations can be well and truly laid.” 

Xow that Professor Bateson has left 
Cambridge, the development of the Cam- 
bridge School of Genetics, which he founded, 
is in the hands of his young successor, of 
whom great things are hoped. 

JOHN RAY 

The Philosophy of Order in the Living World 

]ohn Ray was born on November 29, 
ih'28, at Black Notley, near Braintree, in 
Lst>ex, where his father was the blacksmith. 
The clever boy was sent from Braintree 
school to Cambridge— the " educational 
ladder ” being not so entirely modern as 
some people suppose — and there he learnt 
and taught with great success, preaching his 
celebrated sermons on “ The Wisdom of 
Cod in the Creation,” and allied subjects, 
which betrayed the inborn bent of his mind 
towards natural history. 

But in 1 661 Ray found that he must 
become an exile, at any rate from Cam- 
biidge, for he could not subscribe to the 
Act of Uniformity. Soon he went abroad 
to travel, accompanied by three of his 
pupils. Upon these travels of his, abroad 
and at home, he wrote, gaining deserved 
fame. But his actual collections of animals and 
plants were more important than his notes. 
Kay was a born collector and systematiser, 
and lie set himself the task of finding order 
in the multitudinous forms of the living 
world. In this respect he was, and always 
will he one of the founders and pioneers of 
biological science. Cuvier declared, indeed, 
that the works of Ray in regard to the 
animal kingdom formed the basis of zoology 
as Cuvier himself came to it. 

In 1667 R a y was elected to the Royal 
Society, and much of his most valuable 
work was thereafter contributed to its 
transactions. In 1679 lie settled down at 
his native place, and there he lived for the 
ryst of his life. He was a tremendous worker, 
like very nearly all other famous men. He 
seems never to have wearied in anything 
that demanded cataloguing, and collecting 
flat a. Though his successors far surpassed 
Ids attempts at classification, they and we 
arc immensely indebted to him for his 
assemblage of facts, and his early attempts 
Inwards a natural system. Certainly, but 
k>] Ray, we could not have had what we 
honour the great Linnaeus for constructing, 
a “ Natural System ” of plants. 

Together with his wise and wealthy pupil 


and patron, Francis Willoughby, Ray 
published in 1669 their famous discovery 
of the ascent of the sap in trees. Their 
interpretation of the facts was doubtless 
inaccurate in details, but they were the first 
to find and show that the sap ascends, a 
discovery which corresponds, in no insignifi- 
cant degree, to that of the circulation of the 
blood in the higher animals. 

We have ,seen that Ray was early 
interested in the relations of science to 
theology. The facts of natural history were, 
for him, facts of what Paley, at a later date, 
was to call natural theology. He looked 
upon them as Sir Charles Bell was later to 
look upon the details of anatomy and 
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physiology. Thus his widest fame was 
earned by such sermons as those referred to, 
and a later collection of essays, in the same 
vein, published in 1694, and showing that 
this aspect of his studies interested him in 
age as in youth. To him we owe a large 
number of the astonishing instances of 
adaptation, such as the structure of the eye, 
the fitness of the camel's stomach for its 
work as the ship of the desert, and so forth. 
For this illustrious student of the living 
world, such cases — and thousands besides 
which he studied, in animals and plants, 
both as regards their main features and the 
minute details of their structure — were 
instances of direct and special action on the 
part of the Creator. The doctrine of 
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“ Special Creation ” thus found a supreme 
champion in John Ray. No one could study 
the living world as he did without encounter- 
ing innumerable instances of adaptation, 
subtle, exquisite, complex beyond belief, 
and he pointed the moral accordingly. 

A later century, not troubling to look too 
closely at the facts, sought to explain them 
as all resulting from a chapter of accidents. 
That view is almost too ridiculous for 
censure today, and the problem of our time 
is to restate Ray’s interpretation of organic 
adaptation in a form which can satisfy our 
deeper and higher notions of Deity, and our 
knowledge, which he had not, of the fact 
that species are derived from one another, 
and were not specially created. If Ray 
could revisit the glimpses of the moon 
to day, he would doubtless recognise crea- 
tive design as immanent in life, and “ The 
Wisdom of God manifested in the works of 
the Creation ” not as an artificer from 
without, but as a creator from within. 

The latter years of Ray’s life, at his 
birthplace, were well spent, though harassed 
by illness. He did not cease to study and 
to write. He died on January 17, 1705. 

GEORGE JOHN ROMANES 
A Great Disciple of Darwin 

Among the personal disciples of Charles 
Darwin there is no more winning figure than 
that of George John Romanes. In beauty 
and fineness of character he resembled his 
beloved master ; and though he owed much 
of his knowledge to personal intercourse 
with Darwin, he retained his originality of 
mind, and in the latter part of his life 
laboured hard to show that natural selection 
was inadequate fully to explain the origin 
of species. He believed, of course, in evolu- 
tion, but he did not agree with the Dar- 
winians in regard to the manner in which 
life had unfolded in new forms. 

Romanes was born on May 20, 1848, at 
Kingston, Canada. His father was a Scot- 
tish clergyman, then acting as professor of 
Greek at Kingston University, and his 
mother a Highland lady. In the year in 
which the boy was born. Professor Romanes 
came into a considerable fortune, .and 
resigned his position and settled in London. 
George was not educated, but just allowed 
to grow up. Any sort of study he did not 
delight in was given up. He was never 
punished ; he was never even reproved. 
But far from spoiling under this want of 
intellectual training, he grew into a singu- 
larly gentle and thoughtful lad. His 
scholarly father regarded him as a dunce, 
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and for a long time he seemed to have n 0 
passion for anything but music. But after 
two years under a tutor he entered G< m . 
vilie and Caius College, Cambridge, at nine- 
teen, with no knowledge of books and nu n, 
and left the university at twenty-five, a 
trained worker and earnest thinker, already 
on the way to make a high reputation. 

While studying under Sir Michael Foster, 
he joined the little band of young men that 
afterwards developed into the famous 
physiological school of Cambridge. Romanes 
took up one of the most difficult problems 
in the study of living forms. He set him- 
self the task of trying to discover in jelly- 
fishes evidence of the nervous system easily 
perceived in the higher animals. His suc- 
cessful investigations went to show that 
nerve tissue, when it first appears on the 
scene of life, possesses the same fundamental 
properties as it has in the higher animals. 
It was the most important piece of work 
that had been done in any department of 
the study of animals without a backbone. 
By it Romanes became famous. 

In the meantime, he had attracted the 
notice of Darwin, on leaving Cambridge, by 
a letter in “ Nature.” Darwin sent him a 
friendly letter, and the acquaintance then 
made quickly ripened into something that 
was more than a friendship. Romanes felt 
for Darwin a love deeper than he had felt 
for his own father. Inspired by the master, 
the young man of science took up the pro- 
blem of the evolution of animal intelligence. 
At Darwin's suggestion he obtained a young 
monkey, and kept the creature in his house. 

and observed its growth of mind. Mrs. 

Romanes became a mother about the same 
time, and the baby was also studied by the 
enthusiastic Darwinian, with a view to com- 
paring the development of its intellect with 
that of the monkey. If Mrs. Romanes had 
not vehemently objected, the child and tlu* 
monkey might have been brought up in the 
same nursery. Romanes spent much of his 
time in the Zoological Gardens, and taught 
Sally, the famous chimpanzee, to count up 
to five, and pick up and give him any straws 
up to that number that he asked for. She 
seldom made a mistake. After many experi- 
ments, observations, and studies, Romanes 
brought out his book on " Mental Evolution 
in Animals,” in which he did much to com- 
plete the evidence for the evolutionary view 
of the origin of man. 

By this time, however, lie was beginning 
to grow dissatisfied with the theory () f 
natural selection. On this theory it was 
supposed that living forms have always 
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tended to vary slightly from generation to 
.rpneration, and that, as the slight variations 
became useful in the terrible struggle for 
life, new species were gradually built up 
Imm them. Romanes thought that this had 
ll( ,t always occurred. It seemed to him 
that a species might change by a sudden, 
large variation produced by the mysterious 
play of the inner nature of the organism. 
Characteristics quite useless in the struggle 
m ight be generated by the power of the 
organism itself. Such useless characteristics 
are known to exist in many forms of life, 
and Romanes argued from their existence 
to the existence* of useful variations pro- 
duced in the same way without the gradual 
dfting agency of natural selection. 

He' published a short sketch of his ideas 
with the object of inviting criticism and 
help. He reckoned it would take him ten 
or fifteen years to collect all the evidence 
and arrange the material in his notebooks. 
Hut just as he was entering on the great 
work of his life he was struck clown by 
paralysis. He then gave up his big scientific 
work, and dictated notes for the study of 
tlu* Christian creed in the light of modern 
science. He came to the conclusion that 
Darwinism added nothing to the difficulties 
of faith, but rather that, by bringing more 
evidence of the unity of Nature and the 
reign of law, it indicated behind the material 
universe a mind of a higher nature than 
ours, yet akin to ours. So he returned 
to the "faith of his fathers a little while 
More he died, on May 23, 1894. 

SIR RONALD ROSS 
The Finder of the Malaria Mosquito 

Sir Ronald Ross is the son of General Sir 
f. C. R. Ross, and was born on May 13, 
1^57- Educated at St. Bartholomew’s 
Hospital, London, he entered in 1881 the 
Indian Medical Service, and spent seven 
years wandering from Madras to Bangalore, 
faun Burma to the Andaman Isles. His 
duties as an Indian Army doctor were not 
heavy, and he took to writing novels and 
'erscs. Suddenly it struck him that the 
widespread sickness of the people of India 
was the cause of their bodily and intellectual 
^‘gradation, and he began to wonder if 
ancient Greece and ancient Rome had had 
dieir strength sapped in the same way. He 
^" ,ls struck by the problem of malaria 
trough finding that from half to a quarter 
y the total sickness in many tropical 
omntries was caused by it, the natives of 
J n dia being killed or permanently weakened 
ln enormous numbers by the malady: 


Giving up novel-writing, Ross resolved to 
devote his life to the conquest of this world- 
wide plague. 

During leave in England in 1889, he 
studied bacteriology with a view to investi- 
gating the cause of the disease. But the 
laborious researches lie made on returning to 
India did not bring him much nearer his 
goal. A Frenchman, Laveran, had dis- 
covered the malaria parasite in Algeria, in 
1880, but the young British surgeon was 
not well acquainted with Lavcran’s work. 
During a visit to England, however, in 
1894, he met Sir Patrick Manson, who 
had gone into the matter, and discussed 
with Ross the Frenchman’s theory that 
mosquitoes were the carriers of the disease. 

When back in India, Ross took up the 
study of mosquitoes — a practically new 
ground in science — and found that little 
was recorded about their structure and 
habits. In May, 1895, he fed two kinds of 
gnats on patients suffering from malaria, 
and discovered the parasites in the blood of 
the insects. In August, 1896, Mr. Appia, 
the assist ant -surgeon of the Civil Hospital 
at Bangalore bravely submitted to a 
dangerous experiment. The two kinds of 
gnats that Sir Ronald had been studying 
were allowed to feed on malaria patients, 
and then bite him a few days later, when 
the parasites should have developed. There 
was, however, no result. 

His repeated failures convinced Ross that 
he had been working with the wrong kind 
of mosquitoes. In April, 1897, he went to an 
intensely malarious district in the Nilgiri 
Mountains, to see if he could discover 
another likely kind. There, for the first 
time, he saw an anophcline mosquito, which 
is the true carrier of malaria- the other 
kind of gnats he first experimented with 
being responsible for yellow fever, and 
perhaps other maladies. On August 20 Sir 
Ronald Ross traced the malaria parasite in 
two large, dappled-winged mosquitoes, which 
he had bred from the larva stage, and fed on 
a case containing infected food. This ob- 
servation gave him the clue to all that 
followed, because it indicated the position 
of the parasite in the mosquito, and also 
the variety of mosquitoes capable of carry- 
ing it. The problem was practically solved, 
and only details and formal proofs needed 
to be ascertained. 

It is not altogether a wise thing for a 
young officer in the Indian Medical Service 
to take up scientific research, for if he 
makes a discovery he becomes the object of 
jests, sneers, and positive dislike. His 
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scientific work tells against him in two ways. 
It looks, in the first place, as though he 
were trying to win promotion out of his 
turn, by an unfair display of genius. In the 
second place, his discoveries disturb the 
routine of a placid and not very energetic 
State service. Sir Ronald Ross did not 
succeed in winning fame and influence in 
India by one of the greatest discoveries in 
th2 history of medicine. No real attempt 
was made for some years in India to prevent 
malaria in Calcutta and other important 
towns by the methods he had worked out. 
Happily, the world outside India soon recog- 
nised the importance of the Indian Medical 
Officer’s discovery, and in 1899 he was 
appointed director of the newly established 
School of .Tropical Medicine in Liverpool. 

In September, 1902, the Suez Canal 
Company gave him an opportunity of fight- 
ing malaria at Ismailia, a town on the canal. 
The place was swarming with mosquitoes. 
A mosquito brigade of four men attacked 
the breeding- pi aces of the insects. - Within 
a year, the cases of malaria were reduced 
from 2000 to 214. At the present time, 
endemic malaria has entirely disappeared. 
In 1902 Sir Ronald Ross was awarded the 
Nobel Prize for medicine, and he has 
recently retired from the directorship of the 
Liverpool School of Tropical Medicine, but 
he is still working hard at the problems of 
insect-borne diseases. 

CALEB WILLIAMS SALEEBY 
A Modern Crusader 

Caleb Williams Saleeby, whose share in 
the making of this work demands the most 
generous acknowledgment, was born at 
Worthing an almost incredibly short 
number of years ago ; and he is still, while 
he is helping to write the last pages of 
Popular Science, on the hopeful side of 
thirty-five. But in his case, if in any man’s, it 
may be said that both sides of thirty- five, or 
both sides of any age, are sure to be hopeful. 
If Dr. Saleeby was not born an optimist he 
has reasoned himself into an optimism 
which survives all the hard disappointments 
and bitter realities of the world. 

It is easy to understand how he came to 
give up the prospect of a brilliant career as 
a physician. Graduating first of his 
year at the University of Edinburgh; at 
twenty-six he had become a fully qualified 
physician ; and at twenty-eight had won the 
coveted Fellowship of the Royal Society of 
Edinburgh. In these same early years he 
took upon himself the responsibility of the 
life of resi !ent physician at the Maternity 
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Hospital and Royal Infirmary, Edinburgh 
- But, though the life of a doctor was natur- 
ally congenial to one with so high a com op- 
tion of the solemnity of life, and though a 
university career of rare industry and 
scholarship had placed him on the road t„ 
greatness in his chosen path, the essential 
restraint of a medical career must liay t . 
been irksome to a man with a passion f« r 
crusading in his blood. And so, like a few- 
other distinguished men, Dr. Saleeby burst 
through the bonds of etiquette laid down 
by the General Medical Council, gave up 
his practice, and became, in deed as well 
as in name, a Crusader for the things in 
which he earnestly believed. In deed and 
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in name, we said, for the Saleebys were 
Crusaders in Palestine a thousand years ago, 
and the name rises in the home of Chris- 
tianity and grows out of Christianity d 4 ^ 
— Saleeb , cross ; bey , for. Dr. Saleeby, 
therefore, inherits the traditions of a 
Christian family in Palestine from the time 
of the Crusaders. An earnest preacher of 
the modern gospel of heredity, he is him- 
self a notable example of its truth, for on 
both sides he comes of a line such as he 
might have wished to have for his ancestry. 
His father, upholding the name of his house, 
set up the first schools in Mount Lebanon, 
which spread, like cedars of Lebanon, until 
one writer called them " the most explosive 
force in the Sultan’s dominions.” That was 
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Ion# ago now, and we know the explosion 
that has taken place in Turkey. What we 
,} 0 not know is the extent to which the 
founder of the schools of Lebanon may have 
sown Hie seed which bore the fruit. On his 
mother’s side. Dr. Saleeby is two generations 
amoved from Dr. Caleb Williams, the 
Quaker doctor who, nearly sixty years ago, 
urote a book trying to prevent criminal 
lunatics from being hanged in England, and 
who was for forty years visiting physician 
to the Retreat, at York, the first humane 
asvluin in the world. 

In this line of succession Dr. Saleeby 
has devoted himself to the task of preaching 
the science of good living to the people. 
It is fortunate for the science of eugenics 
that it has found, in its youth, so ardent 
and eloquent and vigorous a champion as 
he. A disciple of Sir Francis Galton, Dr. 
Saleeby has paid tribute to the memory 
of that great man by a tireless zeal in 
carrying on the work that he laid down. 
More than any other man, Dr. Saleeby 
stands for eugenics in this country ; he it 
was who first used the word " Eugenis t n to 
describe the adherents of this new school 
of human welfare ; he it is who has written, 
in these pages the first full, popular 
statement of the meaning of eugenics ; 
he it is who, at hundreds of meetings in 
Great Britain and abroad, has preached 
eugenics without ceasing, until it may be 
said that the mere mention of eugenics 
calls up his name, and the mention of his 
name brings eugenics to our mind. And 
it may be said here that the eugenics 
preached by Dr. Saleeby have no relation 
to the poor thing of which we hear from 
certain loud critics inside and outside the 
House of Commons. Those who have read 
these pages know the things in which Dr. 
Saleeby believes, the causes to which he 
gives his life ; and the passionate fervour 
with which he holds his faith. 

In this age of specialists Dr. Saleeby has 
Si; t himself to sec life whole, to survey 
die whole realm of science, and to try to 
Mow its universal movement ; and there 
art ‘ h:w men better informed. Consequently, 
perhaps, there are few men more sought for 
0,1 Hie lecture platform, or at public meetings 
"'here sociai and moral themes are being 
discussed ; and in such questions as infant 
mortality, the scientific aspect of alcohol, 
the care of the feeble-minded, and kindred 
j^biccts the advocacy of Dr. Saleeby has 
been an effective force.* On the platform, 
with his pen, he is picturesque apd 
forceful. One of the most frequent public 


speakers in Great Britain, as well as one 
* of the busiest writers, he may be said 
never to have left an audience as he found 
it. A well-known critic and litterateur 
declared, after hearing Dr. Saleeby speak, 
that “ I do not know where I have seen 
a more vivid illustration of the power of 
speech.” It may be said, in brief, that 
Dr. Saleeby is one of the great popularisers 
of great ideas ; and as there are few public 
men who speak’ so often, in so many places, 
it may be said also that there arc few who 
win so many supporters of good causes. 

An unconquerable believer in the triumph 
of good over bad, with an unquenchable 
faith in right against might, Dr. Saleeby 
looks out upon the world and sees it fair. 
Caring for nothing except as it contributes 
to Life itself, and to the highest Life, he 
preaches fearlessly the gospels of John 
Ruskin and Herbert Spencer and of what- 
soever other heroes there be. His books 
must count a dozen — on evolution, woman- 
hood, parenthood, and other aspects of 
eugenics. He has lectured at the Royal 
Institution, read papers before innumerable 
societies, inspired and promoted conferences, 
and conducted controversies with charac- 
teristic vigour, being, like Shakespeare and 
Sir Isaac Newton and other mere humans, 
sometimes right and sometimes wrong. 
But it is one of the marks of I)r. Saleeby 
that lie is not afraid of the perils of our 
common humanity ; and to such men comes 
a noble share of our common heritage. 

EDWARD ALBERT SCHAFER 
A Great Physiologist and Life-Saver 

Edward Albert Schiifer was born in 
London in 1850, and studied at University 
College, where he became assistant pro- 
fessor of physiology in 1874. In 1883 he 
became Jodrell Professor there, and since 
1899 he has been Professor of Physiology 
in the University of Edinburgh, where lie 
exerts an enormous influence upon the 
medical practice of the present and the 
next generation. From 1895 to 1900 he 
was general secretary of the British Asso- 
ciation, and in 1912 he was its president. 
He has received numerous honours at home 
and abroad, of which one is most unusual, 
and merits explanation, for in 1909 he 
received the Distinguished Service Medal 
of the Royal Life-Saving Society. 

This has reference to the most con- 
spicuous piece of research accomplished by 
Professor Schafer since he went to Edin- 
burgh. For very many years the accepted 
method of practising artificial respiration 
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in the case of the apparently drowned was 
that known by the name of its inventor, 
Dr. Sylvester. But the question arose 
whether a better method might not be 
devised, and Professor Schafer, shortly 
before he left London, was asked by a 
great medical society to study the question 
afresh. He did so by means of a long 
series of researches which involved the 
drowning of a number of dogs, and an 
examination of the facts of respiration, and 
the relative value of various artificial 
methods for its restoration. Professor 
Schafer found that there is one means of 
“ restoring life " which surpasses all those 
formerly employed. This is the now 
universally taught and practised “ Schafer 
method, " which has been successfully 
applied in many cases of immersion, and 
on account of which its inventor- received 
the medal above referred to. The essence 
of the method consists in the fact that the 
subject is placed fact; downwards, and that, 
the chest is gently squeezed by the hands 
of the operator, who stands or squats 
astride over him. By this method one 
person, unaided, can do all that is necessary 
to save life — an all-important advantage in 
many cases. The lungs and air-passages 
are automatically emptied of water, sticks, 
stones, mud, etc. ; the tongue cannot fall 
back and choke the patient ; and the 
interchange of gases, as Professor Schafer 
chemically proved in his experiments, is 
superior to that obtained in any other way. 
In a word, the Sch.'ifer method has every 
kind of superiority, and no disadvan- 
tages. 

The chief part of its inventor's work has 
lain in quite other directions. He has 
studied the nervous system, and added 
much to our knowledge of the nervous 
tracts which convey the impulses of volun- 
tary motion from the cortex of the brain to 
the nerve-centres in the spinal cord. This 
study of the “ paths of volition " represents 
much of Professor Schafer's special interests 
in physiology. He is also a notable micro- 
scopist, anti has written a generally used 
textbook on the minute anatomy of the 
tissues, or " histology," as it is technically 
called. But the most subtle and original 
part of his work has dealt with the internal 
chemistry of the body, and, above all, with 
the production of “ internal secretions " by 
various glands that profoundly influence 
the activities of other parts of the body. 
This almost new branch of physiology has 
been since developed in extraordinary 
degree by Professors Starling and Bayliss, 
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who carry on Schafer's work at Universitv 
College. The understanding of many form* 
of disease is beginning to flow from tlx 
opening of this new door into the arcana nj 
the living body. 

Professor Schafer has somehow found 
time, with all his experimental work, to d< 
a great deal of writing. He is the editor n| 
the “ Quarterly Journal of Experimental 
Physiology," of “ Quain’s Anatomy," and 
a foremost writer of textbooks, alike U 
elementary and advanced students. The 
most notable of all his writings is the most 
recent — his Presidential Address to the 
British Association in Dundee in 1912 
Therein Professor Schafer revealed his view* 
upon the ultimate scientific and philosophi 
cal question upon which his own special 
researches have not borne, and upon whirl 
he cannot be regarded as an authority. Hi* 
address was an able and dogmatic statement 
of the mechanistic or materialistic theory 
of life, which was in the ascendant whir 
Professor Schafer was a young student 
and which, in his address, sounded like ar 
echo from those days of more than a genera- 
tion ago. In some respects this addict 
indeed, aroused more attention and run 
troversy than almost any delivered from 
the presidential chair of the British Assoria 
tion since Tyndall’s of 1874. The essentia' 
statement of the Belfast address and of tlx 
Dundee address is the same — that life is a 
special case of the transformations of niattei 
and energy, and that it can be complete!} 
explained by the laws of the materia’ 
world. 

Mind, according to Professor Schafer 
may be ignored in this discussion ; and lx 
dogmatically declares that death ends all 
The student of today who has some ac 
quaint ance with the great contemporary 
students of the nature of life — to when 
Professor Schafer made but a single con 
temptuous allusion in passing - --must deplon 
the delivery of this address ; but we an 
bound to be grateful to its author for hi- 
many and notable discoveries in physiology 
and for his great services to the apparent!} 
drowned. If a prophecy may be venture* 
it is that, in the near future, the students 0 
the nature of life — such as Professor Ben 
jamin Moore — will find in Professor Sc ha 
fer’s own observations upon the inteina 
chemistry of the body some of the mo>i 
cogent evidence for the existence of purpos 
in living things. Indeed, it remains to b 
seen what Professor Schafer’s last, as dis 
tinguished from his latest, opinions on tin- 
ultimate question may be. 
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SIR JAMES YOUNG SIMPSON 
The Creator of Painless Surgery 

Sir James Young Simpson was born at 
[tat ligate, Linlithgowshire, on June 7, 1811, 
lu* youngest of seven sons of a village 
jakcr, who with rare heroism submitted 
liar fully to much privation to enable the 
Taiins of the family to receive a university 
^duration. Simpson had a very successful 
'aarr at Edinburgh, graduated M.D. at 
twenty-one, was senior president of the 
Knyal Medical Society of Edinburgh at 
twenty-three, and, five years later, pro- 
fessor of midwifery. He became one of the 
most famous surgeons of his day; and 
although, as the result of one of those 
nirious limitations from which many fine 
minds suffer, he was resolutely opposed to 
the Faster system of antiseptic surgery, yet 
his own contributions to surgical methods 
were of prime importance. Here, however, 
we arc concerned with his inestimably bene- 
ficent labours as the introducer into surgery 
of the use of anesthetics. 

The subject was not new. During the 
preceding half-century suffering humanity 
had had the great gift almost within reach. 
Davy, at the close of the eighteenth century, 
had given the world the results of his experi- 
ments with nitrous oxide, and as nearer our 
own day Simpson himself prophesied the 
coining of a time when “ by the concentra- 
tion of electrical and other lights we may 
render many parts of the body, if not the 
whole body, sufficiently diaphonous for the 
inspection of the practised eye of the 
"iirgeon ” — which seems clearly to forecast 
the advent of the X-rays — so the youthful 
Davy had prophesied the use of laughing- 
gas for annulling pain during surgical opera- 
tions. In Simpson’s day an American 
dentist had successfully anaesthetised and 
operated upon a patient suffering from 
toothache, yet the operating ward of the 
hospital and the sick-room of the surgeon’s 
patient were still the scene of horrors as 
hideous as when Paleolithic man trepanned 
his damaged fellow. 

Simpson’s biographer has preserved the 
Poignant letter of a patient who recalled the 
pi e -anesthetic days. “ Before the days of 
anesthetics a man prepared for an operation 
like a criminal preparing for execution. He 
Glinted the days till the appointed time 
r anie. He counted the hours of that day till 
*he appointed hour came. He listened for 
the echo in the street of the surgeon’s car- 
Jtage. He watched for his pull at the door- 
l) dl, for his foot on the stair, for his step in 
the room, for the production of his dreaded 


instruments, for his few grave words and 
his last preparations before beginning. And 
then he surrendered his liberty, and, revolt 
ing at the necessity, submitted to be held 
or bound, and helplessly gave himself up to 
the cruel knife.” 

Simpson heard of the American dentist's 
success with sulphuric ether, and tried it 
at once with excellent results in obstetric 
cases. But he sought a more portable and 
manageable anaesthetic. He appealed to 
the scientific chemists of the day for 
drugs with which he might experiment. The 
romance of chloroform may be found on 
page 3678 of this work. The courage of 
Simpson and his friends in trying these 
drugs of unknown potency cannot be over- 
estimated. But the world little knows to 
what lengths the enthusiastic quest of 
Simpson carried him. Lord Playfair has 
recorded a dramatic instance. In his 
autobiography occurs the following startling 
story of the days when he and Simpson were 
both in Edinburgh : 

“ Simpson was constantly experimenting 
with new anaesthetics. On one occasion he 
came into my laboratory to ask whether 
I had any new substance likely to produce 
anaesthesia. My assistant, Dr. Guthrie, 
had just prepared a volatile liquid, bromide 
of ethylene, wFiich I thought worthy of 
experiment. Simpson, who was brave to 
rashness in his experiments, wished to try 
it upon himself in my private room. This 
I absolutely refused to allow, and declined 
to give him any of the liquid unless he 
promised me first to try its effects on rabbits. 
Two were procured, and under the vapour 
quickly passed into anaesthesia, coming out 
of it in due course. Next day Simpson 
proposed to experiment upon himself and 
his assistant with the liquid, but the assistant 
suggested that they should first see how the 
rabbits had fared. They were both found 
to be dead ! This has always appeared to 
me to be an excellent argument for experi- 
ments on living animals. By the sacrifice of 
two rabbits the life of the greatest physician 
of his time had probably been spared.” 

The story of the troubles by which 
Simpson was beset in gaining acceptance of 
his pain- annulling agency for surgical work 
has already been told. It is unnecessary to 
emphasise the value of his discovery and 
labour. Thanks tp his merciful revolution, 
the remotest vital organs of the human organ- 
ism are now accessible to the surgeon, and 
operations, rendered safe by the very means 
which Simpson by a strange irony con- 
temned, are now undertaken every day for 
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the saving of lives which, prior to his age, 
must inevitably have l>een sacrificed. The 
discoverer of the use of chloroform, as has 
been shown, extended his activities to 
many aspects of his calling, and the present 
generation benefits from the results of his 
skilful investigations. Created a baronet in 
1866, he attained universal fame in his own 
day, and after his death, which occurred in 
London on May 6, 1870, was commemorated 
by a bust in Westminster Abbey, which re- 
cords that to his “ genius and benevolence the 
world owes the blessings derived from the use 
of chloroform for the relief of suffering.” 

JOHN ARTHUR THOMSON 
A Great Student of the Meaning of Lief 

John Arthur Thomson was born in East 
Lothian on July 8, 1861, and was educated 
at the University of Edinburgh, and in 
Germany. When he was twenty-eight, there 
appeared the volume on “ The Evolution 
of Sex,” in which he collaborated with 
Professor Geddes, his senior by seven years, 
and which has carried the names of both 
wherever the science of life is studied. For 
many years after this date Professor 
Thomson lectured on Zoology in the School 
of Medicine in Edinburgh, and his “ Out- 
lines of Zoology ” was widely used by his 
students and those within the academic 
walls. This volume is now in its fifth 
edition, and maintains the tradition of a 
zoology that recognises not merely structure, 
but function, not merely mechanism, but 
the activity for which the mechanism exists. 
In 1899 Professor Thomson was appointed 
to the Chair of Natural History in the 
University of Aberdeen. 

Actual research has not claimed much of 
Professor Thomson’s time, for he has been 
closely engaged with professorial duties, 
and his inclinations are those of the critic 
and philosopher of life. He belongs to the 
schodl of those who study what Driesch 
calls the “ philosophy of the organism ; ” and 
for every hundred men who can do useful 
research there is not one who, like Professor 
Thomson, can appraise the results of 
research, see their meaning, and indicate 
the lines of future progress. The biographer's 
concern in this case is therefore with the 
numerous and valuable writings of this 
author, who must be ranked as the leading 
writer on general biology in this country at 
the present time. His works may be dealt 
with in groups. 

“ The Evolution of Sex ” has in it more 
of Geddes than Thomson, and has been 
referred to in the biographical notice of the 
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senior author. The “ Outlines of Zoology »» 
must be classed with the volume « , ri 
“ Heredity,” published in the “ Progressive 
Science Series.” It is the recognised com- 
pendium and summary of heredity in our 
language, and indispensable for the student, 
since it contains so many quotations ami 
references of the first importance. 

Professor Thomson was always a cautious 
author, with much of the Scotsman’s 
traditional “ canniness,” and he has \xvn 
severely criticised, as by Professor Punm tt, 
for the fashion in which he seems to give his 
blessing impartially to various theories of 
heredity which are more or less incom- 
patible. The criticism is perhaps not 
wholly unjust, but the consistent temper 
of this author’s mind breeds great confidence 
in him, and has its advantages for the 
student. He follows the deep and difficult 
advice of the late Lord Acjton — to under- 
stand the case one rejects as thoroughly as 
that which one accepts — and the fairness of 
his mind is one of its most valuable qualites. 
Thus he was one of the very few biologists 
who extended open hands to Mendclism, 
and yet, af the same time, he saw and sees 
how very far even Mendclism is from 
explaining the origin of progressive varia- 
tions. No enthusiastic partisan will find 
full satisfaction in Professor Thomson’s 
writings, but he may find a road towards a 
wider survey of the truth. 

Thus, while Professor Thomson is one «>f 
the most useful and searching critics <>i 
eugenics, and has forcibly and repeatedly 
insisted upon the importance of nurture, 
when one school of eugenists have denied 
or belittled its importance, he is still able to 
write such a sentence as this : “ There can 
be no doubt that it would ‘ pay ’ the British 
nation to put aside a million a year lor 
research on eugenics.” An author is more 
than a cold-water critic who can treat a new 
project thus, and his criticism of it gains 
incalculably in force thereby for those who 
are really concerned to learn. 

Another group of volumes must rank as 
more definitely original and constructive, 
notably, “ The Science of Life ” and 
“ Darwinism and Human Life,” public’ 
in 1910, and embodying a scries of lectures 
delivered in South Africa. Lastly, there is 
the little volume " Evolution,” written 
with Professor Geddes again, and con- 
tributed to the Home University Library, 
part of which Professor Thomson is now 
engaged in editing. This little book, p' lb j 
lishea as recently as 1911, may be quoted 
as giving the very essence of Professor 
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Thomson’s teaching in its most mature form. 
\\v was one of those biologists who never 
howed the knee to Mechanism when it 
Wil s in its heyday, and so he welcomes 
jicrgson and Driesch, and is prepared to 
hear their contributions to his science, as he 
w:l s prepared to welcome the arithmetical 
ra tios of Mendelism a dozen years ago. In 
this volume all that was true in. the teaching 
of Darwin is recognised and incorporated. 
The reader will find the spirit and the sub- 
stance of Darwin here, but the trivialities 
of “ Darwinism ” are ignored; and the 
reader is warned that we must leave to our 
successors “ that rich mastery of the evolu- 
tion secret we once hoped for.” The book is 
much to be commended, and it forms an 
intimate biographical nbte upon the minds 
of both its authors. 

In the more technical discussions of 
biology, Professor Thomson acknowledges 
himself a Weismannian, and has done great 
service for the teachings of Weismann in 
this country. He has been blamed for the 
very cautious fashion in which he accepts 
the Weismannian view that “ acquired 
characters arc not transmitted,” but those 
who follow the advance of experimental 
evolution, especially upon the other side of 
the Atlantic, are aware that Professor 
Thomson’s caution was abundantly justi- 
fied, and that the Weismannian view is 
vastly nearer the truth, when stated as he 
states it, than in the thoroughgoing — and, 
in fact, uncritical and inaccurate — form 
which it assumes in the hands of such hearty 
advocates as Dr. Archdall Reid. 

Professor Thomson’s last writing is his 
“ Problems of Sex,” which was written with 
• Professor Geddes as a “ New Tract for the 
Times,” published for the National Council 
of Public Morals by Messrs. Cassell. This 
little “ tract ” has been, and will be, widely 
read in this country and the United States. 
Since its publication he gave in London, 
late in 1912, a lecture for the National 
Council, entitled " The Other Side of 
Heredity," in which the correlative im- 
portance and mutual dependence of 
“ Nature ” and " nurture ” were subtly and 
profound^ considered. It is to be hoped 
that this lecture may be published, and 
that, in years to come, the author may find 
time for the production of what should be 
his magnum opus , a treatise dealing with 
the problem of “ creative evolution ” from 
the standpoint of the naturalist, and form- 
ln .g a great and fundamental part, together 
"itli the work of Bergson from the psycho- 
logical standpoint, of that future edifice 


the science of life and mind, as it shall be 
revealed to life and mind when they have 
climbed higher yet. 

SIR WILLIAM TURNER 
A Master of Anatomy 

William Turner was born in Lancaster 
in 1832, and studied medicine in London, at 
St. Bartholomew’s Hospital. He never 
practised, but at the age of twelity-two 
began to demonstrate anatomy under the 
great Goodsir in the University of Edin- 
burgh. In 1867 he succeeded Goodsir in the 
Chair of Anatomy, at that time already the 
most famous in the world, and he held it 
until 1903. During that period of more than 
a generation, Sir William Turner taught a 
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host of men, from whom Chairs of anatomy 
throughout the British Empire are now 
recruited, and he has been the subject of a 
memorial, presented by his pupils who now 
teach anatomy throughout the world. 

Innumerable honours have fallen to this 
great master of research and of teaching. 
He was knighted in 1886, and made K.C.B. 
in 1901 ; he is a Knight of the Royal 
Prussian Order of Merit, and holds honorary 
degrees from universities throughout the 
world. From 1898 to 1904 he was President 
of the General Medical Council. In i960 he 
was President of the British Association. 
When he retired from his Chair, in 1903, he 
became Principal and Vice-Chancellor of 
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the University of Edinburgh, which he has 
since continued to rule with a beneficent 
rod of iron. He has been President of the 
Royal Society of Edinburgh since 1908. 

Sir William Turner has written no books, 
but has edited the “ Journal of Anatomy 
and Physiology ” for many years, and con- 
tributed largely to the “ Reports of H.M.S. 
Challenger/' His original researches in 
anatomy are various, and include much 
comparative work, as in his studies upon the 
anatomy of whales. But he has been called 
“ the grand master of placental research/' 
for his famous work upon the anatomy and 
the functions of the placenta in the mamma- 
lian order, of which this organ is the great 
characteristic. Indeed, Turner and other 
students have taught us to call all the 
mammalia, except the very lowest , such as the 
Australian duck-mole, by a name of their 
own, the Placentalia, to indicate the fact that 
in them has been developed the unique 
organ whereby the young are nourished 
from the mother’s blood before their birth, 
and so can develop, slowly and securely, 
that ever-increasing complexity of nervous 
organisation upon which the highest 
mammalia, the human species, depend. 
Much has yet to be learnt about the placenta, 
its nourishment of the new generation, its 
double origin from the tissues of the mother 
and of her child, and its adaptive functions, 
in the conditions of the modern life of man, 
as a filter, holding back from the new young 
life many injurious agents which would 
otherwise have to be ranked as “ racial 
poisons/ 1 But the firm and wide founda- 
tions of our present and future knowledge 
were laid by Sir William Turner in his 
comparative study of the placenta many 
years ago. He lives at a great and active 
age to see the fruits of his labours, not only 
in science, but in the approaching steps of 
those who will demand and obtain the 
protection of expectant motherhood as 
never yet in history outside the tiny pro- 
portion of the human race which has been 
guided by the hygienic laws of Moses. 

RUDOLF VIRCHOW 
Founder of Modern Pathology 

Rudolf Virchow was born on October 13, 
1821, at Schivelbein, in Pomerania, and 
studied medicine in Berlin. He had a 
long and distinguished career as a teacher 
in Wurzburg and Berlin, and was for many 
years Director of the Pathological Institute 
there. Virchow was a many-sided man, find- 
ing time, for instance, to become President 
of the German Anthropological Society, in 
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which post he did much real work ; t 0 
investigate lake-dwellings, and to accnm- 
pany Professor Schlicmann to Troy. pp. 
wrote various books and papers in Conner, 
tion with these parts of his work. He was 
also an active politician in the rare, real 
sense of that word, being for some time 
Leader of the Opposition in the Reichstag, 
and foremost opponent of Bismarck. The 
drainage, the water-supply, many of the 
hospitals and other advantages of Berlin 
it owes directly to this great man. Perhaps 
the greatest hospital in Berlin of today is 
that which bears his name. 

But, above all, Virchow was the founder 
of the “ Cellular Pathology/* That is the 
name of his great work, which was published 
in 1858. Harvey had taught, for life in 
general, the famous dogma, “ omne vivnm 
ex ovo ” — that every creature is developed 
from a pre-existing ovum or egg. Virchow 
went further, and to him, above all, we owe 
our knowledge of the fundamental truth 
that every living cell, of every creature, 
whether in health or in disease, is derived 
from a pre-existing cell. This truly epoch- 
making discovery may be briefly sum- 
marised in a Latin formula, “ omnis celhiln 
e cellnla ,** which is the modern amplifi- 
cation of Harvey’s. 

Even in his student days Virchow made 
observations upon the healing of scratch^ 
of the eye. which showed him that tin* 
new cells, then formed to repair the damage, 
were derived from the existing cells of tin* 
part, and not by a sort of condensation and 
organisation of the fluids present, as w;h 
supposed. To this illustrious student we 
owe, thanks to the long and final researches 
upon which he then engaged, our possession 
of the tremendous piece of knowledge that 
every cell of a tumour, every cell of the 
skin or any part of the healthy body in any 
animal or plant, is the result of division 
and multiplication on the part of pre- 
existing cells. The whole of the problem of 
evolution, and of the origin of life ; the 
whole of the problem of the origin of 
cancer in the living body ; and innumerable 
problems of biological science, normal and 
morbid, general and particular, must pro- 
ceed and be solved upon the basis provided 
by this discovery of Virchow. We owe to 
Virchow, as Lord Lister has said, “ the 
true and fertile doctrine that every morbid 
structure consists of cells which have been 
derived from pre-existing cells as a pro- 
geny,” but, while this doctrine constitutes 
a basis for pathology, it is significant 
throughout the whole field of biology. 
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Tn the nineteenth century many sup- 
posed that Virchow had said the last 
essential word upon pathology. He knew, 
and we all now know, better. He was a 
beginner, in the full sense of the word. 
'Tlio. “ cellular pathology ” requires us to 
study the cell and its chemistry. A new 
pathology, which is essentially chemical, 
requires erection upon the basis provided 
by Virchow ; and that is, in fact, the great 
task upon which our time is engaged. 

Virchow was one of those supremely 
great men who add immensely to human 
knowledge, and yet are never for a moment 
deluded into supposing that they know • 
more than they do. This colossus, tower- 
ing above nearly all the great men of 
science of the nineteenth century, never 
yielded an inch of ground to materialism. 
When Haeckel, in the ’seventies, was 
desirous of teaching “ Darwinism,” so-called, 
in all the schools of Germany, Virchow 
opposed him, declaring that the cause of 
evolution had not been discovered, the 
pretensions of the mechanical school not- 
withstanding. We look back from today, 
and may be grateful. 

The eightieth birthday of Virchow was 
celebrated in Berlin with the homage of 
all the civilised world, learned societies, 
emperors and kings. On September 5, 1902, 
he (lied in Berlin. 

ALFRED RUSSEL WALLACE 
Joint Discoverer of the “ Evolution of Species " 

Alfred Russel Wallace was born at 
Usk, Monmouthshire, on January 8, 1823, 
the son of a well-meaning but rather hope- 
less father. Educated at Hertford Grammar 
School, Wallace drifted into land surveying, 
which fortunately gave him opportunities 
.of developing an inclination for the observa- 
tion of natural objects, animate and in- 
animate. Next he took up school-teaching, 
and at Leicester had the good fortune to 
meet his future fellow-traveller. Bates, with 
whom, in 1848, he set out for what proved 
a four years’ trip to Amazonia — a land 
which at this very day is being re-explored. 

Wallace may well feel “There is a 
divinity that shapes our ends,” for a year 
before they set out, and long before the 
world had heard of Darwin, he wrote to 
bates, “ I begin to feel dissatisfied with a 
mere collection of beetles and butterflies ; 
little is to be learnt by it. I should like to 
take some one family to study throughout, 
principally with a view to the theory of 
Jhe origin of species. By that means, 

1 am strongly of opinion, some definite 
• *s D 
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results might be. arrived at.” The stay on 
the Amazon has already been described 
in the biography of Bates. 

Leaving Bates behind, Wallace returned 
to England but, through the burning of his 
ship, lost all his collections, and narrowly 
escaped with his life. Within a couple of 
years, however, he was off to the Malay 
Peninsula, there to dwell for eight years 
among natives and orang-utans, collecting 
rare specimens, and seeking to rear infant 
orangs orphaned by the guns or other 
weapons of his hunters. Here it was that 
he pondered the great problems of the rise 
and development of life which he had been 
slowly turning in his brain what time 
Darwin, all unknown to him, was arranging 
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his own ideas on the same subject in readi- 
ness for the long delayed “ Evolution of 
Species.” Ten years ago Dr. Wallace wrote 
for the editor of the present publication the 
romantic history of the simultaneous arrival 
by Darwin and himself at the great result, 
and the story cannot be better told than in 
his own words. It is interesting to re- 
member that he had met Darwin only once 
— for a few moments in the Insect Room of 
the British Museum — but they had corre- 
sponded in 1854 over a paper which Wallace 
had written on the skirts of the subject : 

“ In February, 1858, I was living at 
Ternate, one of the Moluccas Islands, and 
was suffering from a sharp attack of in- 
termittent fever, which obliged me to lie 
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down every afternoon during the cold and 
subsequent hot fits, which lasted together 
two or three hours. It was during one of 
these fits, while I was thinking over the 
possible mode of origin of new species, that, 
somehow, my thoughts turned to the 
* positive checks 1 tp increase among savages 
and others described in much detail in 
the celebrated * Essay on Population/ by Mal- 
thus, a work I had read a dozen years before. 
These checks— disease, famine, accidents, 
war, etc. — arc what keep down the popu- 
lation, and it suddenly occurred to me that, 
in the case of wild animals, these checks 
would act with much more severity, and, as 
the lower animals all tended to increase 
more rapidly than man, while their popula- 
tion remained, on the average, constant, 
there suddenly flashed upon me the idea of 
the survival of the fittest — that these indi- 
viduals which every year were removed 
by these causes — termed collectively the 
struggle for existence — must, on the average, 
and in the long run, be inferior to those 
which managed to survive. 

“ The more I thought of this the more 
certain it appeared to be ; while the only 
alternative theory — that those which suc- 
cumbed to enemies, or want of food, or to 
disease, drought, or cold, were in every way 
and always as well constituted as those that 
survived — seemed to be impossible and un- 
thinkable. So deeply impressed was I with 
the importance of this theory and of its far- 
reaching consequences that the very same 
evening I sketched its outlines, and in the 
two succeeding evenings wrote it out in full, 
and sent it by the next post to Mr. Darwin, in 
the confident expectation that it would be as 
new and startling a revelation to him as it had 
been to myself. I asked him, if he thought 
well of it, to show it to Sir Charles Lyell, 
but I said nothing about its publication. 

On its receipt Darwin wrote to Lyell as 
follows, * Your words have come true with a 
vengence — that I should be forestalled. . . . 
I never saw a more striking coincidence ; 
if Wallace had my MS. sketch, written out 
in 1842, he could not have made a better 
short abstract 1 Even his terms now stand 
as heads of my chapters. ... So all my 
originality, whatever it may amount to, will 
be smashed, though my book, if it will ever 
have any value, will not be deteriorated, 
as all the labour consists in the application 
of the theory/ In his great generosity 
Darwin wished to have my paper printed at 
once, and thus give me the priority of publi- 
cation, but on the advice of his closest 
scientific friends. Sir Charles Lyell and Sir 
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Joseph Hooker, he allowed an extract from 
his abstract of 1844 to be presented, jointly 
with my paper, to the Linnsean Society, 
where they were read on July 1, 1858, and 
published in the Society's 1 Journal’ in tho 
following August/' 

The story of the noble abnegation of self 
with which Dr. Wallace stood aside and 
yielded all the glory of the discovery to his 
illustrious co-discoverer well harmonises 
with Darwin’s own chivalrous behaviour in 
the matter. Dr. Wallace's final claim is 
characteristically modest. " The one great 
result which I claim for my paper of 1858, 
is," he says, “ that it compelled Darwin to 
publish his * Origin of Species ' without 
further delay. The reception of that work, 
and its effect upon the whole scientific 
world, prove that it appeared at the right 
moment ; and it is probable that its in- 
fluence would have been less widespread 
had it been delayed several years, and had 
then appeared, as he intended, in several 
bulky volumes, embodying the whole mass of 
facts he had collected in its support. Such 
a work would have appealed to the in- 
itiated few only, whereas the smaller 
volume actually written was read and under- 
stood by the educated classes throughout 
the world." Dr. Wallace, since his return 
to England in 1862, has been an industrious 
publicist, a champion of justice and freedom, 
holding many degrees and distinctions. 

AUGUST WEISMANN 
A Great Student of Heredity 

August Weismann was born at Frankfort 
on January 17, 1834, liis father being a 
teacher of the classics. After studying 
medicine at Gottingen, visiting various 
capitals, and having some practice as a 
physician, Weismann settled down to 
research in biology in his early thirties. In 
1866 he was appointed Professor of Zoology 
at Freiburg, where he has lived, learnt, and 
taught ever since. 

His earliest original work was microscopic, 
but, like many another ardent microscopist, 
he came near to ruining his eyes, and had 
to turn to other inquiries — fortunately for 
science. With true insight, he devoted 
himself to the central problem of organic 
evolution — the origin of variations, as to 
which even Darwin himself had been able 
to reveal nothing substantial. A long 
series of papers were published by the 
young student, and in 1882 they appeared in 
English, under the title “ Studies in the 
Theory of Descent," with an introduction 
by Darwin himself. 
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More than thirty years have passed since 
the publication of this celebrated volume 
jjy Weismann, with its preface by his 
m a$ter, and the rediscovery of Mendel’s 
law has altered the scientific situation 
profoundly, but we are indebted to 
Weismann for the impetus, the ideas, and 
many of the observations which led up to 
that rediscovery in 1900. His views have 
undergone some vicissitudes. He declared 
that a great cause of variations, in all the 
higher animals and plants, is the fact that 
the individual is formed by the union of 
contributions from two parents. There is, 
indeed, a mixing of elements from both, 
which Weismann calls amphimixis and re- 
gards as a fundamental cause of variations. 
Later there was developed in this country 
the statistical or so-called biometric school, 
which endeavoured to contribute to biolo- 
gical problems. Its students measured the 
degree of variation in offspring derived 
from one parent only — by parthenogenesis, 
or virgin-birth — and found that, in various 
particulars examined, the range of variation 
was as great in such cases as where there, 
had been two parents and amphimixis had 
occurred. It needed a subtler study, made 
by those who had some knowledge of the 
nature of the problem involved, to show 
that what the biometricians observed were 
“ fluctuations ” due to varying accidents of 
nurture, and had nothing to do with heredity 
at all. The rediscovery of Mendel’s law 
proved that Weismann was entirely right, 
and that in amphimixis is to be found the 
very seat and cause of, at any rate, a vast 
number of true variations. 

Looking back now, we can thus see that 
Weismann was on the right lines, and can 
understand how it came about that the 
next years of his life were so fruitful, for 
diey witnessed the publication of a scries 
“f papers, and, later, of volumes, in which 
a new theory of heredity is set forth. The 
English reader of today will find the whole 
' ss ence of Weismann’s teaching in the most 
famous of these volumes, which was 
published in the Contemporary Science 
Series, in 1893, under the title “ The Germ- 
™asm : A Theory of Heredity/ 1 The book 
' v °u!d have been very different in many 
respects had its author seen Mendel’s paper, 
it was a great piece of work in its day, 
a u<l must always remain one of the classics 
nf biology. 

u Darwin had declared for a theory of 
Pangenesis.” according to which the 
j llerc ditary material to form the next 
generation is derived from all parts of the 


parent’s body. Weismann offers us a theory 
which is directly opposed to Darwin's, 
declaring that the hereditary material is 
not derived from any part of the parent’s 
body, but from a special source, which he 
called the “ germ-plasm,” and which is as 
old as the parent’s body, and older. In 
Weismann’s own words, he saw “ the neces- 
sity for assuming the existence of a special 
organised and living hereditary substance , 
which in all multicellular organisms, unlike 
the substance composing the perishable body 
of the individual, is transmitted from 
generation to generation. This is the theory 
of the continuity of the germ-plasm .” 

No more suggestive and fruitful idea has 
ever been presented to the minds of biolo- 
gists, and its services to their science have 
been incalculable. Today no one believes in 
“ pangenesis,” while the theory of “ the 
continuity of the germ- plasm,” with some 
reservations and qualifications, is recognised 
as expressing a large portion of the truth. 

But another question arose in Wcismann’s 
mind. If the new individual is not really 
derived from the body of its parent, will 
previous changes in the body of the parent 
affect the constitution of the offspring at 
all ? Here is Weismann’s reply : “My 
conclusions led me to doubt the usually 
accepted view of the transmission of varia- 
tions acquired by the body ; and further 
research, combined with experiments, 
tended more and more to strengthen my 
conviction that in point of fact no such 
transmission occurs.” 

Hence arose Weismannism, or “ Neo- 
Darwinism.” Darwin himself had believed 
that the transmission of acquired characters 
occurs, as would be natural if “ pangenesis ” 
were the real method of hereditary trans- 
mission. But Weismann and his followers 
denied this possibility ; and hence Darwin’s 
own theory of natural selection, regarded 
as very important by its author, became 
all- important. No other factor of organic 
evolution could be admitted, and Weismann 
wrote his famous paper on “ The All- 
Sufficiency of Natural Selection,” which 
involved him in a very vigorous and 
interesting controversy with Spencer. 

Yet even in this case also the Weis- 
mannians have turned out to be far more 
Weismannian than their master. They 
have declared that nothing whatever that 
occurs to organisms can affect the already 
determined quality of their offspring ; and 
we may admit that in his earlier writings, 
perhaps, Weismann gave them some excuse 
for attaching his name to this assertion — 
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as in the sentence we have quoted above. 
But Weismann went on learning. He 
soon discovered that, while his assertion 
in contravention of " pangenesis " was 
true, and while, for instance, the enlarged 
arm of the blacksmith is not transmitted 
to his children, yet the environment, 
including nutrition, may act directly upon 
the germ-plasin within the parental body. 
This is the mature position of Weismann, 
and we may now say that we know it to be 
true; but what he himself, in earlier years, 
called the “ all-sufficiency of natural selec- 
tion " disappears, once we admit that 
nurture may affect future parents so as to 
produce' new types of offspring. Such 
influences may be adaptive ; and at once 
we are admitting the views of Lamarck, 
and " natural selection " recedes into the 
background ! 

The student of Weismann may therefore 
be counselled to avoid and distrust inter- 
preters and apostles of the master who use 
his name against all the evidence of recent 
times' regarding the influence of good 
nurture, or bad nurture, such as the “ racial 
poisons," upon offspring. In the cheap 
and easily accessible volume which is 
Weismann ’s enduring title to fame, the 
reader will find the master anticipating and 
admitting the possibility of just such 
experiments as have been made since his 
book was written. 

A recital of his honours would be weari- 
some, but he delivered the Romanes 
Lecture in 1894, was one of the recipients of 
the "Darwin- Wallace medal at the Linnsean 
Jubilee in 1908, and contributed a masterly 
essay, “ The Selection Theory," to the com- 
memorative volume “ Darwin and Modern 
Science," published at Cambridge in 1909., 

GILBERT WHITE 
Lover of all Living Being* 

Gilbert White was bom on July 18, 
1720, at Selborne, a little village in Hamp- 
shire. He became a fellow of Oriel College, 
Oxford, but returned to Selbome, and 
there, or near there, he lived all his life, 
as a country clergyman. 

White had several brothers, all of whom 
seem to have shared in some degree his 
passion for prolonged and detailed observa- 
tion of natural phenomena. His own 
tastes were satisfied by his native parish, 
from which he never desired to roam. His 
mind was of another order than those of 
the great comparative students of life. 
But, after many years of observations, 
which were used and published by other 
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naturalists, White set himself the task of 
writing " a natural history of my native 
parish, an annus historico-naturalis, com- 
prising a journal for a whole year, ami 
illustrated with large notes and observa- 
tions." The result of this intention wa> 
the “ Natural History of Selborne," which 
was published in 1789. White had had 
no scientific training, had not a systema 
mind, and was very casual in his book- 
making. But he brought to his task a 
deep and beautiful mind, a profound 
sympathy with living things, and the 
power to understand them which can never 
exist apart from such sympathy. 

The nineteenth century, while availing 
itself of many of Gilbert* White's observa- 
tions, found his view of living Nature naive, 
simple, unscientific. He did not see and 
insist upon the " struggle for existence,” 
and the mechanical law of the " survival of 
the fittest," in the facts of the living world. 
He saw intelligence, “ mutual aid," sym- 
pathy, an exquisitely designed order in 
the plants and animals of Selborne, and 
candidly and unqucstioningly described 
what he saw. Today we realise that he 
was not so unscientific, after all. The fads 
which he observed are facts; animals ha\c 
intelligence, in some degree, and perhaps 
plants have also. The living world i> 
informed with mind, as he saw it, after all, 
though perhaps it needs a mind like White’s 
to see and perceive it. This great and 
simple man died, a bachelor, on June j(>, 
1793 ; and the Selborne Society com- 
memorates him. 

SIR ALMROTH EDWARD WRIGHT 
A New Defence Against Disease Germs 

For the last ten years men of science 
from all parts of the world have come to 
London to study in the laboratories of St. 
Mary's Hospital, Paddington. Working 
on the discoveries of Pasteur, the director 
of the laboratories and his staff have found 
a means of fighting every form of di>eas.‘ 
produced by vegetable germs that can be 
seen under a microscope and grown outside 
the human body. What Pasteur did in 
regard to rabies is now being done at St. 
Mary's in regard to bacterial disease 
generally by Sir Almroth Edward Wiik T ( lt - 
Bom in 1861, the son of a Yorkshire 
clergyman famous for his scholarship, bif 
Almroth was educated at Dublin University. 
At twenty-six he was made demonstrator 
in pathology at Cambridge, and, after 
teaching physiology at Sydney, returned to 
England as professor of pathology at Netley. 
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He took up the study of blood in disease, 
with a view to finding in the ]Aood of 
patients some means of testing their 
strength against a disease, and also dis- 
covering the malady from which they were 

tiering. He made his name by his work 
on enteric fever — the scourge of soldiers 
on active service. By his system of pre- 
ventive vaccination he has produced a 
n ■markable diminution of the deaths from 
this disease*in the British Army in India. 
Practically all civilised nations are now 
alive to the value of his preventive method, 
which saves an army from a malady more 
deadly than the shrapnel of an enemy. 

Jn the meantime, Sir Almroth Wright 
has discovered a wonderful power of the 
blood by means of which he is curing many 
kinds of diseases, from a common cold to the 
deadliest form of blood poisoning. His 
method, which he worked out in 1902, is 
based on the fact that there is a certain 
mysterious substance in blood called 
“ opsonin.** This opsonin attacks the germs 
of disease, and so acts on them that they 
become the food of the white corpuscles of 
the blood. It is practically certain that in 
all maladies caused by vegetable germs of 
disease, a patient recovers or dies according 
to the strength or weakness of the opsonins 
in his blood. The opsonic content of the 
blood is measured by a system worked out 
by Sir Almroth Wright and his staff. 

A drop of blood is taken from a patient*s 
finger, and another drop from the finger of a 
healthy person. By comparing the time it 
takes for the fluid part of each blood to act 
on some suspected disease germs, and 
counting under a microscope the number of 
germs devoured by a given number of white 
corpuscles, the opsonic index of the patient 
is obtained. If the figure is very low, it 
shows that the patient is suffering from an 
attack of the suspected microbe ; if the 
figure is very high, it shows that the microbe 
in question is not the probable cause of the 
disease. There are some modifications of 
this opsonic method in complicated cases of 
tuberculosis, but generally speaking it is a 
magnificent instrument in the fight against 
harmful bacteria. 

Sir Almroth Wright has made the further 
and still more important discovery that it is 
possible to increase the amount of opsonin 
jn the blood of a patient suffering from an 
injection of diseased germs that can be seen 
nnder a microscope and taken out of the 
blood and grown in a broth or a jelly. He 
grows the microbes in this way until he has 
obtained a considerable quantity of them. 


He then kills the germs by applying great 
heat to the vessel in which they are con- 
tained, and he floats the dead germs from 
the top of the jelly into a small bottle ol 
sterilised salt water. By this means a 
vaccine is made of the dead microbes, and 
a comparatively small number of them is 
injected just below the skin of a patient by 
means of a hypodermic syringe. As the 
microbes are dead and sterilised, . they 
cannot multiply in the human body, and 
they quickly become the prey of the white 
corpuscles, but at the same time the living 
tissues of the body produce an increased 
amount of opsonin. This attacks the 
living microbes of disease in the system of 
a patient, and the usual result is that the 
progress of the disease is stopped and the 
patient recovers 

The opsonic index of a patient shows to 
an experienced physician of the new school 
what amount of vaccine must be used in 
order to obtain the best stimulus to the 
production of the disease-resisting sub- 
stance in the blood. When Koch made a 
vaccine of the germs of tuberculosis, he 
failed to produce a good effect on con- 
sumptive patients by vaccinating them. 
Theoretically, his method was correct, being 
based upon that which Pasteur employed in 
the case of rabies. Practically, it was 
somewhat worse than useless. It was not 
until Sir Almroth Wright invented his 
opsonic method, and studied by means of it 
the effect of Koch's vaccine, that the 
problem was solved. 

Wright discovered that Koch had used 
much too large doses, and by greatly dimin- 
ishing the quantity of the dose he has 
recently obtained some excellent results in 
tuberculous patients. Moreover, he has 
found that in some cases of tuberculous 
disease the patient can be made to cure 
himself. This is done by carefully regulated 
exercises. The exercise carries the living 
disease germ in small quantities to healthy 
parts of the body. The healthy tissues 
produce opsonin, and this gets into the 
blood-stream, and flows to the parts 
attacked by the disease, and there assists 
the white corpuscles to devour the tubercle 
germs. Sir Almroth Wright's vaccine 
treatment can be extended to every disease 
of which the germ is known and able to 
be grown outside the body. When, for 
instance, a Frenchman, Bordet, discovered 
the germ of whooping-cough, one of the 
staff of Sir Almroth Wright's department 
obtained a vaccine which has proved to be 
a cure for a severe complaint of children. 
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The difficult ascent of the Beardmore Glacier hy a dozen men, seven of whom returned to the base on reaching the vast plateau on 
which the Pole is situated. Five men made the final dash 



I he partv at the South Bole, which was reached on January, x8, 191a. Here they found a letter front Captain Amundsen, who ha I 
arrived a month before. Captain Scott and his companions spent a day making observations 




The heroic self-sacrifice of Captain Oates, who walked out into the blizzard to die. The short struggle onward of Captain Scott, 1 ,r - 
\\ ilson, and Lieutenant Bowers, and the scene of their death in a tent but eleven miles from One Ton cainp 
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EXPLORERS 


HEINRICH SCHLIEMANN— WHO FOUND 
THE ANCIENT MEDITERRANEAN RACE 

SIR ROBERT SCHOMBURGK— BOUNDARY- 
MAKER OF BRITISH GUIANA 

WILLIAM SCORESBY— THE WHALER WHO 
SAILED NEAREST THE NORTH POLE 

ROBERT FALCON SCOTT— THE TRAGIC 
HERO OF THE SOUTH POLE 

SIR ERNEST SH AC KLETON— DISCOVERER 
OF THE SOUTH MAGNETIC POLE 

CAPTAIN JOHN SMITH — FOUNDER OF 
ANGLO-SAXON AMERICA 

JOHN SPEKE — DISCOVERER OF THE 
SOURCE OF THE NILE 

SIR H. M. STANLEY— FOUNDER OF THE 
CONGO FREE STATE 

VILHJALMUR STEFANSSON — A HARDY 
NORSEMAN’S ROMANTIC FIND 

HEINRICH SCHLIEMANN 
Discoverer of the Ancient Mediterranean Race 

it is not long since we used to think that 
1 the Oriental nations had originated the 
civilisation of the world. The European 
races were regarded as upstarts who had 
built upon the work of other peoples. But 
it is now almost certain that the Mediter- 
ranean race, whose territories once stretched 
from Great Britain to India, invented 
metals and civilisation. The Asiatics were 
borrowers, and the Mediterranean is the 
ancient seat of culture. 

Heinrich Schliemann, the pioneer in the 
exploration of the great achievements of 
the Mediterranean race, was a clergyman’s 
son, born on January 6, 1822, at Neu 
Biickow, in Germany. He was well 
educated in his childhood, and at ten had 
written an essay in Latin on the Siege of 
Troy. Family misfortunes put an end to 
all his hopes of a learned career, and at 
fourteen he was apprenticed to a small 
grocer. He had to stand in the shop from 
early morning till late at night, and could 
not find a moment to cultivate his mind. 
Every night he used to pray to God that 
he might be able to learn Greek, but for 
five and a half years he swept out his 
master’s shop and scrubbed the floor and 
served at the counter. When he was 
nineteen he hurt his chest trying to lift a 
heavy cask, and had to find lighter work. 
He tramped to Hamburg, and shipped as a 
cabin-boy on a vessel bound for Venezuela. 

The ship was wrecked off Holland, and 
the lad was- rescued and taken to Amster- 
dam. He became an errand-boy, and learnt 


SIR MARC AUREL STEIN — SPADI 
EXPLORATION IN CENTRAL ASIA 

JOHN McDOUGALL STUART — ACROSS 
AUSTRALIA FROM SEA TO SEA 

OTTO NEUMANN SVERDRUP — THI 
LONGEST ARCTIC VOYAGE . 

ABEL JA'NSZOON TASMAN- DUTCF 
DISCOVERER OF TASMANIA 

ARMINIUS VAMBERY — A WANDEREI 
THROUGH CENTRAL ASIA 

AMERIGO VESPUCCI— THE MAN AFTEI 
WHOM AMERICA IS NAMED 

JAMES WEDDELL— EXPLORATIONS OF A* 
ANTARCTIC SEALER 

SIR HUGH WILLOUGHBY— PIONEER OI 
THE NORTH-WEST PASSAGE 

FRANCIS XAVIER — MISSIONARY 
EXPLORER IN THE FAR EAST 

English and French in a year, and so trainee 
his mind that it took him only six week! 
to acquire a language. Dutch, Spanish 
Italian, and Portuguese were quickly addec 
to his accomplishments. This enabled hin 
to become a corresponding clerk, and b 3 
learning Russian he obtained the manage 
ment of an agency in St. Petersburg. 

This happened in 1846, and in the follow 
ing year he founded a business of his own ir 
the Russian capital, dealing in indigo anc 
tea. When the Crimean War broke out, h< 
became a Government contractor, and mon 
than doubled his capital. By 1858 Schlie- 
mann had made sufficient money to devote 
himself entirely to the fulfilment of his 
dreams. He had learnt Greek, and was or 
the point of starting for Greece when a law- 
suit recalled him to St. Petersburg, anc 
detained him there for some years. If 
was not until 1862 that he was able to wine 
up bis business, and set out on his real worfc 
in life. He first took a long holiday in Japar 
and America, and then settled in Paris, anc 
worked at the science of archaeology. 

In April, 1870, he began his work oi 
excavation, by turning the first sod al 
Hissarlik, in Asia Minor. Against the views 
oi the leading historians of the day, he had 
fixed on Hissarlik as the site of ancienl 
Troy. His chief argument was a spade, anc 
by digging down sixteen feet he uncovered 
the fust ancient wall of the most famous 
fortress in the world. Then the Turkish 
Government interfered, and eighteen months 

E assed before he was allowed to go on with 
is work. And the work itself did not seem 
at first of much importance. The labours 
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of one hundred and fifty men and an 
engineer had to be continued till 1873 be- 
fore the town walls could be traced and the 
great gate of the stronghold uncovered. 

But close to the gate the famous treasure 
of Troy was found, consisting of numerous 
golden ornaments and many vessels and 
weapons of silver and copper. In 1874 
Schfiemann’s book on “ Trojan Antiqui- 
ties ” appeared, but it only brought 
ridicule down upon its author. No scholar 
would believe that Scliliemann had dug up 
Troy. The excavator also got into trouble 
with the Turkish Government over the 
famous treasure, and he was not allowed to 
go on with his work. But this did not daunt 
him. He went to Mycenae, one of the most 
ancient sites in Greece, and found the graves 
of the old kings, and dug up such masses of 
gold as even he, the millionaire, had never 
before seen on one spot. 

Nearly all the ornaments worn by the 
dead — crowns, breastplates, bracelets, and 
earrings — were worked in solid gold, and 
some of the royal tankards weighed four 
pounds each. These treasures were given to 
a museum at Athens, where they form one 
of the most imposing; collections* in the 
world. Mr. W. E. Gladstone now came 
forward as a champion of the German ex- 
cavator ; and by a preface to his second 
book, “ Mycenae," the English statesman 
compelled the world to consider the revolu- 
tion in history that Schliemann had accom- 
plished. In 1879 work was resumed at 
Troy, and gradually Schliemann was helped 
by Virchow, Burnouf, and Dorpfeld. 

He uncovered the palace of the kings 
unknown to Homer, and reached a civilisa- 
tion of Mediterranean origin that had 
existed long before the earliest of the Greeks 
appeared in Greece itself. In short, he dis- 
covered the high civilisation of the great 
Mediterranean race.. With a remarkable 
instinct he traced this civilisation to its 
home in Crete, and began in 1887 to negotiate 
for the excavation of Cnossos. But his 
death, at Naples, on December 26, 1800, 
after an operation, put a sudden end to nis 
magnificent labours, and it has been left 
to Sir Arthur Evans to attack the problem 
of Crete, and trace the gradual evolution of 
the Mediterranean civilisation at Cnossos. 

SIR ROBERT HERMANN SCHOMBURGK 
Boundary-Mailer of British Guiana 

When Humboldt was prevented from 
travelling beyond the little Indian mission 
village of Esmeralda, on the Orinoco, he left 
behind him an unknown country three times 
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as large as Spain, in which not a single p 0 *j. 
t ion had been properly determined. Anot h< T 
German explorer undertook the task of 
studying this part of our Empire. The 
work ought to have been done by some bold 
adventurers of our own race, but in 1835 
our country was not remarkable for its 
scientific enterprise. The work of explora- 
tion was largely left to sailors and soldiers-^ 
our people generally were absorbed in com- 
mercial affairs. In Germany, on the other 
hand, a new spirit was working, and men of 
the younger generation were becoming 
interested in science, and beginning to lay 
the foundations of the true greatness of 
modern Germany. 

Humboldt's travels especially had a large 
influence on his countrymen, filling many 
of them with a new spirit of adventure, 
tempered and directed by scientific methods. 
Robert Hermann Schomburgk was among 
those who felt this influence. Born on 
June 5, 1804, in Freiburg, the son of a 
clergyman, he entered a merchant's office, 
and afterwards started in business for him- 
self, and went to the United States in 1829 
with a view to trading there. Apparently 
he was not very successful in the States, 
for the next year he settled in the West 
Indies. Here his passion for the study of 
natural history came fully into play. 
Instead of keeping to business matters, he 
set out in 1831 to survey at his own cost one 
of the Virgin Isles. 

The publication of the results . in the 
Journal of the Royal Geographical Society 
brought the young merchant-explorer some 
little fame in a small scientific circle in 
England, but this circle was composed’ of 
men of influence ; and, finding that Schom- 
burgk was eager for exploring work, the 
Geographical Society provided him with 
funds for an expedition into the hinterland 
of Guiana. He set out in 1835, and sailed 
up the Essequibo and its tributary the 
Rupununi. He kept to the latter stream 
as long as it could carry his lightest skiff. 
Then he struck out on foot towards its 
source, but the rainy season set in, and he 
fell sick, and had to turn back. He reached 
Lake Amuki, and ascended the Essequibo 
to its great falls, which he named King 
William's Cataract. Fascinated by the 
strange wonders of the mighty tropical 
forest, Schomburgk struck out again into the 
interior as soon as his strength was restored. 

He went up the Corentyn, and at the 
spot where its source was marked on the 
map he discovered the river was really an 
important waterway nine hundred yards 
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w id(\ He was stopped at last by a mag- 
nificent waterfall forty feet high. This was 
in 1836 ; in November of the same year he 
explored the Berbice in the light skiff he 
llM il in his river work. He found his third 
journey far from dull. There were many 
rapids swarming with caymans, and in the 
thii kets were numerous boas hungry for 
prey. Huge fallen trees barred the river in 
many places, and the rapids increased in 
number. At every mile the difficulties and 
the dangers grew greater. 

On New Year's Day, 1837, Schomburgk 
was sorely tempted to turn back. But in 
the course of the day a wide, smooth stretch 
of water was gained, and here a remarkable 
discovery was made. An unusual object 
on the southern point of the river reach 
caught the eye of the explorer. He could 
not form any idea what it was, and hurried 
his boat towards it. Opposite the object 
of his curiosity, all his troubles were for- 
gotten. The botanist in him felt well 
rewarded for the calamities the explorer 
had suffered. He had discovered the 
flower-wonder of the world. A gigantic 
leaf, six feet in diameter, salver-shaped, 
with a broad rim of a light green colour 
above and a vivid crimson below, rested on 
the water. In keeping with the extra- 
ordinary leaf was the luxuriant flower, 
made of many hundreds of petals, passing 
in alternate tints, from pure white to rose 
and pink. Thus was discovered the famous 
Victoria Regias. 

Schomburgk was now eager to trace the 
river to its source, but his crew of Indians 
were not cheered by the finding of the giant 
flower. They deserted when the difficulties 
>o increased that two miles a day became 
quite a fair return for the hardest work they 
bad ever done in their lives. Then the 
food supplies gave out, so Schomburgk at 
last turned back, but in September of the 
same year he struck out in another direction 
for the sources of the Essequibo. 

Travelling among Indians who had never 
before seen a white man, he traced the river 
to its rise among the richly forested moun- 
tains. In 1838 he went back to Lake 
Aiimku, and from there he walked to a 
^liff. 1500 feet high, from which rivers fall 
! n wonderful cataracts, and flow away 
ln to the Amazon, the Orinoco, and the Esse- 
quibo. Leaving this mysterious table- 
topped mountain, Schomburgk went on 
through unknown regions to the point 
reached by Humboldt, and attempted to 
win to the source of the Orinoco, but the 
same tribe of murderous savages that had 


endangered the older explorer menaced the 
more daring adventurer. Yet he got within 
sight of the mountains where the river rose, 
and fixed the source within the narrow 
limits of under thirty miles. 

He was absent from the outposts of 
civilisation for nearly two years on this 
journey, and covered more than 3000 miles. 
In 1841 lie surveyed the remarkable delta 
of the Orinoco ; the next year he found the 
source of the Takutu, a tributary of the 
Rio Branco. Afterwards he wandered 
among the wild tribes of the interior, and 
arrived at one of his earlier goals — the 
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sources of the Corcntyn. By this river 
he returned to the coast. One of the most 
curious of his discoveries in British Guiana 
was the rude picture-writing he traced on 
rocks for 350,000 square miles. He found 
the Indians regarded the inscriptions with 
some awe, but they knew neither the 
meaning nor the origin of these signs of some 
vanished civilisation in one of the most 
savage parts of South America. There 
were legends of some women warriors con- 
nected with the rock-writings, and Schom- 
burgk was told that the Amazons still lived 
on near the sources of the Corentyn, but 
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his last expedition took him right through 
the region of the Indian legends, and, as 
he expected, he found no trace of the 
mythical creatures. 

Schomburgk settled the boundary of 
British Guiana, and came to England in the 
winter of 1844 with some valuable collec- 
tions, now housed in the British Museum. 
For his fine services to geography he was 
awarded the gold medal of the Royal 
Geographical Society, and knighted by 
Queen Victoria. Entering the service of 
the Foreign Office, he was appointed 
British consul at Haiti, and was em- 
powered to conclude a treaty with the 
black republic. 

In 1857 he crossed the world to Siam, and 
acted for some years as British consul at 
Bangkok. He began some exploring work 
in the interior, and also discussed the pro- 
ject of cutting the isthmus of Kra, and thus 
shortening the voyage to China and Japan, 
but his health, undermined by his early 
labours, gave way, and in 1864 he retired 
from public service with a pension, and 
died at Berlin on March 11, 1865. 

WILLIAM SCORESBY 
The Whaler who Sailed Nearest the North Pole 

William Scoresby, the famous father of a 
famous son, was born at Cropton, in York- 
shire, on May 3, 1760. His parents were 
poor, and he received little schooling, and 
at nine he was tending cattle and working 
about the farm. At nineteen, tiring of his 
lot as an agricultural labourer, he went to 
Whitby, and became a sailor. While serving 
on a stores ship on a voyage to Gibraltar, 
in 1781, he was captured, and thrown into 
a Spanish prison, but he escaped, and hid 
himself on an outward-bound vessel, and 
returned to Yorkshire. 

By this time he had become an excellent 
navigator, having devoted all his spare time 
to educating himself and acquiring the arts 
of seamanship. Whitby was then the centre 
of the Greenland whale-fishery — an adven- 
turous and rigorous pursuit, in which large 
profits and great risks obtained. Scoresby 
started at twenty-five as an ordinary hand, 
but by his sixth voyage he had risen to the 
position of second officer of his ship. In 
1790 the captain retired, and Scoresby 
succeeded to the command. His first 
voyage was not prosperous, and he was so 
daring in adventuring into the ice that his 
crew mutinied. 

On returning to Whitby he insisted that 
he must have the appointment of all the 
hands. So, after some trouble, the owner 


agreed to this unusual demand, and 
Scoresby selected a crew who did not f rar 
danger, and pushed into the ice round th e 
Pole in search of whales. He brought back 
more oil and whalebone than any other 
man in England, and became the leader of 
the English whale-fishery. It was reckoned 
at the time that his average success was 
four times as great as the ordinary achieve- 
ment of British whalers. Scoresby rose to 
the position of a partner in a new ship, the 
“ Resolution.” It was in this vessel that he 
made his famous voyage of 1806, and sailed 
within 510 miles of the North Pole. 

While searching for whales, he entered 
the ice above Spitzbergen, and found it to be 
of extraordinary width and strength. Anv 
other man would have turned back. There 
was a strong ice-blink along the northern 
horizon, and, brave as his men were, they 
began to murmur at the foolhardiness of 
their captain. But Scoresby climbed to 
the maintopmast head, and discerned a 
bluish-grey streak below the ice-blink. 
This was a clear indication that water 
stretched beyond the ice-pack. It might 
have been merely a lane or pool of small 
extent, which would quickly close up, but 
Scoresby knew more about ice navigation 
than any man in Europe. He watched his 
ship, and perceived a slight movement in 
the lumps of ice around him. He knew this 
could only arise from a distant swell, and 
by reason of his extraordinary experience 
he was able to tell that the movement of 
the water came from the north, and not 
from the south. 

Thus it was clear to him that there was 
an open Polar Sea in front of him, and, by a 
curious method which he had invented, he 
managed to work his vessel through miles of 
ice towards the North Pole. He “ sallied" 
his ship by making all his men run in a body 
from one side of the vessel to the other. 
This produced a slight rocking motion that 
gently forced the ice apart and enabled the 
“ Resolution ” to sail onwards. Boats 
were hoisted and lowered to break the ice 
ahead, and channels were cut with ice-saws, 
and at last, in latitude 80 deg., an open sea 
was reached. It was from fifty to sixty 
miles wide, bounded on the north by the solid 
Polar ice, and it extended for an un- 
ascertained distance from east-north-east to 
west-south-west. Scoresby sailed across it 
to the edge of the northern pack, taking 
several whales on his way, and on May 25, 
1806, he reached 81 deg. 30' N— much 
nearer to the North Pole than any man 
before him had ever been. 
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His magnificent exploit excited much 
attention, and led to the Government under- 
taking a national expedition to the Polar 
r o./ion5. Scoresby was much disappointed 
not being entrusted with some part in 
}j u * work of Polar discovery which he 
inaugurated. As a matter of fact, he built 
a new ship, Especially designed to resist 
ia-pressure, in the hope of receiving the 
support of the nation. His son, who had 
accompanied him at the age of thirteen on 
the great voyage to the most northernly 
point then reached by man, continued his 
work, and explored the coast of Greenland 
for four hundred miles. William Scoresby 
jnn. was a more scientific observer than 
the old captain, though he did not get as 
far North as the whaler. He entered the 
Church in 1825, and died at Torquay in 
1857. His father died in 1829. 

ROBERT FALCON SCOTT 
The Tragic Hero of the South Pole 

Captain Robert Falcon Scott, the tragic 
hero of the South Pole, was born at 
Outlands, Dcvonport, on June 6, 1868. 
He entered the Navy soon after his 
thirteenth birthday, and on passing out 
of the “ Britannia” served as midshipman 
on the Cape Station and elsewhere, and 
became acting sub-lieutenant in 1887. He 
received his commission as lieutenant two 
years later, when he was serving in the 
“ Amphion ” on the Pacific Station. After 
entering the Vernon School-ship in 1891, he 
specialised in torpedo work, and in 1899 was 
torpedo lieutenant of the flagship of the 
Channel Squadron. 

Captain Scott had no particular interest 
in Polar exploration, and it was quite by 
chance that he became the leader of the 
“Discovery” expedition. Early in June, 
1899, fie was walking down Buckingham 
Palace Road, and saw Sir Clements Markham 
on the opposite pavement. He crossed over 
to chat with him, and learnt for the first 
lime that an Antarctic expedition was 
being formed. He wrote applying for the 
command of it, and a year afterwards he 
was appointed and promoted to the rank of 
commander. 

The 14 Discovery ” left London Docks in 
July. 1901, and returned in 1904, having 
made more contributions to our knowledge 
the Antarctic chan had been made for 
sixty years. Going three hundred miles 
nea rer to the South Pole than Ross had 
attained, Scott practically solved the 
Problem of reaching the Pole, for he dis- 
covered a route to it. Both ShackWon, 


who accompanied him in his sledge expedi- 
tion farthest South in 1903, and Amundsen 
who followed his path, were indebted to 
Scott's pioneering work. 

Besides his great journey over the Icc 
Barrier, Scott greatly added to geographical 
science by striking westward through the 
mountain ranges of South Victoria Land, 
across the wild and terrible plateau. His 
work was recognised on his return as one of 
the most important feats of exploration ; 
and honours were bestowed upon him by 
both British and foreign geographical 
societies. He was promoted to the rank 
of captain in the Royal Navy, and after 
composing a narrative of the expedition, 
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Photograph by Thomson 


which was published in 1905, he resumed 
his duties as a naval officer, and obtained a 
staff appointment in the Admiralty. 

But the strange fascination of the bleak 
and terrible waste of ice around the South 
Pole worked on his mind and soul. He had 
been well-nigh frozen to death ; he had been 
frost-bitten ; he had been overwhelmed by 
a blizzard for seven days. He was now 
honoured by his King and his country, and 
married, and his feet were firmly set on 
the path to the highest positions in his 
profession, yet in his heart he sorrowed 
for the perils and the agonies of life in the 
Antarctic. Only the difficulty of raising 
funds for a new expedition kept him amid 
the comfort and shelter of civilisation. 
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His soul yearned for the wild and fierce 
delight of battling against Nature in her 
most terrible and overwhelming strength. 

In the meantime, Shacklcton raised the 
money for another attack on the South Pole, 
and Scott waited to learn what his old 
companion in adventure had achieved. 
When Shackle ton returned with the happy 
news that the Pole was less than a hundred 
miles from the point he had attained, 
Scott yielded to the call that had been 
sounding in the secret chambers of his 
heart ever since he returned from the 
Ice Barrier. He knew he had cleared the 
path, a*id he was eager to profit by his own 


wintered in a hut on Victoria Land, an 
lived on seals. Their adventures and suif,.] 
ings were heroic, but they managed to w j 
through. A third party was placed op. Uj 
west side of McMurdo Sound. Scott h a 
taken with him a larger scientific sta; 
than had ever before worked in th 
Antarctic, his aim being to solve sonv r 
the chief problems concerning the charade 
and the history of the high lands around th 
South Pole. Eleven months were spent i 
scientific investigations, including the stud 
of the upper air by means of balloon wort 
In the meantime the work of laying depot 
for the march to the Pole had been carrie< 



CAPTAIN SCOTT S EXPEDITION USING THE DRAG-NET IN SCIENTIFIC RESEARCH IN THE AN I'AIU I K 


work. With great difficulty lie managed 
tc borrow money for his second expedition ; 
and after a Government grant of £ 20,000 
was promised, the explorer got to work on 
the practical details of his new expedition. 
The “Terra Nova,” a whaling barque of 
749 tons, was purchased, and on it Scott 
and his band of heroes sailed for New 
Zealand on June 1, 1910. 

McMurdo Sound was reached in December, 
and the main party landed and fixed their 
headquarters at Cape Evans. Ice prevented 
the second party from landing at King 
Edward VII. Land, where Amundsen after- 
wards came on his dash to the Pole. This 
second party, under Lieutenant Camp’bell, 
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out, and on November 2, 1911, the mardi 
was begun. Like Shackleton, Scott » 1 M 
his sledge- work with ponies instead ot with 
dogs. Unfortunately, nearly half of the 
ponies died before the march begun, ami 
Scott put off for a month his dash to the 
Pole in order to save his remaining ponies- 
This was one of the causes of disaster. At 
first all went well, and the last 1m 
received from the expedition told that the 
Polar party were within one hundred ami 
fifty miles of its goal. Here it was left by 
the second in command, Commander Evans, 
and while he was bringing back the ne\'> 
Scott pushed on southward over the glacier* 
and great plateau. 
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With Scott were Dr. E. A. Wilson, the 
chief of the scientific staff ; Captain L. E. G. 
Oates, of the 6th Dragoons, who looked 
after the ponies and mules ; Lieutenant 
H. R. Bowers, the commissariat officer of the 
party ; and Petty-Officer Edgar Evans, 
who had served on Scott's first expedition. 
They reached the Pole on January 18, 1912, 
in bitterly unfavourable weather, and the 
return journey became a dreadful struggle 
against death. Edgar Evans, an excep- 
tionally strong man and a tried Antarctic 
traveller, was the first to break down. He 
was so frostbitten that his comrades had to 
help him along, and the delay in getting 
from one depot to another brought them all 
nearer to death. In February the enor- 
mous tract of ice of the Beardmore Glacier 
was reached. It was the obstacle that had 
stopped Scott on his first expedition, and it 
was now much rougher and extremely diffi- 
cult to travel on. Evans fell, stunning him- 
self and hurting his head, and died on 
February 17 at the foot of the glacier. 

Here the weather, which had all along 
been bad, suddenly grew much worse. The 
wind rose to a tempest, and the tempera- 
ture fell very low, robbing the explorers of 
their vitality. Captain Oates's feet and 
hands were badly frost-bitten, and, though 
he struggled on heroically, bearing intense 
suffering without complaint, lie was at last 
absolutely unable to travel. On March 16 
he went to sleep, hoping that he would not 
wake, for he saw that his weakness was 
bringing disaster on his comrades. In the 
morning it was blowing a blizzard outside 
the tent. Oates staggered out, saying : 
" I'm just going outside, and I may be some 
time." “ We knew that Oates was walking 
to his death," said Scott, “ but, though we 
tried to dissuade him, we knew that it was 
the act of a brave man and an English 
gentleman." 

Oates was unable to travel, and his com- 
panions would not leave him. So he went 
out into the blizzard in search of the death 
for which he had been waiting and longing. 
Captain Scott, Dr. Wilson, and Lieutenant 
Bowers sadly pushed northward against a 
high wind that drove the ice crystals like 
needles into their skin. With bowed heads 
and aching bodies they fought onward, but 
the blizzard was so overpowering that they 
had to creep under the shelter of their tent 
when only eleven miles from their next 
depot. They had fuel for one hot meal 
and food for two days, but the blizzard 
raged for more than a week. In spite of 
want of food and want, of heat, Scott and 
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his companions lived for four days ; ami 
with the coldness of death creeping \)vt- r 
him the heroic explorer took out his diary 
and wrote his memorable account of tiu> 
tragic expedition: 

“ Had we lived, I should have had a tale 
to tell of the hardihood, endurance, ami 
courage of my companions which would 
have stirred the heart of every Englishman. 
These rough notes and our dead bodies 
must tell the tale." 

So died Captain Scott and Dr. Wilson and 
Lieutenant Bowers; and it was not until 
November, 1912, that their bodies were found. 
It is hard to find in the entire history of our 
race so noble an end as theirs. It is one <>{ 
those rare, high things that hearten and 
uplift the soul of a whole nation. It in- 
spires generation after generation with 
courage, chivalry, and self-sacrifice. 

SIR ERNEST HENRY SHACKLETON 
Discoverer of the South Magnetic Pole 

Sir Ernest Henry Shackleton is the son of 
a doctor, and was born at Kilkee in 1S74. 
and educated at Dulwich College, lie 
went to sea in the merchant service, and 
later on entered the Royal Navy Reserve, 
and won the rank of a lieutenant. Joining 
the National Antarctic Expedition under 
Captain Scott, lie acted as third lieutenant 
of the party, and was one of the men who 
went furthest south in 1902, and saw the 
bleak, wild upland stretching to the Pole. 
Unhappily, he was so seriously attacked bv 
scurvy that he was inviilided home after 
the dash towards the Pole. He returned 
to England convinced that Scott had dis- 
covered the path to the southernmost point 
on the earth; and when the expedition came 
back he began to plan another voyage of 
exploration to the southern continent. 

With remarkable energy he collected 
sufficient money to equip the “Nimrod,” 
mortgaging his work for some years in 
advance in order to raise funds. He sailed 
from England in January, 1908, and, finding 
King Edward VII. Land closed to him by 
a formidable ice-pack, he landed at Kos» 
Island and worked over the region where lie 
had gone with Scott. By the autumn, 
advance depots of supplies were laid out 
towards both the Magnetic and Geography 
Poles over the Great Barrier. On October 
28, 1908, Shackleton with three companions 
set out for the Pole. They had four sledge® 
and four Manchurian ponies to draw them, 
and food for ninety-one days. 

On November 22 they reached a new bmd 
of icc-dad mountains, and found a g :l P 
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leading towards the Pole, but the ice was 
full of crevasses, and the party had many 
narrow escapes from death. When the last 
pony was lost the men were compelled to 
drag their provisions over the ice. On 
December 8 they arrived at a great table- 
land, 7400 feet above the sea, and in this 
region of eternal snow and ice they found 
seams of coal in the enclosing mountains. 
This seemed to show that the land imme- 
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diately around the South Pole once enjoyed a 
warm climate. The plateau steadily rose 
towards the south, and, pressing on with 
reduced rations, the party reached a height 
of 10,500 feet on January 6, 1902. 

Then a terrible blizzard — such as after- 
wards killed Scott and his companions — 
fell upon the exploring party, and for nearly 
sixty hours they were in danger of perishing 
from cold. When the gale broke, they 
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marched forward for half a day, and found 
themselves on January 9 within nimt\. 
seven miles of the Pole. They could not 
go any farther, owing to their short ration 
and the cold and stormy weather. Th« v 
were all sick from eating unsuitable food 
but safely returned to headquarters. 

In the meantime another party from tin; 
" Nimrod” had set out to find the Magnetic! 
Pole. After climbing up almost precipitous 
glaciers, the magnetic expedition reached 
their goal, but on their return journey 
found themselves cut off by an open sen in 
a place where there had been solid ire. 
They lived on seal and penguin until rescued 
by the “ Nimrod.” On his return to England, 
after a most valuable arid adventurous 
piece of Antarctic exploration, Shackliton 
received the well-deserved honour of a 
knighthood in 1909. 

CAPTAIN JOHN SMITH 
Founder of Anglo-Saxon America 

Several attempts were made to plant 
an English colony in North America by the 
Elizabethans, but they failed owing mainly 
to the wild spirit of adventure that animated 
every man who took part in the expeditions. 
Dazzled and misled by tales of golden 
treasure obtained by the Spaniards in Peru 
and Mexico, the intended settlers aimed at 
winning a quick fortune rather than at 
gaining a living by bringing the land into 
cultivation and trading with the Red 
Indians. To John Smith, the son of a 
Lincolnshire farmer, is due most of the 
credit for the pioneer work of establishing 
the first and most important English 
plantation beyond the seas. By saving the 
colony of Jamestown from extinction at 
a critical moment in the history of «»ui 
first successful essay in imperial expand >n, 
lie influenced the destinies of many genera- 
tions of men in many parts of the world. 

John Smith, one of the greatest 
adventurers in the age of high adventure, 
was born on January 6, 1580, at a farm near 
Alford, in Lincolnshire. Losing his father 
at sixteen, he went to France, and enlisted 
as a soldier under Henry of Navarre. 
When the King made peace with the 
Catholic League. John Smith found employ- 
ment in fighting in Holland for the insurgent 
Dutchmen. On coming of age, he returned 
to his native village, and entered into 
possessioh of a small property left to Jinn 
by his father. Most of his time was spent 1 
in warlike exercises and in the study 01 
books on the art of war. Repenting 0 
having taken part in the battles between 
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Christians, he now longed to try his fortune 
a^inst the Turks — then the terror of 
Europe. He wandered through France and 
jt.ily, and, hearing that the Turks were 
about to march through Hungary and 
at lack Vienna, he entered the service of 
Austria. In .November, 1602, he was with 
the army that was broken and scattered in 
Transylvania by an overwhelming force of 
Crim Tartars. 

Wounded and left on the field, he was 
taken to Constantinople and sold as a slave 
to a Mohammedan living in Southern 
Russia. His master was a brute, and 
sadly ill-treated him. One day he was 


attempt made to plant a colony in Northern 
America. By this time he was apparently 
a person of some importance, for he was 
appointed one of the council of thirteen 
that constituted the American Government 
of the plantation. On New Year’s Day, 1607, 
two ships and a pinnace, with 143 
emigrants aboard, sailed for America. 
After touching at the West Indies, the 
expedition arrived in April at James River, 
in Virginia, and made a settlement at 
Jamestown. Soon after landing, Smith 
set out to explore the Chesapeake, and 
reached the falls where the city of Richmond 
now stands. Returning to the settlement 
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threshing corn at one of the farms when 
the bully struck him, for no reason. Smith 
swung his threshing-bat, and beat the 
brains out of the man’s head. Hiding th*; 
body under the straw, he dressed himself 
in the clothes of the Mohammedan — who 
Wlls a man of high Government rank — and 
tk‘d on a horse into the desert. After riding 
as bard as he could for some days, he 
f cached a Russian outpost. Kindly wel- 
comed everywhere as an escaped Christian 
Mayo, he made his way across Europe, 
arm ing at Leipsic in December, 1603. 

There he met an old comrade in arms, 
an d lie landed in England, with a fair sum 
°f money, in 1606, and joined ir the new 
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— that had been attacked by Indians — he 
directed the erection of the reed-thatched 
huts, and, gathering a party of axemen, 
he cut down a large cargo of timber, and 
sent it to London as the first products of 
the new colony. 

But two years after landing the 
plantation failed. A fire destroyed the 
new town and a large store of provisions. 
Sickness broke out, and nearly forty 
persons died from it, and the settlers 
became dependent on the Indians for 
food. Every man — except one — was eager 
to return to England. That one man was 
Smith, and, single-handed, he saved the 
situation. In the summer he was made 
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ruler of the colony, after two presidents 
had been deposed for incompetence and 
injustice. Smith quickly altered the 
condition of affairs. He convinced the 
emigrants they were wasting their time 
seeking for gold and pearls, and he got 
them to settle down to farming, and make 
themselves independent for a living, relying 
neither on the Motherland nor the Indians. 
Under his direction the town was rebuilt 
and fortified, and, having put things in 
order, the captain resumed his explorations. 



JOHN SPEKE 

In the hope of finding a waterway to the 
Pacific, he sailed up the Chickahominy, 
and was captured by Indians and 
condemned to death, but with magnificent 
swagger he induced the chief to set him 
free. He learnt from the natives how to 
cultivate maize, and sowed forty acres of 
land in the settlement with the new crop. 
But the explosion of a bag of gunpowder 
which he had placed beside him in a boat 
so burnt and injured him that he became 
too weak and disabled to govern the 
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colony. So he returned to England, and 
Lord Delaware went out as governor, with 
another company of emigrants. 

Smith had already explored about 3000 
miles of the coast of North America, 'and 
he returned to Virginia in 1610, and spent 
seven years in mapping out IJew England, 
from Cape Cod to Penobscot, and searching 
for new openings for cod-fishers and 
fur-traders, and surveying sites for settle- 
ment. The latter part of his life was largely 
occupied in writing down the story of his 
adventures. He died in London in June, 
1631, and was buried in St. Sepulchre’s 
Church, Holborn. 

JOHN HANNING SPEKE i% 
Discoverer of the Source of the Nile 

Captain John Hanning Speke, to whom 
it was given to solve a problem in geography 
that had puzzled the world for thousands 
of years, was born at Jordans, Ilminster, 
Somersetshire, on May 4, 1827. He caino 
of a family of soldiers, and, following in 
his father’s footsteps, was trained from 
boyhood to a military career. Owing to the 
influence of the Duke of Wellington, lie 
entered at seventeen the Indian Army, took 
part in the Sikh War, and by his skill and 
courage won the rank of lieutenant. 

He was a daring sportsman, and, chum- 
ming up with another British officer, 
Captain Grant, went with him in the 
pursuit of big game. But tigers and 
elephants were not sufficiently exciting, 
and when the Sikh War was ended he 
formed a plan for exploring Central Africa. 

He arrived at Aden in the autumn of 
1854, and there found that Burton was 
organising an expedition for the exploration 
of Somaliland. He joined it, and the ex- 
pedition was divided into two commands. 
Burton set out for Harar, the mysterious 
capital of the country, and Speke tried to 
explore the north-east of Somaliland. 

Unfortunately, he found that the interior 
was convulsed by war, and he was only able 
to make a few short excursions to some of 
the inland tribes. When Burton returned 
from his more successful journey, the two 
forces were amalgamated under the com- 
mand of Burton, but at the coast town of 
Berberah the party was attacked by 
Somalis, one British officer was killed, mid 
Speke was wounded and captured. V 1 . 0 
savages began to torture him, but, with 
extraordinary strength, Speke burst Ins 
bonds and tore down to the coast, where he 
was met by a rescue party. He soon 
recovered from his wounds, and, as ins 
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thirst for adventure was still unslaked, set 
out with Burton in 1857 from Zanzibar to 
the goal of his early dreams— Central Africa. 

The two explorers were stricken with 
fever soon after they entered the African 
jungle, and so weakened were they by 
malaria that they could not walk. Carried 
in hammocks, they reached the Usagara 
mountains, where they recovered their 
strength, but the tsetse-fly attacked them 
in the river-courses, and both their men 
and their cattle suffered terribly from the 
diseases that the flies introduced into their 
blood. On November 7, 1857, the expedition 
arrived at Kazeh, a centre of slave-trad- 
ing and commerce. Here Speke heard 
rumours of a great lake to the north ; and 
after he had travelled with Burton to Lake 
Tanganyika he set out in search of the 
mysterious lake. On July 30, 1858, he had 
the glory of discovering the Victoria 
Nyanza, out he was attacked with terrible 
pains that stabbed him like a knife, and 
Burton was also paralysed by some myster- 
ious tropical disease. So they returned in 
hammocks to Zanzibar, on March 22, 1859. 

Speke and Burton disagreed with regard 
to the importance of the discovery of the 
Victoria Nyanza. Speke felt sure that he 
had found the source of the Nile, but 
Burton, who had been the first to catch a 
glimpse of Lake Tanganyika, held that 
this tract of water was the source of the 
great Egyptian river. The quarrel con- 
tinued when the two explorers arrived in 
England, and, at the suggestion of Sir 
Robert Murchison, a new expedition was 
fitted out, so that Speke might have the 
opportunity of exploring the Victoria 
Nyanza and ascertaining the facts of his 
theory. By this time there was too much 
ill-will between Burton and Speke for them 
to resume their partnership in African 
exploration. So when Captain Grant 
volunteered to accompany his old friend, 
Speke willingly accepted the offer. Some 
volunteers from the British Army also 
joined the expedition, and at Zanzibar 
Speke enlisted a number of native warriors. 
His first journey through Central Africa had 
been so impeded and endangered by 
Arabian slave-traders and hostile tribes in- 
terested in the slave trade that he resolved 
to have a force at hand that would make an 
attack upon him dangerous to the attackers. 

Happily, Speke was a man of remarkable 
strength of character, and he was able to 
win his way more by force of character 
than by force of arms. He managed the 
savage chieftains he encountered in a 
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diplomatic manner, and they were more 
anxious to win his help in fighting their 
enemies than to battle with him. Speke, 
however, kept clear of all intrigues aiuj 
wars, and arrived, on January 24, 1861, at 
his old starting point, Kazeh. Striking 
northward by himself, he was at last joined 
by Grant, who had fallen ill. At Kuri the 
two explorers separated, in order to cover 
more ground. Speke went by water round 
the Victoria Nyanza, discovering the Ripon 
Falls, where the Nile issues from the great 
lake. Grant, on the other hand, went by 
land, and rejoined his comrade on the Nile. 
On February 16, 1863, the Speke and Grant 
expedition met the expedition led by Baker. 
Baker was at first terribly disappointed at 
being anticipated in the discovery of the 
source of the Nile, but the successful 
explorers told him of another great lake 
of which they had heard rumours ; and, 
working on this hint, Baker discovered the 
Albert Nyanza. 

Speke and Grant met with great opposi- 
tion in England when they announced that 
they had solved the problem of the source 
of the Nile. Burton was especially hostile, 
and his theory was supported by some 
English and Continental geographers. So 
keen was the general interest in the dispute 
that it was arranged that Speke and Burton 
should thrash the matter out at a meeting 
of the British Association at Bath in the 
autumn of 1864. Speke went down to Bath, 
where an uncle of his had an estate. On 
September 15 he was out partridge-shooting, 
and, in climbing over a stone wall, his gun 
went off and killed him. So it was left to later 
explorers to confirm his claim to be the first 
discoverer of the true source of the Nile. 

SIR HENRY MORTON STANLEY 
Founder of the Congo Free State 

Henry Morton Stanley began life in the 
humblest of ways as John Rowlands. He 
was born, about 1840, at Denbigh. His 
father died a few weeks after his birth ; 
his mother went to work in London, and, 
as his uncles refused to take charge of him, 
he was sent to the workhouse. There the 
poor boy was so ill-treated that he never 
forgave his relatives. Some of them were 
fairly well-to-do, middle-class people, who 
carried the Welsh virtue of thrift to an 
inhuman extreme. 

Disowned by his own mother, beaten 
almost to death by his teacher, and fed on 
the bread of bitterness, Stanley ran away 
from the workhouse at sixteen, and, alter 
some adventures in Liverpool, shipped as a 
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cabin-boy on an American vessel bound 
for New Orleans. Beaten and knocked about 
by the skippei. he ran away from the ship, 
and was helped by a broker of New Orleans, 
Mr. Stanley. The boy was so grateful that 
he took the name of his benefactor, and 
tecame hi§ adopted son. Unhappily, Mr. 
Stanley died in 1861, and the wanderer was 
adrift again. 

When the Civil War broke out he enlisted 
as a Confederate soldier, and was captured 
at the battle of Shiloh. Discharged in 1862, 
he returned to Denbigh, but was told by his 
relatives that he was a disgrace to them, and 


obtained a post as special correspondent 
to a journal at St. Louis, and became 3 
contributor to the “New York Herald.’ 1 
By reason of his adventures in Asia Minor, 
he was sent out as war correspondent oi 
the “ Heraid ” on the outbreak of wai 
between England and Abyssinia. Through 
making private arrangements with the 
chief of the telegraph office at Suez, he was 
able to send the news of the English victory 
some weeks before the despatches of othei 
correspondents arrived in London. To this 
remarkable journalistic coup Stanley owed 
the extraordinary opportunities that enabled 
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was asked to leave as quickly as possible. 
He entered the merchant service, was 
shipwrecked oft Barcelona, and, returning 
to America, enlisted in the navy. He saw 
some notable fights, and sent a . brilliant 
description of them to the newspapers, 
and at the end of the war he became a 
wandering, adventurous journalist. He had 
saved enough money to travel in. Asia 
Minor in 1866, but was robbed by a band of 
Turkomans and thrown into prison. So 
ended his ambitious scheme lor the ex- 
ploration of Asia. 

His letters relating his adventures were 
welcomed by the newspapers for which he 
worked, and on returning to the States he 


him to become one of the most famous of 
modern explorers. 

After acting in 1869 as war correspondent 
foi the " New York Herald ” in the Spanish 
revolution, and travelling to Persia in 1870, 
he received the most extraordinary commis- 
sion ever riven to a journalist. He was told 
“ to find Livingstone." He set out for East 
Africa with only sixteen pounds, but, helped 
by the American consul, raised at Zanzibai 
sufficient money for his immediate purposes. 
He started on March 21, 1871, for the in- 
terior Soon the fever attacked him, his 
horse died, his porters deserted, but he 
kept on towards Lake Tanganyika, and 
on his way he heard a rumour of a white 
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■man having been seen some hundreds of 
jmiles west of the lake, 
j Reaching a hill overlooking the famous 
lake, he saw a caravan, and a tall black man 
in a long white shirt ran up to him, and said, 
in English, " Good-morning, sir. 1 ' He was 
Susi, the servant of Dr. Livingstone. 
.Stanley's greeting with the lost explorer, 
“ Dr. Livingstone, I presume ? " is one of 
the most famous things in the history of 
exploration. The two explorers examined 
the north end of Lake Tanganyaka, and dis- 
proved the theory that it was connected with 
“ the Albert Nyanza. Livingstone was 
searching for the Congo, and he would not 
give up the search. Stanley provided him 
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with the stores he needed, and on March 14, 
1872, set out oh his return journey to 
civilisation with news that Livingstone was 
alive and hard at work on exploration. 

He received a triumphant welcome in 
London, and, after following the Ashanti 
campaign, was given the command of an 
expedition fitted out by two newspaper 
proprietors, with the object of completing 
Livingstone's work. He landed on the West 
Coast of Africa on November 12, 1874, and, 
just when most of his men were down with 
fever, he was attacked, and had to fight a 
three days' battle before he could reach 
more friendly tribes. 

Arriving at Victoria Nyanza, he settled 
the dispute between Burton and Speke by 
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circumnavigating the lake. He then wen* 
on to Lake Tanganyika, which he also cir 
cumnavigated. There remained the grandest 
task of all, in attempting to settle which 
Livingstone had sacrificed himself. Was the 
river known as the Lualaba, which Living- 
stone had traced for thirteen hundred 
miles, the Nile, the Niger, or the Congo ? 
Stanley came to the mysterious river after 
a march of 220 miles. He was attacked by 
cannibals, but reached the Stanley Falls, 
and from there he travelled down the Congo 
in canoes to a point reached by Captain 
Tuckey from the sea in 1816. On August 9, 
1877, he reached Bomba ; three days after- 
wards he stood on the shore of the Atlantic 
Ocean. On returning to England Stanley 
endeavoured to induce the British Govern- 
ment to annex and civilise the. Congo. 

Following out Livingstone's wishes, he 
wished to introduce Europeans to put 
down the horrible slave trade carried on by 
the Arabs, but neither the Government nor 
the people of Great Britain was interested 
in Stanley's scheme. So the explorer ac- 
cepted an offer made by King Leopold of 
Belgium, and on August 15, 1879, he 
returned to the Congo to found the Congo 
Free State. He worked for five and a half 
years at his task, animated by a high idea, 
and it was not his fault that the mighty 
organisation he established was afterwards 
put to inhuman uses. 

After the Fall of Khartoum, Stanley was 
appointed to lead a relief expedition to 
Emin Pasha, who, with the only surviving 
Egyptian force in the Soudan, had sought 
refuge among the savage tribes north of the 
Albert Nyanza. Stanley took the Congo 
route, arriving at Stanley Pool on March 21, 
1887. After great suffering from starvation, 
he reached the Albert Nyanza on Decem- 
ber 13, and found that the missing pasha had 
never been seen there. 

Stanley sought for him in another direc- 
tion, but again failed to find him. Happily, 
Emin Pasha at last heard rumours of his 
coming, and wrote appointing a meeting at 
a southern end of Albert Nyanza. There 
the reliever and the relieved met towards 
the end of April, 1888. Emin, however, was 
not anxious to return to Egypt, from a fear 
that he might be shelved. He had an 
abundance of grain and a considerable 
force. So Stanley set out without him, 
but Emin's troops revolted and made him 
a prisoner, and he sent to the English ex- 
plorer for help. Stanley succoured about 
a thousand of Emin's people, and con- 
veyed them and the pasha to Zanzibar. 
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On his way he discovered the Ruwenzori 
Mountains and the Albert Edward Nyanza. 
This was the last of Stanley's magnificent 
exploits. He arrived in London in 1890, 
and received a splendid greeting, and two 
years afterwards he again became a British 
citizen, and then entered Parliament. He 
died May 9, 1904. 

VILHJALMUR STEFANSSON 
A Hardy Norseman’s Romantic Find 

Mr. Vilhjalmur Stefansson is the Canadian- 
born Scandinavian explorer - ethnologist 
under whom a new scientific expedition to 
the Arctic is to set out, under the aus- 
pices of the Canadian Government, in June 
of the present year (1913). Mr. Stefansson 
has but recently concluded a five years' ex- 
pedition to the Arctic, in the course of which 
lie has made discoveries of a profoundly in- 
teresting character. He has found that the 
rivers La Ronci&rc and MacFarlanc, figured 
on the maps, are pure creations of the im- 
agination, even as were the mountains (of 
clouds) that stopped Sir John Ross in his 
quest of the North-West Passage. The 
Horton River, which he traced for 400 miles, 
proves to be deeper than the Coppermine 
River. Mr. Stefansson shows that not nearly 
all the ancient errors as to this region have 
been obliterated. We knew that our old 
navigators charted bays where open seas 
lay, and marked down bays as straits, and 
butted into many an island in the belief 
that the elusive passage lay that way. 

But the result of his five years' sojourn 
leads Mr. Stefansson to the declaration, made 
before the members of the Royal Geo- 
graphical Society during the present year, 
that a million miles of undiscovered land, 
now marked as open sea, remain to be 
mapped and claimed, and he hopes to set up 
the Union Jack on some of it during the 
voyage that will begin this year. 

The expedition is to be primarily a 
scientific one, but it has an Imperial aspect, 
and Mr. Stefansson anticipates the question, 
“ Can results justify the expense, labour,, 
and danger ? " by pointing out that in 1867 
American statesmen denounced the Secre- 
tary of State, who spent one and a quarter 
millions of money — of public money — for 
the purchase of Alaska, which, then re- 
garded as “ a block of ice," proves to be a 
land of incalculable riches. But there is a 
human, as well as an Imperial and com- 
mercial, interest in Mr. Stefansson's achieve- 
ments. He has discovered, in Victoria 
Lland, a race of blonde, European-like 
Eskimos, of whose existence not a hint had 


previously been known. Among from 800 
to 900 people whom he saw in one district, 
about 50 per cent, had fair beards, about a 
dozen had blue eyes, and a number had 
blonde eyebrows, characteristics to which 
he, as an expert ethnologist, reminds us, 
Eskimos have no right. The Eskimo has 
small, dark eyes, dark, lank hair, “ snub ” 
nose, and is distinctly Mongolian in type. 
But these “ blondes " suggest the Norse- 
man, in physical characteristics, in certain 
of their habits, in the use of a number of 
words which the explorer believes to be 
Norse. Until his arrival they had never 
seen a white man, nor used a rifle or a 
sulphur match. In doubt as to whether the 
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white men were supernatural or mortal like 
themselves, they offered them blubber to 
cat. Supernaturals, they argued, would 
not take the food ; mortals would. The 
Stefansson party ate, and the mysterious 
tribesmen were satisfied. 

Now, these fair-haired Eskimos, Mr. 
Stefansson believes, are the degenerate 
descendants of old Viking colonies by 
which Greenland and Iceland were peopled, 
centuries ago. The Black Death and the 
Hanseatic Wars caused these Arctic islands 
to be isolated from Europe, and forgotten. 
In course of time the colonists dispersed to 
the American mainland, and slowly mixed 
with the Eskimos, but not completely. 
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!» Whereas the average Eskimo can count up 
jito 400, the “ blonde ” who is more primi- 
itive — or degenerate — can count no higher 
; |than six. Intellectually, Mr. Stefansson 
jsays, they are on a level with what we may 
-jimagine the people of Great Britain of ten 
^thousand years ago to have been. Upon 
'his new expedition Mr. Stefansson is to 
make a closer study of these people ; and 
the world will await with interest the 
further results of his romantic discovery. 

Mr. Stefansson is himself the son of Ice- 
i landers, but, his parents removing to 
Canada, he was born at Winnipeg, in 1878. 
Accompanying his family to the United 
States, he graduated at Iowa University, 
and later became Professor of Anthropology 
at Harvard. After two trips to Iceland for 
ethnological purposes he made a remarkable 
overland journey through Arctic Canada, 
dwelt with Eskimos, and learned their 
language. Later, he made an expedition to 
the North, lasting nearly five years, and was 
the first man to discover metal — copper — 
in the Arctic islands. 

SIR MARC AUREL STEIN 
Spade Exploration in Central Asia 

Marc Aurel Stein, the discoverer of a 
buried civilisation in the great desert of 
Central Asia, was born at Budapest on 
November 26, 1862. After studying Oriental 
languages in Hungary, Austria, and 
Germany, he entered the service of the 
British Government of India, and became 
Principal of the Oriental College at Lahore 
5 n 1888. In his spare time he took up the 
study of works written by early Chinese 
Buddhists who made pilgrimages to India, 
and on his holidays he traced their route to 
the Buddhist shrines in Northern India. 
By 1899, when he became Principal of 
Calcutta Madrasah, he had extended his 
exploration of Indian antiquities to Kash- 
mir and the frontier. 

All this work was interesting and valuable 
in itself, but its chief importance now is 
that it helped to train Sir Marc for his great 
achievement. By following in the footsteps 
of a famous Chinese pilgrim of antiquity, 
he had found the lines by which the ancient 
civilisation of India had flowed into China. 
When he heard that Sven Hedin had dis- 
covered ruins of cities amid the seas of sand 
in the heart of Asia, he resolved to explore 
the ruins. He had some difficulty in inter- 
esting the Indian Government in the affair, 
but he was at last able, in 1900, to set out 
for Khotan, on the edge of the western 
extension of the enormous desert of Gobi. 
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There he found even more than he had 
expected to find. Seventeen hundred and 
more years ago streams had run far into tlu 
desert, and along the streams great, flourish- 
ing towns had been built, with gardens, 
orchards, and fertile fields spreading round 
them, and cultivated by a careful system of 
irrigation. Then, as the streams dried up, 
huge sand-waves had rolled over trees and 
houses and canals and temples, preserving 
almost everything they overwhelmed. 

Scarcely anything had decayed, owing to 
the dryness of the sand. The explorer dug 
up the writings, furniture, pictures, and art 
of a forgotten civilisation which proved to be 
o i the highest historic importance. The 
cities of the desert had been the meeting- 
place of the civilisations of Europe, India, 
and China. Here, in the early days of the 
Roman Empire, the native culture of China 
had been brought into contact with Greek 
culture, and the religious influence of 
Indian Buddhism had spread to the Far 
East along the same path. Strange writings 
were discovered that threw light on an 
almost forgotten Indo-Scythian empire, 
and a series of magnificent pictures showed 
that the sand-buried cities had formed the 
centre from which Indian art and religion 
spread to China and Japan. 

In 1906 Sir Marc Aurel Stein was again 
able to explore the three hundred miles of 
sand that hid the lost cities of the desert. 
He spent about two years in searching and 
excavating, and studying the treasures he 
recovered. He went as far as China in quest 
of documents and pictures, and obtained a 
collection unparalleled in the story of Asiatic 
exploration. Caravans loaded with trea- 
sures of art and literature were sent by him 
from the desert, and the boxes safely arrived 
at the British Museum in London. 

Many years will probably pass before all 
the material is arranged and studied and 
interpreted. Scholars in all parts of Europe 
are still busy unfolding the strange story 
of a vanished and forgotten civilisation. 
Sir Marc Aurel Stein has reluctantly re- 
turned to his ordinary work, and he is now 
acting as Inspector-General of Education 
on the North-West Frontier, but he hopes 
to obtain the leave and the subsidies neces- 
sary for continuing his great work in 
Asiatic exploration. He has fixed on the 
country around the Oxus as the scene of 
his future labours, and, if the opportunity 
is given to him, he hopes to be able to 
bring to light the vestiges of the earliest 
North European culture in the lands south 
of the Caspian Sea. 
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JOHN McDOUGALL STUART 
Aeross Australia from Saa to Sea 

John McDougall Stuart was one of those 
wandering adventurers who do not wait for 
opportunities, but make them. Bom on 
September 7, 1815, at Dysart, in Fifeshire, 
lie seemecf at first to lack strength of 
character. The son of an Army captain, 
he studied for a military career, but gave 
it up ; he then took to a business life, and 
found it dull ; and at twenty-three he sailed 
to Australia. Still he could not settle to 
any work : he tried the Government Survey, 
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spent some time in looking after sheep, 
and, in 1844, joined Captain Sturt's ex- 
ploring party as draughtsman. Sturt in- 
tended to cross the continent from Adelaide, 
in the south, to the Gulf of Carpentaria, on 
the north, but he was forced to turn back 
on account of the sickness of his men. 

Stuart had now found the kind of work 
that suited him. For some time he worked 
privately, searching for new pasture lands 
and watered country for great cattle firms. 
In this way he made useful reconnaissances 
along the path across Australia he intended 
to take. He set out with three men from 
Adelaide on March 2, i860, and passing to 
the west of Lake Eyre, which he had pre- 
viously explored, he travelled over grass 
country, entering the desert at the McDonald 
Range. On April 22 he camped in the 
centre of Australia, where he found plenty 
of water and pasture for his horses. . Soon 


afterwards he entered a region of thorny 
scrub, where water was scarce and trave 
slow, but he would have reached th< 
northern sea if he had not met, a few 
hundred miles from the coast, a tribe oi 
natives who compelled him to return. 

Undaunted, Stuart made another expe- 
dition the next year, and came within a 
hundred miles of the sea. Again the bush 
stopped him, and food grew so scarce that 
he was obliged to turn back once more, 
With remarkable persistency, the explorei 
made a third attempt in October, 1861 
At last success crowned his efforts, and on 
July 25, 1862, he bathed his hands and 
face in the waters of the Indian Ocean at 
Chambers Bay. But the return journey 
was a difficult and painful operation, 
Stuart himself was attacked by scurvy, anc 
his men suffered terribly from thirst. They 
passed creek after creek, and found in each 
place a dry channel. Stuart was carried 
into Adelaide in December, weak but 
triumphant, but he was disappointed when 
the reward of £10,000 was refused to him 
This sum had been offered to the first 
colonist who crossed the continent from 
sea to sea, but Stuart only received £2000 
as it was alleged that Burke had forestalled! 
him. As a matter of fact, Burke neveip 
actually reached the sea, while Stuart I 
completely accomplished the crossing olr 
the great island. He was given a granO 
of a thousand square miles of land in the- 
interior, but his health was so broken by} 
his continual work of exploration that he i 
never occupied the territory offered to him, 5 
He came to England in search of health J 
but died in London on June 5, 1866. 

OTTO NEUMANN SVERDRUP 

The Longest Voyage of Arctic Exploration 

Otto Neumann Sverdrup, who recently;' 
added 100,000 square miles of Arctic, land; 
to Norway, was born October 13, 1855, ;■ 
at a farm in Bindalen, in Helgeland. His* 
father owned fields and forests in a rough*: 
hilly country, and the boy became remark*, 
ably expert in ski-ing on his native moun k 
tains. He went to sea at seventeen, am 
served for many years in American an< 
Norwegian ships, obtaining his mate's cer 
tificate in 1878. Wrecked in a schoone 
off the West Coast of Scotland, he saved hi 
crew by his coolness and energy, and after 
wards commanded both sail and steam ships 

He had, however, given up seafaring an< 
settled down to farming work with hi 
father when Nansen proposed to cros 
Greenland on skis. He volunteered t< 

5001 


HARMSWORTH POPULAR SCIENCE 


iccompany the young explorer, and by 
l eason of his skill as a ski-runner he was 
•elected from the crowd of applicants. 
The resource and courage he showed in 
!he Greenland adventure endeared him to 
Jansen; and when the first Norwegian 
;?olar expedition was organised Sverdrup 
vas made captain of the " Fram.” The 
nanner in which he sailed this famous ship 
•afely through the ice, from the most 
lortherly point ever attained by a vessel, 
narked him out for further Polar work. 

So, in 1898, he was appointed leader of 
he second Norwegian Polar expedition. 
This was a purely scientific undertaking, 
ind no attempt was to be made to reach 
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the Pole. The object was the survey of 
the vast tracks of unknown land north of 
Greenland and Canada, and a fine staff of 
men of science was engaged to study the 
various aspects of the Arctic regions. The 
expedition was remarkably successful. 
Sverdrup left Norway in the " Fram ” on 
June 24, 1898, and returned on September 
26, 1902. For fouiayears and three months 
he worked in the Arctic, with the result 
that 100,000 square miles of territory were 
explored and annexed to Norway. Entering 
the threshold of the unknown region at 
Jones Sound, Sverdrup made the most 
extensive additions to Arctic geography. 
Finding that sledging conditions were un- 
usually favourable, he pursued his ex- 
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ploration to the north and west with fine 
energy and great success ; he marked out 
the boundary of the main North Polar 
Basin, and his staff determined the geo- 
logical structure of the lands around the 
Pole and collected the plants of the country. 
He found that musk-oxen ancl reindeer 
were abundant, and they provided him 
with fresh meat in his long sojourn in the 
region of darkness and ice. 

ABEL JANSZOON TASMAN 
The Dutch Discoverer of Tasmania 

Holland emerged from the struggle with 
Spain a great nation. Her new-found sense 
of freedom flowered out into art, industry, 
and adventure. Chief among the instru- 
ments of Dutch commerce and Dutch power 
was the famous Company of the Indies that 
was founded in 1602. This Dutch company 
wrested from the Portuguese the carrying 
trade between India, China, and Japan, 
and in a few years the Dutch were estab- 
lished in Java, Sumatra, Borneo, and the 
Spice Islands, with Batavia, in Java, as the 
centre of their commerce and enterprise. 

In 1642 the Governor-General of Batavia, 
Van Diemen, resolved to extend his terri- 
tories by annexing the Austral continent. 
This was a mysterious, legendary land which 
was supposed to lie towards the South Pole. 
Van Diemen fitted out two ships, and gave 
the command of the expedition to Abel 
Janszoon Tasman. Tasman had been born 
at Lutgegast, in Groningen, in 1602. 11c 

had been a sailor from liis youth, and at 
thirty-six he had won the command of an 
Indian merchantman, and sailed later to 
Japan, touching at the Bonin Islands, in the 
North Pacific. Tasman, like most of the 
adventurers of his age, was somewhat of a 
buccaneer. He was not averse to enrich- 
ing himself by pillaging the Spanish posses- 
sions that he passed. It was a profitable 
way of avenging the wrongs done to hi> 
country by the Spaniards, and at the 
Philippines he was afterwards as much 
feared as Drake had been in Spanish America. 

Setting sail from Batavia on August 14, 
1642, lie passed the isle of Mauritius, and 
still keeping a southward course, arrived 
at a high coast on November 27, which lie 
thought was a part of a great continent. 
He named the land Van Diemen’s Land, in 
honour of his Governor, but the island L 
now called Tasmania after its discoverer. 
He anchored in Fredrik-Hendrik Bay, and 
ascertained that the country was inhabited, 
although he could not see a single native. 

After following the coast. for a little way. 
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lie turned his ship eastward, with the 
intention of reaching the Solomon Islands. 
Happily, he mistook his course, and on 
December 13, 1642, he sighted a mountain- 
ous country, and anchored at a spot that 
he named Assassins* Bay. The natives were 
tall, with \>lack hair and brownish-yellow 
[aces, and they killed three of his sailors 
who tried to barter with them. Van Diemen 
named the country Staaten Land, but it 
is now better known as New Zealand. 
D11 his return voyage to Batavia, where 
lie arrived on June 15, 1643, Tasman 
liscovered the Tonga Isles, the Bismarck 
\ichipelago, and other lands. The chief 
result of his exploration was to prove that 
Australia, then known as New Holland, 
was not attached to the mysterious, mythical 
Austral continent. In 1664 Tasman sailed 
lo Torres Strait, and explored the Gulf of 
Carpentaria and the western coast of 
Australia. He enriched himself by pillaging 
some Spanish settlements, and died at 
Batavia in the year 1659. 

ARMINIUS VAMBERY 
A Wanderer Through Central Asia 

Armenius Vambery, the most venturous 
of explorers, is the son of a poor Jew of 
Hungary, who died of cholera soon after 
the boy was born. Professor Vambery is 
himself uncertain about the date of his 
birth, but it seems to have taken place at 
St. Gcorghen in the spring of 1832. The 
widow and her children got a miserable 
living by selling leeches. For the most part 
they lived on bits of black bread begged or 
bartered from gipsies. Early in his life the 
now famous traveller was smitten with a 
disease that permanently crippled him. 
Jeered at by Christians, and often ill-treated 
by them, the pale, starving, lame Jewish 
boy fought for an education with the energy 
that he fought for food. His father had been 
a religious student who vainly struggled 
to obtain the position of a rabbi, and the 
boy inherited his intellectual capacity, but 
lost his early religious beliefs. 

His great gift was for languages. When 
lie was eleven, he set out with a crutch 
under his arm and a small bundle on his 
back, and walked to a neighbouring town, 
where he obtained a position as tutor and 
bootblack at the house of an innkeeper. 

He afterwards studied in a Catholic 
school under some monks, and, after master- 
ing the chief European languages, took up 
die study of Turkish, Arabic, and Persian. 
He was always half starved, and sometimes 
wholly starving, but now and then he 


obtained a position as tutor in som< 
well-to-do family where food was abundant 
But he loved books more than bread an( 
meat ; and a professor whom he met was s< 
struck by his passion for learning that h 
lent him many expensive books and manu 
scripts in Asiatic tongues which Vamber 
could not afford to buy. 

In 1857 wandering scholarset out fo 
Constantinople, with the idea of pursuing 
his Oriental studies in the Orient. Hi 
entered Constantinople with no soles to hi. 
boots and no money whatever in his pockets 
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At the end of a few years he was a friend o. 
some of the highest Turkish Ministers o 
State, having won his way into Turkisl 
society as a tutor of foreign languages, witl 
a knowledge of Turkic and Arabic thal 
amazed the Turks themselves. Had h< 
wished, he could have settled in Constan- 
tinople and acquired wealth in the service 
of the Turkish Government, but he stiL 
loved knowledge more than money. The 
only use he made of his friendship with the 
Turkish Minister was to obtain letters oi 
recommendation to the Shah of Persia. 
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: t Then, arrayed as a Turk, he set out with a 
hmall trading caravan for Teheran. Un- 
prtunately for him, the Persians differ 
(prom Western Mohammedans in matters of 
Jjeligion. The strife between them is more 
[ 4 crce than that between Catholics and 
Protestants two or three hundred years ago. 
•/ambery, indeed, says that he was, as a 
furk, treated by the Persians in much 
„he same way as he had been treated as a 
icwish boy by the Christian Hungarians. 
i At Teheran disputations were organised 
>y the Persian priests for the conversion 
>f the Turkish scholar- -no one ever dis- 
tovering that 11 Resliid Effendi ” was a 
European. After exploring Southern Pcr- 
ia, Vambery was sufficiently “converted" 
o adopt the dress of a wandering monk, or 
iervish, and, with some Tartar pilgrims 
m their way back from Mecca to Central 
k.sia, he set out for Bokhara. 

After travelling for two months with the 
>ilgrims, he learnt so well their ways of life 
nd their manner of speech that he was 
odist inguishable from them. Among the 
latives of the Turkoman territory he passed 
or a holy pilgrim, and was treated with 
;reat reverence, but on the journey to 
Chiva he met an Afghan who had fought 
gainst the British, and this man was so 
truck by the European cast of his features 
hat he denounced him as a spy. Happily, 
he explorer's fellow-pilgrims regarded him 
.s somewhat of a magician, and consulted 
lirn when they were passing through peril- 
ius deserts. He was offered the command 
if some thousands of Turkoman raiders for 
.n attack upon the Persian frontier. 
Thinking it was a test, he did not suddenly 
eject the offer, but pretended to consider it 
arcfully, and slowly come to the conclusion 
hat it would not be successful. 

So, without great peril, he arrived at 
Hferat, collecting on his way specimens of 
\siatic languages then unknown to Europe. 
n audiences with khans and emirs, full 
:>f suspicion against the strange dervish, 
ae bore himself so well that sometimes 
jifts were made to him. He returned by 
raravan to Persia in the spring of 1864, 
ind made his way through Constantinople 
.0 Hungary, arriving at Pest in May. But 
Ihougli the newspapers of Europe had long 
tccounts of his adventures, his own people 
received him coldly and indifferently. So 
ke went on to London, where he was wel- 
omed by the Royal Geographical Society 
ind received by Lord Palmerston. 

His knowledge of the politics and currents 
»f feeling in Central Asia made him a 
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man of importance. He received in our 
country that which he had been longing to 
receive — the fame of an adventurous and 
scientific explorer. His studies of hitherto 
unknown languages were best appreciated 
in Germany, but the man himself was 
warmed and heartened by his *Social and 
popular success in England. He became a 
devoted friend to our country, and laboured 
ever afterwards to advance our interests 
in Asia and among the Mohammedan world 
generally. Returning home, he was made 
Professor of Oriental Languages at Pest, 
where his life has passed in study, inter- 
rupted by holiday trips to England. 

AMERIGO VESPUCCI 
The Man After Whom America is Named 

Amerigo Vespucci was bom at Florence 
on March 9, 1451, the son of a notary, 
and the nephew of Friar Giorgio Antonio 
Vespucci, the learned doctor who marches, 
eloquent and powerful, through the life- 
story of Savonarola. To him Vespucci 
owed his education and his opportunity to 
equip himself in astronomy and geography. 
Vespucci helped to fit out the ships for the 
second expedition of Columbus in 14(33, 
and claims himself to have set sail in May, 
1497, and, in June of the same year, to have 
reached what should be Cape Honduras ; 
to have sailed thence up the coast of Yucatan, 
along the coast of the Gulf of Mexico, to 
Florida, and then to have compassed a 
further extensive coastal exploration north- 
ward before turning eastward to the 
Bermudas, and so home to Spain, arriving 
in October, 1498. Now, this account would 
make him reach the American mainland 
before either Columbus or Cabot. 

In Fiske's painstaking “ Discovery of 
America," Vespucci's account is carefully 
set forth — and endorsed. Other authorities, 
weighing its many improbabilities, its 
obvious inaccuracies and contradictions, 
refuse to accept the story. Of the later 
voyages of Vespucci to America, of his 
discovery of All Saints' Bay, on the coast of 
Brazil, and of his exploring south as far as 
Cape Frio, there is not the least doubt. 
There remains, however, the gravest sus- 
picion as to the story of that first misty 
voyage. But, whatever the date of his 
arrival, Vespucci realised, as Columbus 
never did, that this fresh-found continent 
was not the opposite extremity of the land 
which Da Gama had reached by sailing by 
the African route to the east. In the course 
of a letter written to Lorenzo de Medici in 
1503, Vespucci says: “I have formerly 
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written to you at sufficient length about my 
cturn from those new countries which, 
in the ships and at the expense and com- 
mand of the most gracious King of Portugal, 
we have sought and found. It is proper to 
t .ill them a new world." 

Within H year the letter was translated 
into Latin and published, in pamphlet 
torm, bearing the title, " The New World." 
A copy reached the hand of Martin Wal- 
flcemuller, professor of cosmography at St. 
Die University, in Lorraine. He at once 
incorporated the letter in a “ Cosmo- 
graphic Introduction " for his new edition 
of Ptolemy’s works. Having previously 
treated the world as consisting of three 
continental divisions, he now added to his 
introduction : “ But now . . . another 

fourth part has been discovered by Amerigo 
Vespucci — as will appear in what follows — 
wherefore I do not see what is rightly to 
prevent us from calling it Amcrige, or 
America." The suggestion for a name was 
thus given to the world five years before 
Vespucci died, and a year after the grave 
had closed over Columbus. 

The name thus suggested was, of course, 
adopted. It was given by a man of no 
account, in honour of a man of still less 
account, and for ever we hail Columbia 
by a title which ignores the valiant soul who 
had the courage first to seek her. True, 
Columbus did not know that he had found a 
New World. He thought to the end that 
lie had found a part of ancient Asia. Ves- 
pucci was more right than he, but his name 
ought never to have been bestowed upon 
the land. " Cabotia " should have been the 
designation if its natural appellation, 
Columbia, could not be applied. Vespucci, 
who after his voyages settled down as a 
naturalised Spaniard, and became chief 
pilot of the kingdom, was a first-rate 
explorer, with, it is to be feared, a fatally 
elastic conscience in respect of that dubious 
first voyage. He died at Seville on 
February 22, 1512. 

JAMES WEDDELL 
Explorations of an Antarctic Sealer 

After Captain Cook had vainly sought 
for the Antarctic continent, the waters 
around the South Polar regions were for 
many years visited only by British and 
Vmerican seal-fishers. The sealers made 
discoveries of importance, but for the most 
part they kept their knowledge secret. 
They wanted ho rivals in the places they 
found by chance or adventure. When, for 
instance, William Smith, an English whaling 


captain, announced his discovery, in 1819 
of the South Shetland Islands, the Britisl 
and American seal-hunters descended ir 
force on the new-found lands, and workec 
their way to the South Orkney Isles. 

Three years afterwards, James Weddell 
another sealing captain, excited the atten- 
tion of Europe, and aroused a new enthu- 
siasm for Polar exploration in our country 
by finding the Weddell Sea, and sailing 
240 miles nearer to the South Pole thar 
Cook had gone. This remarkable achieve 
ment was done in the ordinary way of work 
but the man who did it was one- of the mosi 
skilful navigators of his era. The son of : 
London working upholsterer, Weddell wa‘ 
born on August 24, 1787. The death of th< 
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father brought the family to misery soor 
after the boy’s birth. There was little 
money for his education, and he was soor 
set to earn his own living on a coal-boat. 

Like Scoresby, whose Arctic exploit h< 
equalled in the stranger Antarctic seas 
Weddell had that natural talent for learning 
that no system of instruction can supply 
By instinct he sought for the intellectua 
tools he needed, and improved his mind ir 
his spare time. Haviqg acquired the art* 
of seamanship and navigation, he sailed tc 
the West Indies at sixteen, and worked foi 
some time in voyages across the Atlantic 
He became a young man with an uncommor 
strength of character and strength of body 
and he ended a dispute with his captain b} 
knocking him down. 

The angry skipper handed Weddell, or 
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, a charge of insubordination and mutiny, to 
i the captain of H.M.S. “ Rainbow.” But 
1 this intended act of punishment was con- 
i' verted by the hardy and skilful young 
S sailorman into a means of promotion. He 
j proved himself an alert and able seaman, 
!■ continually improving his talents by study, 
!•' and in 1810 he was made master of the 
> “ Firefly,” and later master of the “ Hope.” 
iBut the overthrow of Napoleon, and the 

• restoration of the peace of Europe, put an 

• end to liis naval career, and he was retired 
on half pay. On this he lived for three 
years, but he found at last an outlet for 

: his energies in a voyage of adventure to the 
1 South Seas. He was given the command 
1 of a brig, the “ Jane,*’ of Leith, and sent on 
a sealing trip to the recently discovered 
South Shetland Islands. There he was so 
successful that on his return he was able to 
buy a share in the “ Jane.” 

On September 17, 1822, he set out on the 
voyage that made him famous, lie left the 
Downs with two vessels — the “Jane,” of 
160 tons, and the “ Beaufoy,” a cutter of 
65 tons. Steering straight for the South 
Orkney Isles, he made an accurate survey 
of the coasts. He then shaped his course 
for the South Sandwich Isles, and ascer- 
tained that no land was to be found between 
the two island groups. 

Turning south, Weddell crossed the 
Antarctic Circle, and soon sighted ice. His 
ships were hemmed in by the ice-pack and 
menaced by huge icebergs, but, though 
blinded by fogs and snowstorms, he held 
to his course with dogged persistence, 
groping his way through the grinding floes. 
Suddenly, in latitude 72 0 38*, S, he entered 
a clear, sunny sea. It was the depth of 
winter, but the weather was mild, flocks of 
birds hovered above the brig and cutter, 
and large schools of whales sported in the 
wake of the vessels. Weddell sailed eagerly 
Jon, hoping to sight the Antarctic continent. 
‘But when he was in latitude 74 0 15', or 
about 945 miles from the South Pole, the 
wind changed, and he felt compelled to take 
’advantage of it and sail back. The season 
Was late, his provisions were short, and he 
bad to pass homeward through 100 miles of 
kea strewn with ice, with long nights and 
heavy fogs. He had reached the most 
southernly point attained by man, and dis- 
covered a new kind of seal, known as the 
[Weddell seal. 

On the return voyage he was prevented 
by the ice-pack from reaching the sealing 
islands, and had to sail north without a 
:argo. His two ships were separated by a 
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storm, but met again in New Georgia, after 
a perilous voyage of 1200 miles among th, 
ice. Weddell made for Tierra del Fuegn, 
and examined some of the coast, with a 
view to helping navigators, and studied tli«* 
strangely low natives. It seems as though 
Weddell’s fame as an explore! was pm 
chased at his cost as a shipowner. His Iom 
of a cargo of sealskins must have made hi* 
voyage one of considerable expense, for. 
some years afterwards, he returned to tin 
position of a skipper of other men’s ships, 
and he died a poor man, in Norfolk Street 
Strand, on September 9, 1834. 

SIR HUGH WILLOUGHBY 
Pioneer of the North-West Passage 

Sir Hugh Willoughby, the first of tlu- 
great gentlemen adventurers, was born 
somewhere about the beginning of the six- 
teenth century. He came of a great fighting 
stock, and his family was landowners oi 
ancient power in Nottingham. Sir Hugh 
was a handsome man of great height and 
strength. He fought against the Scots in 
1544, and was knighted for his bravery at 
Leith by the Duke of Somerset. Four years 
afterwards he was made Captain of Lowther 
Castle, but the fall of the Duke of Somerset 
put an end to his military career. So he 
came to London in search of employment, 
and met Sebastian Cabot. On the advice 
of Cabot, three ships were fitted out for 
the search for the North-West Passage 
to China, and Willoughby was appointed 
commander of the expedition. He had no 
knowledge of seamanship, but some first- 
rate pilots were engaged, and Willoughby 
was made leader by reason of his skill in 
war and his talent for governing men. 

The expedition left Greenwich on May n, 
1553, and all the Court came to see it off. 
The little fleet was obliged to put in at 
Harwich to get fresh provisions, as their 
victuals went bad. It was not until June 
23 that the ships left the coast of England, 
and steered for the Lofoten Isles, where 
they arrived on July 27. As they were 
making for Vardohuus, a gale arose, and the 
three ships were scattered. Two met again 
the next day, sailed into the White Sea, 
and landed near a Russian castle. There 
Richard Chancellor went to Moscow, at the 
invitation of Czar Ivan, and established 
trade relations between England and Russia. 
On his return to London, the Muscovy 
Company was formed, with great profit to 
the enterprising merchants who had sent 
out the exploring expedition. 

In the meantime. Sir Hugh Willoughby, 



GROUP 2— SEEKERS AND FINDERS OF NEW LANDS 


j .jiorant of navigation but wild with the 
.ojrit of adventure, let his ship go with the 
v'ind, and on August 14 he sighted the icy, 
(I. folate coast of Novaya Zemlya. He was 
tbe first man from Europe to penetrate 
tin is far into the Arctic wilderness, and he 
p;iid for his* achievement with his life and 
the lives of his crew, for, turning back, he 
;l i rived on September 18, 1553, at Arzina 
Harbour, where Lapland joins Russia, and 
there the storms held his ship, and, after 
a terrible struggle against starvation, he 
perished with his men in January, 1554. 

FRANCIS XAVIER 
Missionary Explorer in the Far East 

Francis Xavier was the son of Juan dc 
Jasso, a privy councillor to King John of 
Navarre. The boy was born at the castle 
nf Xavier, near Pampeluna, on April 7, 1506. 
Xavier was his mother’s name, and, by a 
curious Spanish custom, he was only known 
by it, instead of by his father’s name. Francis 
intended to follow his father’s career, and 
went at eighteen to the University of Paris. 
At twenty-four he was appointed a lecturer 
in philosophy at the College Beauvais. The 
brilliance of his mind attracted Ignatius 
Loyola, who had come to Paris to win 
disciples, with a view to forming a new 
order for a mission to the Holy Land. He 
had much trouble in gaining over Xavier, 
but when the young scholar adopted the new 
religious discipline he proved to be second 
only to the founder of the Jesuit Order in 
qualities of mind and soul. 

Francis was one of the seven men who 
took the famous vow at Montmartre in 
1534, and thus originated the Society of 
Jo*us. He went with Loyola to Rome, and 
spent three years trying to create a religious 
icvival at Bologna University. Then King 
John of Portugal asked for missionaries to 
the Far East, and Francis, taking the place 
of two men who had fallen ill at the last 
moment, set out in the spring of 1541 on the 
great work of his life. He arrived at Goa, 
in India, in May, 1542, and for two years 
worked among the fishermen of Cape 
Comorin. But he found that the lives led by 
the Portuguese adventurers in India were 
disastrous to the cause of Christianity. 
They needed conversion more than any 
native, but he could not uplift " the dregs 
of humanity," as he called the Portuguese. 
Though lie was extraordinarily successful as 
a missionary at Travancore, this was due 
more to the political policy of the native 
prince than to any sincere conversion of his 
p- ople. The wholesale conversion was 
Minply a bid for Portuguese support against 


the power of the Mohammedan rulers. 
Xavier, tired of the intrigues and dis- 
orders of life around him, and sighing for 
new horizons, sailed to the Banda 
Islands, the Spice Islands, and Ceylon. 
In the last country he converted the 
King of Kandy and many of his people, 
but in this second part of his career in 
the Orient he worked more as an explorer 
than as a missionary. He was searching for 
a field of work where, in his own words, 
Europe could not overturn what he built 
up. This he found in Japan, where he landed 
in 1549, accompanied by a young Japanese 
whom he had taught at Goa. He visited 
Kagosima, Hirado, and Kioto, and founded 
a mission that flourished for a hundredyears. 
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Some of the chiefs of the great Japanese 
clans were interested in the strange religion 
from Europe, but Xavier could find no way 
of arousing their enthusiasm. He saw that 
China was then the source of Japanese 
culture, and that in the commerce of ideas 
China was all-powerful. So it struck him 
that it would be best to devote his whole 
energies to preaching the Gospel in China, 
for this would have the effect of deeply 
influencing the Japanese mission, while at 
the same time it spread Christianity among 
the Chinese themselves. It was a fine, 
statesmanlike idea, but the Portuguese put 
difficulties in the way of its execution ; 
and, worn out in mind and body, Xavier 
died at San-chain. near Canton, on Decem- 
ber 22, 1532. His body was interred at 
Goa, and he was canonised in 1622. 
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THINKERS 


c W. NIETZSCHE— THE CONCEIVER OF 
f | he SUPERMAN 

NOVALIS— THE MOST IDEAL OF IDEAL- 
ISTS » 

yviLI IAM PALEY— A MASTER OF ARGUMENT 
PHII O— A PHILOSOPHER AT THE CROSS- 
ROADS 

pLA1 o— THE FOUNTAIN-HEAD OF ALL 
LITERATURES 

PYTHAGORAS— THE FOUNDER OF THE 
CULT OF WISDOM 

THOMAS REID— FOUNDER OF THE SCOT- 
I LSH SCHOOL OF PHILOSOPHY 
FRNKST RENAN-AN EMANCIPATOR OF 
RELIGIOUS THOUGHT 
JOHN RUSKIN— THE FIRST TRUE “MASTER 
(JK ARTS” 

F. W. NIETZSCHE 
The Conceiver of the Superman 

Friedrich Wilhelm Nietzsche was born at 
Korken, Saxony, on October 15, 1844, and 
hail an education of the usual type at Bonn 
and Lcipsic. In his earlier years he wrote 
with great distinction and power upon 
various aesthetic questions, such as Greek 
tragedy. He also fulminated against 
Wagner, whose works he had at first ad- 
miral. Then there followed the works which 
haw made him famous, and have recently 
Urn translated largely into English. These 
range 1 from the year 1878 up to the year 
iSi}(>, when Nietzsche published “ Thus 
>iukc Zarathustra.” 

During the last decade of his life Nietzsche 
was insane, and there arc many insane 
characteristics in “ Zarathustra,” as in its 
pu d* cessors. These have been mercilessly, 
it not extravagantly, pointed out by Dr. 
Mux Nordau, in his well-known book 
“Degeneration.” Nevertheless, Nietzsche 
was a writer of unquestioned genius, as 
anyone may observe from the collections of 
hi* 4 sayings, many of which were put into 
tin* mouth of “ Zarathustra.” 

Nietzsche was much taken with the 
theory of Darwinism. He saw the great 
s idu of the record of organic evolution, and 
honour is due to him on that account. If 
nian has ascended from the lower animals, 
" c ‘ i»iust look for a higher being than man, 
"ho is to succeed him. This being Nietzsche 
called the 11 Superman,” and the name 
an( l the idea have now passed into the 
common currency of thought. But, un- 
mttnnately, Nietzsche argued from a notion 
^ Darwinism which Darwin would have 
jj 01 ' 11 the first to repudiate. He ignored the 
survival value ” of pity, maternal instinct^ 
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FRIEDRICH WILHELM SCHELLING— ATRAN- 
SCENDENTAL THINKER 
ARTHUR SCHOPENHAUER THE PHILOSO- 
PHY OF WILL 

ADAM SMITH— WHO MADE POLITICAL 
ECONOMY A SCIENCE 
SOCRATES— TRJJTH-SEEKER BY INQUIRY 
HERBERT SPENCER— PHILOSOPHER OF 
UNIVERSAL EVOLUTION 
BENEDICT SPINOZA— WHO SAW ALL 
THINGS AS THE VESTURE OF GOI) 
THALES— “FATHER OF PHILOSOPHY” 
TOLSTOY — REINTRODUCER OF THE 
CHRISTIANITY OF CHRIST 
VOLTAIRE— THE MAN WHO FREED THE 
MIND OF FRANCE 

XENOPHON— THE FOUNDER OF THE 
LITERARY ESSAY 

co-operation, and altruism, and assumed 
that the struggle for existence depends 
wholly upon an individualistic competition 
between individuals. To any naturalist 
the whole conception is simply ludicrous. 
But from this Nietzsche went on to declare 
that pity and sympathy and the whole 
Christian system are 14 the morality of 
slaves.” They must be abolished by the 
coming of the “ Superman,” who is to be 
the incarnation of power, pitiless, in- 
sat iablc , all-conquering . 

A certain school of Eugenists, so-called, 
have drawn freely upon these ideas, and 
seek to have natural selection, which they 
misunderstand and limit wholly to the 
egoistic impulses, regarded as the creative 
force of the future. But serious thinkers 
have long ago shown the unscientific basis 
of Nietzsche’s theories, and the over- 
whelming evidence of madness in his 
writing. He was particularly violent in his 
hatred and contempt of women. He died 
at Weimar, on August 25, 1900 ; and we 
can only surmise what would have been 
the fruits of his magnificent natural genius 
if, by a tragic stroke of fortune, disease had 
not perverted and finally ruined it. 

NOVALIS 

The Most Idral of Idealists 

Friedrich von Hardenberg is not a name 
known to philosophy or literature, but 
** Novalis ” is, thanks in a large degree to 
the partiality for him shown by Thomas 
Carlyle. Novalis was the pseudonym 
chosen by Von Hardenberg, and it has 
entirely superseded his own name. He was 
born near Mansfeld, in Prussian Saxony, on 
May 2, 1772, his father, who had been a 
soldier, being director of the local salt- 
works. The family was earnestly religious, 
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and the boy carried on the family tradition 
in that respect. His education before he 
attended Jena University was almost private. 
From Jena he went to Liepsic, and finished 
his formal studies at Wittenberg. At Jena 
he studied under Fichte, and became 
acquainted with Schlegel, while at Witten- 
berg he was much influenced by Schiller. 
Besides metaphysics he studied the physical 
sciences, mathematics, and history. It is to 
Tieck, who only met him in later years, 
that the world is chiefly indebted for what 
it knows of his life and work. 

Novalis began practical life as an official 
in the business of which his father was a 
director, and the same year fell deeply in 
love with a beautiful girl who, three years 
afterwards, died. About four years later, 
on March 25, 1801, he himself died of con- 
sumption. His writings belong largely to 
the time that was coloured by his early 
sorrow. Later, when he went to Freiberg 
to study mineralogy under Werner, he had 
recovered from his romance sufficiently to 
become affianced to another maid, but his 
breakdown in health prevented the marriage. 

Tieck gives a striking description of the 
personal appearance of his friend, in whom 
all the distinguished men of his circle saw a 
thinker of fine but subtle genius : “ Tall, 

slender, of noble proportions, his hazel eye 
clear and glancing, his look cheerful and 
kind, he presented a figure that might be 
called beautiful. His frank bearing made 
him a universal favourite. Without vanity, 
far from every affectation, he was a genuine, 
true man — the purest and loveliest embodi- 
ment of a high, immortal spirit. 11 

Novalis was a mystic. He held that the 
highest truths cannot be reached by logic, 
but came to men through intuition and 
sympathy. Only his poems " Hymns of 
the Night ” and " Sacred Songs ” are- 
complete. His prose works are all frag- 
ments, and fragments that can only be 
interpreted by the intuition in which 
Novalis believed. “ Naturally a deep, 
religious, contemplative spirit/* says 
Carlyle, “ purified also by harsh affliction, 
and familiar in the sanctuary of sorrow, he 
comes before us as the most ideal of all 
idealists. In sober belief he feels himself 
encompassed by the Godhead ; feels in 
every thought that * in Him he lives and 
moves and has his being.' " 

“ For him," says Tieck, “ it had become 
the most natural disposition to regard the 
commonest and meanest as a wonder, and 
the strange, the supernatural, as something 
common ; man’s everyday life lay round 
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him like a wondrous fable, and those regions 
which the most dream of, or doubt of, as a 
thing distant and incomprehensible, wore 
for him a beloved home.” 

Such a man, of course, had no system of 
thought, the more so as he died before the 
age of thirty. Had ’he litfed, he would 
never have systematised his wizard probing 
of the realms of the spirit, but he had rare 
flashes of. insight, and by these he lives. 
“ Philosophy can bake no bread, but she 
can procure for us God, Freedom, Immor- 
tality.” “ Philosophy is properly home- 
sickness — the wish to be everywhere at 
home.” " Every beloved object is the 
centre of a paradise.” “ The fresh gaze of a 
child is richer in significance than the 
forecasting of the most indubitable seer." 
Of Novalis it may be said, as was said of 
Fichte — his piercing thought, like lightning, 
appears but for a moment, but it kindles a 
fire which burns for ever. 

WILLIAM PALEY 
A Great Master of Argument 

William Paley, Archdeacon of Carlisle, 
a shrewd philosopher on religious lines, 
was born at Peterborough in July, 1743. 
His father was a minor canon at the time of 
the son's birth, but became headmaster of 
the grammar school of his native parish, 
Giggleswick, shortly afterwards. As a boy, 
one of Paley’s biographers says, “ lie 
mingled intellectual activity with corporeal 
indolence.” He was an awkward lad, with 
no play, though he had that liking for 
mechanical contrivances which often goes 
with hearty play. When he entered Christ's 
College, Cambridge, at the age of fifteen, he 
rode there with his father, and proved his 
want of the activity natural to boys by 
falling off his horse seven times during the 
journey. The account he gives of it is : 
” My father, on hearing a thump, would 
turn his head half aside and say, ‘ Take 
care of thy money, lad.' ” 

At Cambridge he spent two years, 
” happily but unprofit ably.” The words are 
his own. He was brought to his senses by 
one of his companions, who, after a late 
night, appeared at his bedside in the morn- 
ing, and declared that if Paley persisted in 
his indolence he would renounce his society. 
“ I could do nothing, probably, if I/ V(i rc 
to try,” said the warning visitor, “ and 
I can afford the life I lead ; you could do 
everything, and cannot afford the life you 
lead.” Paley took the hint, studied 
diligently, and became Senior Wrangler. 

On leaving Cambridge he taught Latin 
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’(f three years at a school in Greenwich. 
j T 1766 he was elected a Fellow of his 
Tillrfic, and later became a tutor, his 
•object being moral philosophy. With him 
Ls a fellow-tutor was Mr. Law, son of the 
.faster of Peterhouse. Law senior became 
bishop of Carlisle, and at once acted as 
,atron to Paley, and made him his chaplain. 
Vs a friendly biographer quaintly says : 

• After providing for his son. Bishop Law 
•onferred upon Paley the best benefices he 
iad to bestow.” This patronage culminated 
n 1782 in the Archdeaconship of Carlisle ; 
ind in 1785 Paley was made Chancellor of 
he diocese. In 1787 “ he lost his venerable 
riend and patron.” Later he received 
■ecognition in the form of pluralities from 
:he Bishops of London, Lincoln, and Durham, 
till lie was a wealthy man, but he never 
became a bishop himself — a remarkable 
emission, if we remember the spade-work 
tie did in defence of religion, but not 
cniarkable when one realises the texture of 
the archdeacon's mind and character. 
Paley was very logical, very clever in 
argument, sensible, humorous, practical, 
adaptable, but not conspicuous in “ the 
beauty of holiness.” He was a forger of 
weapons, but not an inspircr of fighting-men. 

His four works, besides sermons, were 
"Principles of Moral and Political Philo- 
sophy,” published in 1785 ; “ Horae 

Paulin®,” 1790 J “ View of the Evidences 
of Christianity,” 1794 ; and “ Natural 
Theology; or, Evidences of the Existence 
and Attributes of the Deity,” 1802. He 
died at Bishop Wearmouth, where he was 
rector, on May 25, 1805. 

As a writer, Paley was, above all, clear 
and simple. He never penned a sentence 
that was obscure to the average intelligence. 
And he had the power of building up a 
case by sheer number and concentration 
his arguments. But he was always an 
advocate. It was well that the Church 
should have certain things proved, so he 
himself the task of collecting and 
arranging the proofs. His plan, as he 
confided to his readers, was to " extract 
w hat I could from my own stores and 
reflections in the first place ; to put down 
that, and after to consult upon each 
^bject such readings as fell in my way. 
f make no pretensions to perfect originality, 
but I claim to be something more than a 
? ere compiler.” His " Moral Philosophy ” 
ls a frankly utilitarian argument — an argu- 
ment for prudently making the best of both 
worlds — and it contains an abundance of 
^und sense. The “ Hor® Paulin® ” is an 


argument for the natural production of the 
New Testament narratives, as shown by 
their undesigned coincidences. If the 
Scriptures had been false, he contended with 
great force, they would have been written 
quite differently. The ” Evidences of 
Christianity ” was written to meet the 
special doubts of the period, and is now 
very much out of date. 

The book by 'which Paley holds his own 
in the world of thought and science is the 
” Natural Theology,” an argument, very 
largely physiological, that the “ design 1 
which manifestly pervades all life is a proof 
of the existence of an intelligent designer. 
It is an argument that has to be met, and is 
not met, by the objectors to it. Indeed, 
science constantly brings us round again to 
the signs of an adaptive intelligence inces- 
santly at work in all life. The most 
surprising fact about this great, simple 
book, reiterating a single argument through 
innumerable well-chosen illustrations, is the 
amount of scientific knowledge that was 
available considerably more than a hundred 
years ago, when Paley was building up his 
book. A good deal of Paley’s knowledge 
was borrowed from Dutch sources, but he 
arranged his material with great skill ; and 
among all the books which probe the deepest 
problems of existence there is none that 
is more readable, as well as more arresting 
in its contentions, than this. William Paley 
was not a great man, nor even a great 
cleric, but he was a consummate arguer ; and 
we can well understand a fact of his college 
days, mentioned by one of his earliest 
biographers, “ The schools were uniformly 
crowded when he was expected to dispute. 

PHILO 

A Philosopher st the Cross-Roads 

Philo Jud®us, the great Jewish philo- 
sopher of Alexandria, who, contemporary 
with and immediately following Christ, 
succeeded largely in interpenetrating the 
speculative philosophy of Greece with the 
supernatural revelation of the Jews, was 
born at Alexandria, probably between the 
years 20 and 10 b . c . His family seems to 
have been rich and influential, for Josephus 
mentions that his brother was an important 
farmer of taxes. Alexandria at that time 
was a huge, cosmopolitan city, with an 
enormous population of Jews. It was a 
very great educational centre, and, in 
matters of thought, the chief meeting-point 
of East and West. 

Philo seems to have absorbed all the 
learning of Greece, to have been intimately 
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acquainted with the works of Plato, and to 
have regarded the philosophies of the 
Stoics and Pythagoreans with unbounded 
respect. The interfusion of his own ideas 
with those which he had assimilated from 
the Greek philosophies resulted in an 
original philosophy in which Greek thought 
was leavened by Oriental mysticism, and 
the amalgam had further an important in- 
fluence on the growth of Christianity. 

What personal touch Philo haa with 
Christianity is not clear. It is known that he 
visited both Rome and Jerusalem. At the 
age of more than fifty he went to Rome as 
the spokesman of a Jewish embassy from 
Alexandria to plead for the revocation of 
the decree which demanded that every race 
within the Empire should pay divine honours 
to the Emperor Caligula. Of course, that 
was impossible to the Jews. Philo gives a 
graphic description of his visit in his “ De 
Legatione ad Caium.” Eusebius and other 
Fathers of the Christian Church preserve 
the tradition that he again went to Rome, 
and on this second occasion made the 
acquaintance of the Apostle Peter, but 
critical opinion receives the statement with 
doubt. Here the personal story of Philo 
ceases, but a selection from his works 
remains, and the influence of his thought is 
remarkably widespread. Its most familiar 
form appears in the difference in spirit 
between the Gospel according to St. John 
and the other Gospels. Obviously, St. 
John’s Gospel is interpenetrated by the 
influences of the Alexandrine thought 
which proceeded from Philo. 

Minute examinations of Philo’s writings 
have been made by Schiirer, Zeller, and 
others, so that his system has received the 
appreciation its importance deserves. The 
intellectual Jews of Alexandria had long 
been deeply involved with Greek thought, 
and had been seeking to find some ground 
for reconciliation between their conception 
of the Eternal and the purest Greek ideals. 
The Pentateuch had been translated into 
Greek, and a Jewish-Greek literature had 
sprung up. Indeed, so marked was the 
Greek influence that many of the Jews had 
forgotten their own language, and become 
Hellenistic in speech, nationality, and cul- 
ture. Thus, while Rome ruled imperially, 
Greek thought and artistry dominated the 
world. Even Philo cannot be regarded as a 
profound Hebrew scholar. 

But the Jews, though Hellenised, clung 
to their religion, and tned to give it a wider 
influence by grafting it on Greek culture. 
They were even prepared to tone down or 
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allegorise the literal rendering of their 
Scriptures if by doing so they could re- 
commend the central features of th<i r 
creed. Philo felt all these influences, hut 
as regards his faith was conservative. if e 
was Jewish to the core, regarded the 
Jewish law as a Difrine institution, ;im j 
brought all philosophies to it as a test. The 
laws of Moses were his final court of appeal, 
and he held that the best and truest doc- 
trines of the Greek philosophers had long 
ago been incorporated in the Jewish Books 
of the Law. 

If, as he had learned from the Stoics, 
human knowledge was delusion, then man 
must search for Truth in another sphere. 
If Reason fail, there is still a faculty that 
can supply man’s want, and that is Faith. 
True science is God’s gift, and it springs, he 
held, from piety. Philo’s idea of God was 
that of a Being indefinable, unimaginable. 
Finite beings are circumscribed by tlu-ir 
attributes. God is without limits ; He has 
no attributes. He is one ; simple ; ever- 
lasting ; immutable — better than Platonic 
Virtue, or Knowledge, or the Beautiful, or 
the Good. He cannot be otherwise if He 
exists. But no one can fathom the mystery 
of His Being — “ I am that I am.” But, it 
it is impossible to know God in His essence, 
there are intermediary Divine forces or 
ideas that establish an active relation 
between God and the world. These inter- 
mediary entities, says Philo, are identical 
with the “ angels ” of the Jews— “ a 
chorus of unembodied souls ” occupying 
the air, messengers of God, through whom 
He communicates with finite beings. 

Philo regarded all these intermediary 
ideas or forces as comprised in one supreme 
idea — the Word, or Logos — God’s thought, 
the immanent reason of God. Now, the 
Greek word Logos means both “ Reason " 
and “Word,” so the doctrines of the 
Logos may be construed in two ways- the r 
one Hellenic and metaphysical, the other 
Hebrew and theological. And it is also used 
in the Philoistic Gospel of St. John in a 
third way, where the Logos, the Word, 

“ the first-born son of God, and mediator 
between God and man,” is made flesh, and 
“ dwelt among men ” in the form of Christ. 
Thus Philo’s thought is the gathering-ground 
where Greek philosophy, Hebrew theism, 
and systematic theology met. The Alexan- 
drine Jews thought to impregnate ana 
capture Greek thought, but a third com- 
petitor dominated the amalgamation ; ana 
the elaborate philosophy of the Christian 
Fathers was built on the interaction 0 
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^ek and Jewish thought around the 
ini pie life of Christ and His childlike 
eai hfeg °f a Father in heaven. No man 
ias ( ver stood more certainly than Philo 
t the cross-roads of historic thought. 

* PLAfO 

The Fountain-Head of All Literatures 

Plato, from whom, according to Emerson, 
onie “ all things that are still written 
ikI debated among men of thought,” was 
,orn about the year 427 b.c., either at 
L thms or in the island of jEgina, of an 
ristocratic family, with Solon as an 
ncestor on the maternal side. In the 
idlest possible sense, according to the 
ireek ideal, he was an educated man, 
►hysically and mentally. Quite early he 
lecame devoted to philosophy, and at the 
gc of twenty was a disciple of Socrates, 
/hose discussions he attended for eight or 
en years. He was present at the trial of 
ocrates, but not at his death. 

Afterwards he travelled extensively, but 
ot as widely as the accretions of tradition 
ould lead us to suppose. He visited 
arious parts of Greece, Egypt, Asia Minor, 
nd Italy, and thrice went for special 
urposes to Sicily. His object in the first 
ise was to visit the tyrant Dionysius I. 
f Syracuse, but Dionysius sold him as a 
avc. He was, however, “ bought in ” by a 
iend and redeemed. He went again to try 
) induce Dionysius II. to establish a 
rrcek colony in Sicily, on a model he would 
raw up, but he failed. A third visit was 
3 make peace between the tyrant and 
>ion, who had befriended Plato when he 
rst ventured to Syracuse. 

When about forty years of age, Plato 
-l tied in Athens, and began to teach in 
10 grove named after Academus, and 
itre remained for about forty years, the 
ading thinker of the world. He died in 
is eighty-first year, in 347 B.c., according 
) some accounts at a wedding feast. 

Plato inherited the nucleus of his teaching 
om liis master, Socrates, and particularly 
|s method of discourse ; but he broadened 
is thought constantly during his travels 
nd studies, and so far developed his 
hilosophy that many of his tenets held in 
ter life were inconsistent with his earlier 
aching. The discussions carried on by 
or d of mouth in the academy were given 
literary form in dialogues, which, in the 
Wlosopher's prime, were examples of rare 
“auty, even when they were most closely 
asoned. In later years the style became 
ore severe, with an approach to baldness. 


Apparently all the writings of Plato have 
been preserved, but some attributed to him 
are admittedly spurious. There is no 
question, however, respecting the authen- 
ticity of the most notable of his productions. 

Plato did not build up a complete system 
of philosophy ; rather, he established a 
method of thought with certain fixed 
leading ideas. Often he discussed subjects — 
particularly in the earlier part of his life — 
with a view to the exclusion of error, by 
Socratic questioning, but did not attempt 
to sum up the truth as it finally appeared 
to him. Indeed, singularly little of Plato's 
writing, apart from certain fixed con- 
ceptions which run through all his Dialogues, 
can be said to embody personal conclusions. 
Various views are expressed by him as if in 
controversy, and the main points are 
allowed to remain open, after unsound 
opinions have been excluded. In only one 
Dialogue does Plato himself appear as a 
talker — in the guise of an Athenian stranger. 

To Plato the phenomena of the world 
which are observed by the senses are only 
temporary images of real existences which 
are eternal. To him abstract ideas were the 
sole realities, and the consideration of them 
alone constituted philosophy. These abstract 
ideas, such as goodness, greatness, and 
beauty, had, in Plato's opinion, a separate 
existence. They were the substantial forms 
of which the things men call tangible are 
only appearances. Aristotle names the one 
set of appearance sensible objects , and the 
other intelligible essences. It is in these 
intelligible essences that existence is to be 
found, and they alone are worthy of the 
contemplation of true philosophers. The 
things we call real, because they take form 
in matter, are only blurred copies of the 
genuine realities which are ideas and eternal. 

So, too, is the soul immortal. That is 
why it has glimpses of the eternal realities, 
the full truth of which can only be seen by 
the gods ; and we secure those glimpses 
with greater or less clearness in the pro- 
portion that we are like the gods.’ We are 
born, Plato argued, with recollections of 
eternal truths that have been known to us 
in previous existences. God represents the 
supreme idea of all existence — is the Great 
Intelligence and the Source of Intelligences. 
The bond which unites the human and 
Divine is love — the longing of the soul for 
Beauty, and Beauty is the most vivid image 
of Truth. 

Is this very ethereal? Well, Plato was 
a hard reasoner on ethereal things. As 
George Henry Lewes says in one of the 
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most elequent passages in his “ Biographical 
History of Philosophy ” : “ He did not 
look on life or on the world with the tempo- 
rary interest of a passing inhabitant. He 
looked on them with an immortal soul 
longing to be released from its earthly 
sojourn, and striving to catch by anticipa- 
tion some faint glimpses of that region of 
eternal Truth where it would some day 
rest. The fleeting phenomena of this world 
he knew were nothing more. But he was 
too wise to overlook them. Fleeting and 
imperfect though they were, they were the 
indications of that eternal Truth for which 
he longed — footmarks on the perilous 
journey, and guides unto the goal. Long 
before him had wise and meditative men 
perceived that sense-knowledge could only 
be knowledge of phenomena ; that every- 
thing men call existence was but a 
perpetual flux — a something which, always 
becoming, never was ; that the reports 
which our senses made of these things 
partook of the same fleeting and uncertain 
character. He could not, therefore, put his 
trust in them ; he could not say that 
Time was anything but a wavering image of 
eternity. But these transitory phenomena 
were images of true existences. Interrogate 
them, classify them, discover what qualities 
they have in common, discover that which 
is invariable, necessary, amidst all that 
is variable — discover the One in the 
Many, and you have penetrated the secret 
of Existence.” 

Plato never really came down from this 
lofty region of philosophical speculation, 
which to him enshrined a faith. When, as 
in his “ Republic,” he attempted to put his 
thoughts into a practical form, there was a 
strange unreality in his purely intellectual 
proposals. We may accept his wisdom, 
fortitude, temperance, and justice as the 
supreme human virtues, but what can we 
think of the mind which formulated these 
lofty conceptions also suggesting that the 
rulers of the State should give that State 
its religion — a proposal which would sanc- 
tion all persecutions ? What can we think 
of his banishment of poets and musicians 
from liis ideal State ? Above all, what can 
we think of his abolition of all the responsi- 
bilities and joys and duties of parenthood 
and family life — children being unknown to 
father and mother, and belonging to the 
State alone ? Plato was too transcendental 
a philosopher to understand human nature, 
which, after all, more than anything else, 
makes the world of ideas to move. 

His influence in his own day was enor- 
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mous, and his influence as a connectin 
link between the thought of the East an 
the West was greater centuries after h 
death, and has even had a strongly modify 
ing influence on philosophic Christianity 
As Emerson said in the essay ahead 
quoted : “ Plato's books aire the fount air 
head of all literatures. He is the mountai 
from which the drift-boulders of debat 
have been detached. No wife, no childrer 
had he, but all the civilised nations ar 
his progeny, and tinged with his mind. H 
writings make it impossible to think 0 
certain levels except through him. He cam 
to join, by contact, the infinity of Asia wit 
the definiteness of Europe. He keeps t\v 
vases by his side, one of ether and one < 
pigment, and he invariably uses both. H 
paid homage to the illimitable, and adder 
‘ And yet things are knowable/ He sa' 
Nature, he saw Culture, but said, * There 
also the Divine. 1 ” 

PYTHAGORAS 

The Founder of the Cult of Wisdom 

Pythagoras was born near the beginnin 
of the sixth century before Christ, i 
Samos, and died at a great age, probabl 
about the year 500 b.c. Very little, hou 
ever, is known of his life, though mytl 
abound. It seems certain, at least, tha 
he visited Egypt, with which Samos wa 
in close intercourse, and learnt somethin 
from the priests there. But a man of sue 
magnificent mind needed little help froT 
priesthoods, and we need not quest io 
the essential originality of his teachings. 

Somewhere about the year 530 b.c 
Pythagoras founded a school at Croton: 
in Italy, and there he and his discipk 
practised the moral and religious principle 
of Pythagoreanism. The heart of thi 
doctrine is expressed in the word “ phik 
sopher,” a lover of wisdom, which Pythr 
goras invented in order to describe himsel 
He preferred not to call himself a “sophos, 
or wise man, like his contemporaries an 
predecessors, but a “ lover of wisdom. 
To this high passion Pythagoreanism : 
devoted. Ordinary worldly pleasures ar 
to be abandoned, and the whole being < 
the initiate is to be devoted to the rapturou 
pursuit of true wisdom. Such a doctrin 
was, of course, opposed to the popula 
religions of the day, and its followei 
ultimately had to flee from popular fury. 

The novice who sought to enter tli 
society of Pythagoreans was condemne 
for five years to silence ; he had to underg 
many humiliations, to test his powers t 
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self-denial ; and, finally, to begin the study 
of wisdom with mathematics. In this 
science Pythagoras excelled, and our know- 
ledge of the properties of numbers almost 
begins with him. Hence we need not be 
too incredulous if tradition attributes to 
the Pythagorean^ a knowledge of astronomy 
which was far in advance of their times. 

Much of the teaching of Pythagoras Avas 
mystical. He taught that the spheres, as 
they roll, make music, and popular rumour 
declared that he, the more than earthly 
philosopher, could actually hear the harmony 
of the spheres. But he made practical 
discoveries, too, and is regarded as the 
founder of the 
art and science 
of music. The 
(ireeks used a 
stretched string, 
which they called 
a monochord, 
and which pro- 
duced a note 
when it was 
plucked. Pytha- 
goras applied his 
theory of num- 
bers to this mono- 
chord, we are 
told, and discov- 
ered how the 
note is raised an octave if the length of 
the string be halved ; and how, also, if a 
stop be inserted one-third of the distance 
along the string, a note and its octave will 
he produced from the two parts of the 
monochord thus divided. 

Most celebrated of all is the doctrine of the 
transmigration of the soul, which was taught 
by Pythagoras, and which he may possibly 
have derived from Egypt. A notable 
reference to this celebrated theory is to be 
found in “ Twelfth Night,” in the colloquy 
between Malvolio and his persecutors. 
This 4 4 opinion of Pythagoras ” is held 
today by a large proportion of mankind. 

The Pythagorean society at last became 
very powerful. The philosopher lectured to 
women as well as men, his wife herself being 
a philosopher. The popular voice acclaimed 
the wisdom of so venerable and unprece- 
dented an order — for a time. His society 
became a po’itical power, not only in 
Crotona but in many other cities. Pytha- 
goras chose young aristocrats of both sexes 
for his disciples, and sought to establish a 
mighty school of wisdom, where the best of 
men and women might become better. But 

course bis followers were unworthy of 


him. They wanted ordinary secular power, 
though “ his was the ambition, not of a 
hero, but of a sage.” Finally, the people 
rose, many Pythagoreans perished, and it 
is doubtful whether his enemies destroyed 
Pythagoras, or he died, a fugitive, among 
his disciples. But his name, his life, and his 
teachings have helped to exalt and ennoble 
the history and the thought of mankind for 
nearly two thousand five hundred years. 

THOMAS REID 

Founder of the Scottish School of Philosophy 

Thomas Reid, the founder of the Scottish 
school of philosophy, was born at Strachan, 
Kincardineshire, on April 26, 1710, the son 
of a minister who served the parish for fifty 
years. His mother belonged to a family of 
conspicuous ability — the Gregorys. Edu- 
cated at Aberdeen, he took his degree at 
the age of sixteen, and was then made college 
librarian. At the age of twenty-seven he 
was appointed, by his college, minister of 
New Machar, against the strong wishes of 
the parishioners, who, according to tradition, 
were only restrained from molesting him by 
a relative who kept the pulpit stairs with a 
drawn sword while he preached his first 
sermon. Reid was not an attractive 
speaker, but his good sense and wise dip- 
lomacy soon won his flock over to his side. 

On reading Hume’s “ Treatise of Human 
Nature,” he felt that, if the principles on 
which Hume based his argument were 
admitted, his conclusions must be accepted, 
but he met the case put forward by challeng- 
ing the principles. His views probably were 
partly founded on the teachings he had 
received at the university from Dr. Turn- 
bull. In 1748 Reid published, through the 
transactions of the Royal Society, an essay 
on “ Quantity,” denying that mathematics 
could be applied to moral questions. Four 
years later he became professor of philosophy 
at King’s College, Aberdeen, and in 1764 
succeeded Adam Smith as professor of moral 
philosophy at Glasgow, a position which he 
held for seventeen years. In the year of his 
removal to Glasgow he published his 
“ Enquiry into the Human Mind on the 
Principles of Common Sense.” His views 
there expounded were further developed in 
his “Essay on the Intellectual Powers of 
Man,” published in 1785, and his “ Essays 
on the Active Powers of the Human Mind,” 
which appeared in 1788. The arguments, 
developed with the aim of delivering philo- 
sophy from the scepticism of Hume, were 
further expanded, with power and eloquence 
by Dugald Stewart, by Dr. M‘Cosh, and by 

5023 



PYTHAGORAS 



HARMSWORTH POPULAR SCIENCE 


Sir William Hamilton, who edited Reid’s 
works. The influence of Reid spread prim- 
arily through his books, rather than 
through his activities as a teacher, and the 
books are for students of philosophy alone. 
Reid believed that a logical foundation for 
scepticism was “ inlaid/' as he said, alike 
in the works of Descartes, Locke, and 
Berkeley, and that Hume had brought it 
to light. Reid's distinction between 
“ sensation ” and “ perception," and his 
argument that judgment is the unit of 
knowledge, are too abtruse to be discussed 
in a popular form, but they have enough 
substance to form the nucleus of a national 
philosophy. He died on October 7, 1796. 

ERNEST RENAN 

An Emancipator of Religious Thought 

Ernest Renan, perhaps the most compre- 
hensive surveyor of all the religious thought 
that had its origin in the Hebrew race, was 
born at Trdguier, in Brittany, on February 
27, 1823. His father was a Breton, his 
mother of Gascon descent. Renan pere died 
when his son was five years old, and the 
boy's upbringing was largely due to his 
sister Henriette, who was twelve yearsT>lder 
than himself. The story of man contains 
no more beautiful instance of brotherly and 
sisterly affection and co-operation. 

From the first the aim was to prepare the 
boy for the priesthood, and in this the local 
Fathers helped to the utmost. They taught 
him till he carried off all the school prizes, 
and at the age of fifteen the echoes of his 
cleverness reached M. Dupanloup, who was 
training men of influence for the priesthood 
through the College of St. Nicholas du 
Chardonnet. There, and at the Seminary 
of Issy and the College of St. Sulpice, he 
studied philosophy and philology and 
Hebrew till he was twenty-two, but by that 
time he had come to the conclusion that the 
Church was not for him. It was from his 
study of the Oriental languages, he declared, 
that his doubts grew beyond repression ; 
and finally Henriette, who had made great 
sacrifices to give him a career in the Church, 
advised him to do what he most 
strongly felt to be right. So he entered a 
lay college as a teacher, and at the age of 
twenty-four made his mark in literature by a 
"General History of the Semitic Languages." 

After some years’ service as a teacher, 
Renan secured a post at the National 
Library, and began writing for the “ Revue 
des Deux Mondes " and the “ D6bats " 
essays which attracted much attention by 
the charm of their style and their freshness 
5024 


of treatment. Later, these essays were 
published as “ Studies in Religious History ” 
and “ Moral and Critical Essays." Studies 
and translations of the Book of Job, the 
Song of Songs, and, later, Ecclesiastes 
followed, and, the Chair of Hebrew falling 
vacant at the College of Frltnce, Renan was 
admittedly the best suited for its occupancy; 
but Napoleon, fearing the offence that would 
be given to the Church by the appointment 
of one so unorthodox, despatched him on an 
archaeological mission to Phoenicia. There he 
was accompanied by his sister and wife, for 
he had married a niece of Ary Scheffer, the 
painter. His wife returned home, but 
Henriette stayed with him during his trying 
Eastern travels, and died in Syria in 1861. 

The book he wrote about her, “ My 
Sister Henriette," is one of the most 
beautiful of all literary family records. On 
his return to France, broken in health, 
Renan was appointed to the Chair of 
Hebrew, but was almost immediately 
moved out of it for describing Christ as 
" an incomparable man." He refused the 
post of sub-librarian of the National Library, 
and thenceforward lived by his pen alone. 

The first of his books after giving up 
official employment was the " Life of 
Jesus," of which 60,000 copies were sold 
in less than five months. Renan now set 
himself the task of writing the early story 
of Christianity, and also the history of 
Israel — the former being brought down in 
a series of volumes to the time of Marru? 
Aurelius. He was always busy, too, with 
miscellaneous writing, and one of the style* 
he used in dealing with philosophy was a 
revival of the Greek dialogue. 

When he was sixty, Renan published lib 
early biography, looking at the influence? 
that shaped his own life and character 
much as he would have done had he been 
summing up a historical personage. He 
held that the surroundings of his early life 
in Brittany, where anyone could watch “ 1 
fact grow into a faith," specially fitted hiir 
to understand the accretions by whicl 
religions have been built up. 

He passed away on October 12, 1892, 
declaring that he had done his work, and 
so died happy. There is no doubt that al 
the time of his death he was the most 
widely read serious prose-writer in Europe 
but it is very doubtful whether his writing 
has the qualities that will give it a lasting 
value. He popularised the study of tin 
language and t.he early story of the JewW 
people, but he did not show in his work 
as wide and sure a scholarship as has since 
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x?en brought to bear on his favourite 
objects. His popularity was due in a 
arge degree to a singularly bright style, 
bat invested all he wrote with an almost 
omantic air, but he often failed in taste, 
ind he had the fatal weakness of rais- 
ng doubts as to his own sincerity. His 
jpinions on many subjects were constantly 
n a state of flux, so that no reader could 
:ver be his disciple, . however interested he 
night be in his writings. Sometimes Renan 
ell into sheer cynicism respecting the inmost 
ntimacies of his own beliefs, as when he 
;aid that the most logical attitude towards 
eligion was to behave as if it were true. 
Ie brought a picturesque mind to the 
itudy of religions in an age of changing 
ncthods, and made a bold stand for 
reedom of thought, so that his writing is 
milt into the story of man's mental emanci- 
pation, and will remain interesting, not- 
vithstanding its lack of profundity and 
)f reverence, for he knew no Holy of Holies. 

JOHN RUSKIN 

The First True “ Master of Arts ” 

John Ruskin, one of the greatest personal 
md intellectual forces in the wonderful era 
>f Victorian thought, was born in London 
>n February 8, 1819, of Scottish parentage, 
lis father and mother were cousins of very 
nature age. The father was a successful 
herry-mer chant. The parents made the 
‘ducation of their son the principal feature 
)f their middle age, the mother training 
lira in godliness and the Bible, and the 
ather taking him on his many journeys 
hroughout Great Britain and abroad, and 
simulating his love of Nature, art, and 
iterature. Nearly all the main features of 
buskin's later life were the best-developed 
nterests of his boyhood. 

He was one of the numerous infant pro- 
ligies who have neither died young nor 
)cen flashes in the pan. He could not 
emember learning to read and write. As 
m infant he wrote poetry. At fourteen 
ie had the passion for the Alps which never 
eft him. At eighteen he had already 
>egun his defence of Turner as a painter, 
^nd from the first he was a stylist, his 
ather, while reading to him in early boy- 
lood, calling his attention to the cadences 
>f fine prose. 

Ruskin's regular education was desultory 
a a high degree. He never made exact 
cholarship an aim, but he went to Christ 
hurch, Oxford, as a gentleman commoner, 
njoyed the society, took his degree, and 
/on the Newdigate Prize for English verse. 


He is one of the great writers who, happily, 
has told, in his “ Prieterita," the story of 
his own youth. 

Ruskin’s miscellaneous education in- 
cluded a varied training in art. He studied 
painting with some of the best-known 
painters of his day, and practised drawing 
with the greatest assiduity, till he attained 
a most minute and delicate skill, but he 
never attempted to compose a picture. 
Drawing, for him, was aii art by which he 

P reserved , exactly, the sight of something 
e admired. At the age of twenty-four he 
published the first volume of his “ Modern 
Painters " — a work designed to show their 
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superiority over the Old Masters. Perhaps 
it would be better to speak of the volume 
as the first “ draft," for afterwards it was 
reissued, altered considerably, and this 
introduces us to one of Ruskin's many 
peculiarities. He was never satisfied with 
what^he had written, but kept altering it 
from "time to time, sometimes for the worse. 
The " Modern Painters," though not 
generally acceptable to the painters of that 
day, proved conclusively the coming of a 
great critic and a great master of English. 
It contained descriptions of objects of 
natural beauty unequalled. Though 
Ruskin's writing often grew too elaborate^ 
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and was weakened by a sweetness that 
seemed deliberately manufactured, at its 
best it suggested the myriad delicacies 
of his marvellous appreciation of every 
form of beauty. To many of the lovely 
liar monies of Nature that charm beyond 
speech he could put a speech that was 
artistry. 

From painting he turned to architecture, 
and at the age of thirty published ” The 
Seven Lamps of Architecture,” and, two 
years later, “ The Stones of Venice.” His 
first printed writings had been on the 
" Poetry of Architecture,” in Loudon's 
” Magazine of Architecture.” Ruskin un- 
questionably modified greatly the modern 
conception of both painting and architecture, 
and brought into it a reality as well as 
beauty that had been missing. He was the 
first sincere and competent art critic. He 
united his criticism, too, with extremely 
useful teaching, as in his ” Elements of 
Drawing,” published in 1857, and . his 
“ Elements of Perspective,” 1859. 

But by i860 he had finished his work in 
relation to formal art, though he was 
elected Slade Professor of Art at Oxford 
in 1869, and held the office ten years. His 
view of art was inextricably mixed up "with 
morals, religion, industry, political economy, 
and all else that interests man, and he turned 
aside to discuss these things, as a lecturer 
and as a writer, till he lost himself in a 
whirl of ideas that often had no clear 
connection with his life's work, except that 
they always were artistically presented. 

As soon as he branched away from his 
essential work as an art critic, Ruskin 
adopted, and ever afterwards clung to, the 
fad of using for his books titles that do 
not indicate in the slightest degree the 
contents of the books. “ A Note on the 
Constriction of Shecpfolds ” was the first 
venture in this direction, the subject being 
Christian v.nity. Who could know that 
" A Crown of Wild Olive ” is a miscel- 
laneous set of lectures, like ” Time and 
Tide ” ; that " Sesame and Lilies ” is a dis- 
cussion of good literature ; that the ” Queen 
of the Air ” studies Greek atmospheric 
myths ; that ” Ethics of the Dust ” deal 
with crystallisation ; ” Ariadne Floren- 

tina ” with wood and metal engraving ; 
“ Deucalion ” with geology ; that 
" Muneris Pulveris ” and “ Unto This Last ” 
are statements of the writer's views on 
political economy and social reconstruction, 
which w r ere turned out of the ” Cornhill ” 
and ” Fraser's Magazine ” because the 
readers of those publications could not 
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endure their supposed scientific unortho- 
doxy ; that “ Proserpina ” is a study of 
flowers, and that “ Fors Clavigera”- ;i 
title no one ever ^really understood — com- 
prised letters to working men on every con- 
ceivable subject ? 

Ruskin’s manner of publishing his books 
was as unusual as his naming of them. He 
issued them from a workshop privately 
organised, and he charged prices which lie 
thought represented their intrinsic value. 
He did not wish anyone to read his books 
who was not prepared to make some 
sacrifice to get them. In spite of this 
rejection of the ordinary methods of busi- 
ness, the works continued to sell, till they 
brought him a handsome income, which 
was very convenient, because in later life he 
had given away nearly the whole of the 
handsome fortune left him by his father, 
and he believed in living on capital, ordinary 
investments being regarded by him as 
examples of the usury his soul abhorred. 

Ruskin, whose mind frequently failed 
during his later years, lived in great peace, 
but for recurring mental turmoil, at 
Brentwood, on Lake Coniston, and there lie 
died on January 20, 1900, having refused 
all the honours which men of every nation 
were ready to offer him. 

Few great writers have been so fortunate 
in their biographer. Long before his death, 
when he was asked for some explanation of 
one of his works, he referred his corres- 
pondent to “ a young man at Oxford ” who 
knew far more about his books than he did 
himself. That young man, now Sir E. T. 
Cook, has published the final edition of the 
whole of Ruskin's writings, and has written 
his Life, with incomparable industry, taste, 
and ability, so that once and for all this 
great master is placed in tne story of our 
literature, and in the future no one need 
mistake either his life or writings. 

In his own day Ruskin's life and writings 
were an incalculable stimulus. They cut 
right across many accepted ideas, ami 
compelled those who wished to be thought 
thinkers to think. Though his attempts 
to organise social and industrial projects 
failed, and his St. George's Guild died away 
to a mere name, the only tangible residue of 
labours in this field being the beautiful 
little collection of choice objects of art and 
natural beauty gathered in the Ruskin 
Museum in Meersbrook Park, Sheffield, 
Ruskin's ideas are deeply permeating think- 
ing circles. Already they have caused some 
of the most dearly cherished tenets of the 
old economists to topple down. H's 
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preaching of a sincere life, satisfied with the 
great, simple things of Nature, instead of 
insincere and ostentatious show of things 
that happen to be a fashion, is bound to 
come, sooner or later, as a balm to an 
age satiated with vulgar parade. 

In the realm of art he remains the one 
great writer, lie made clear the moral 
clement that is behind all true art, and he 
brought art right into the consciousness of 
his own nation, where it had never been 
before. Art, which meant so much to 
ancient Greece and mediaeval Italy, may 
never conquer the cold North, but Ruskin 
unveiled it to all who have eyes to see, and 
added to it a generous wealth of apprecia- 
tion of the beauty of the natural world, of 
earth and air and water, and all their lovely 
products, stable as in the precious stones, 
evanescent as in the cloud-drift, with union 
of use and grace, as in the grass, whose every 
spike is a sword-blade, and nobility, as in 
the solemn rest of stupendous mountains. 
Whether he is more and more appreciated as 
time runs on depends on whether the vision 
of the human race contracts or expands. 
His view of the world should long give 
delicacy to human culture. 

FRIEDRICH WILHELM SCHELLING 
A Transcendental Thinker 

Friedrich Wilhelm Joseph Schelling was 
born in Wiirtemberg on January 27, 1775. 
He met Hegel at the University of Tubingen, 
where he studied. Later, he studied medicine 
at Lcipsic, and became the pupil, and in 
1798 the successor, of Fichte at Jena. He 
was afterwards professor at the New Uni- 
versity of Wurzburg, whence he removed to 
Munich with a lectureship at Erlanger. 
Finally, he held the Chair of Philosophy at 
Berlin from 1841 until his death. 

This great thinker belongs to the same 
school as Hegel and Fichte, and owes 
much to them. But in his early work the 
“ Philosophy of Nature,” published when its 
author was only twenty-two, and in his 
“ World-Soul,” we see him as a great 
modern pantheist, who sees God in every- 
thing. He has often been called the German 
Plato, but as vast an interval of discovery 
as of time separates the two thinkers. The 
thinker whose worh forms the true and 
logical foundation of Schclling's philosophy 
is Spinoza ; and Schelling called Faith in 
to supplement the more purely intellectual 
teaching of his pantheistic predecessor. 

For Schelling, the whole of Nature is the 
result, the incarnation, of the realisation of 
Spirit ; so that, in the highest manifesta- 


tions of Nature, in Man, the World-Soul 
becomes conscious of itself. ” Nature is 
Spirit visible,” he said. ” Spirit is invisible 
Nature.” These, and many other sayings of 
this great thinker, are familiar to English 
readers, who have met them as the sayings 
of the poet Coleridge, who was a close and 
receptive student of the great German. 

The ” Transcendental Idealism,” pub- 
lished in 1800, is Schelling’s greatest work, 
and contains the essence of his philosophy. 
His ” Nature Philosophy ” is little more 
than a curiosity today, for it consists of the 
kind of explanation of things which will not 
rely in any degree on observation or experi- 
ment, but constructs the world and its 
workings out of the philosopher's imaginings. 
It is an example of what Bacon, in his 
“ Novum Organum,” taught us to avoid. 
Much ridicule has been poured upon this 
“ Nature Philosophy,” and thence upon 
Schelling, by experimental students of 
Nature since his day, but the author was 
only a boy when it was written, and we 
should do better to appreciate the later 
work, in which a noble theory of things was 
propounded. 

Schelling wrote works of less importance 
in his later years, but his lectures at 
Berlin had a great influence upon Germany. 
He died on August 20, 1854. 

ARTHUR SCHOPENHAUER 
The Philosophy of Will 

Arthur Schopenhauer was born at Danzig 
on February 22, 1788, his father being a 
banker, and his mother a very copious and 
clever writer of fiction. Schopenhauer's 
father was a man of strong and difficult 
character. There was insanity in the family, 
and we require to recognise in Schopen- 
hauer himself a very definite and potent 
mental taint, which affected his life in a large 
degree, and his thought in some degree. 
When Schopenhauer was only seventeen 
his father committed suicide. The widow 
thereupon went to Weimar, where her son 
began the study of the classics. 

The youth was strange, moody, critical, 
cynical. He was very unsocial ; kept loaded 
pistols at his bedside, in his groundless fear 
of attack, and showed, indeed, a very de- 
finite combination of the symptons which 
we call melancholia. In his inheritance, 
his personal constitution, we find the root 
of his pessimism, therefore ; and we are 
entitled, as in so many other cases, to look 
upon part of his philosophy as a morbid 
product on this account. There are many 
people with tainted minds, however, and 
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many cynics and pessimists, but there are 
few who can think profoundly, and express 
themselves with force and original elo- 
quence. Of these very few — for the names 
of the great pessimists may be counted upon 
the fingers of one hand — Arthur Schopen- 
hauer must be ranked the first. 

When he was twenty-five he wrote the 
treatise for which he was granted his degree 
at Jena. Already, in this remarkable work, 
we may «ee the beginnings of his view that 
belief and idea spring largely from the will 
of the individual. 

In 1819 there appeared the famous 
treatise on “ The World as Will and Idea/' 
which is Schopenhauer's secure title to 
permanent fame. He learnt, from observa- 
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tion of himself and others, that the will and 
the emotions of a man largely determine 
what he shall think and believe. Long before 
the naive notion of the materialists, in the 
latter part of the nineteenth century, that 
we can discover and believe by the " white 
light ” of pure reason, without prejudice, 
desire, or passion, Schopenhauer saw and 
showed that, in fact, our wills determine our 
ideas and beliefs in all directions, to a sur- 
prising extent. The very latest advances in 
the study of the mind in health and disease, 
and especially in the study of behaviour, 
entirely confirm the views of Schopenhauer. 
Indeed, much of Schopenhauer is implied, 
and found to work, in those explanations of 
the delusions and deeds of the insane — and 
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the sane — which Freud,’ of Vienna, j n 
especial, has given to his contemporaries. 

The deeper, philosophical aspects 0 f 
Schopenhauerism %are no less significant 
than some of its practical applications. 
They appealed greatly to Richard Wagner, 
whose appreciation must have been valued 
by the philosopher. For Schopenhauer 
believed very strongly in himself, and 
utterly resented the fashion in which he 
was ignored, while Fichte, Hegel, and 
Schelling dominated the thinking world in 
Germany. Wagner, however, greatly ad- 
mired the theory of music which he had 
found in Schopenhauer, and was much 
impressed by the doctrine of the will. 
In “ Parsifal,” in “ Tristan and Isolde,” 
and notably in the character of Wotan, who 
embodies the human' Will, in the “ Ring 
of the Nibelungs,” Wagner has used and 
illustrated and commented upon the view of 
Schopenhauer that the will is the real 
creative agent of living things. Students of 
the history of thought can also scarcely 
fail to perceive the relation between Schopen- 
hauer’s doctrine of the immanent will as the 
creator of living forms, and the closely 
similar and really identical doctrine of 
Bergson and 'the “ 61 an vital ” which creates 
and animates the living world. 

Schopenhauer wrote nobly and pro- 
foundly upon the arts, and the artists of 
genius, in the third book of his great work. 
He saw that real tragedy consists in the 
conflict within the will of the hero, who 
learns resignation at last through suffering. 
This was a Greek idea, too. In music, 
Schopenhauer saw a very profound ex- 
pression of the human will, and in the laws 
of music he saw an analogy with the laws 
of the physical world. No wonder such 
ideas appealed to Wagner, in whom they 
were also native. In the great sequence of 
Wagner’s music-dramas, above all in the 
great trilogy of the “ Ring,” we find music 
and poetry blended to express the great 
and only tragedy of soul-conflict. Wotan. 
the real hero of the “ Ring,” is a magnified 
human being, or demigod, whose troubles 
come upon him through conflict within 
his own creative will, which desires low 
things and high, calls both into being, and 
then sees the low — the accursed gold of the 
“ ring ” — destroy the high, the hero Sieg- 
fried, sprung from himself. Anyone may 
enjoy these works as music, but for their 
full appreciation we require to realise the 
profound and everlastingly applicable and 
pertinent philosophy of man and the world 
which lies within them, and which their 
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author owes very largely to Schopenhauer. 
Yet Wagner always finds hope unextin- 
guished. The “ Ring ” ends in fire, flood, 
and the end of the old order, but “the 
way of the Lord ” is made straight thereby, 
and He is coming. Schopenhauer is one with 
his artistic interpreter and ally here. We 
call him a pessimist, as indeed he was, up 
to a point. That followed, as we have 
seen, from his personal constitution — even 
as the principles of his own philosophy. 
But Schopenhauer is not wholly and ulti- 
mately a pessimist; a great gulf is fixed 
between him and the hopelessness of true 
pessimism. Our very lives are a product 
and phenomenon, he declared, of the Will 
which creates the world ; and the end of the 
phenomenal life of the body does not mean 
the end of the Will which created it. In 
Wagner’s most human tragedy Tristan and 
Isolde die, but they die to realise their united 
wills eternally thereafter. That is not a 
pessimistic conclusion, but it is consistent 
with Schopenhauer’s teaching. 

For this great man, who is indeed no more 
a pessimist than Buddha, whom he 
so greatly admired and from whom he 
learnt so much, taught that the soul can .be 
redeemed from the hampering influence of 
the body and its other creations, and that, 
notably by means of Art, and by renuncia- 
tion of everything that the golden ring 
symbolises in Wagner’s trilogy, a man may 
purify and exalt his inmost self, the very 
will of his will, until he passes beyond the 
visible world, and becomes one with the 
Godhead. This is the teaching of Buddha, 
and of Wagner in “ Tristan and Isolde,” 
and, above all, in his final work, “ Parsifal,” 
where the hero “ wins through ” to purifi- 
cation, and the realisation of his deepest 
self, after long temptation and failure. 

Hence Schopenhauer stands, when sheer 
pessimism falls and fails. His great mind 
rose above the sad* limitations which 
bis defects of inheritance and personality 
involved, and we find the “ pessimist,” and 
the critic of “ pure reason,” becoming a 
guide to the life of the spirit, and a prophet 
of great things yet to be. 

In later works Schopenhauer showed the 
splendid eloquence and wisdom which 
make him one of the great masters of Ger- 
man literature. The debt of the thinking 
literary and artistic world to him today is 
enormous, and much underrated by most. 
In 1831 Schopenhauer went to live in Frank- 
fort, and there he died, on September 21, 
i860, after many years of solitary, taciturn, 
and in softie respects pitiable existence. 


ADAM SMITH 

Who Made Political Economy a Science 

Adam Smith, whose genius first raised 
political economy to the dignity of a 
science, was born at Kirkcaldy, in Fifeshire, 
on June 5, 1723, not many weeks after his 
father’s death. A delicate, absent-minded 
boy, with a trick of talking to himself, 
he attended the grammar school of his 
native burgh until his fourteenth year. 
He had a passion for books, an extra- 
ordinary memory, and a warmth of dis- 
position that made him popular amongst 
his schoolfellows. The next three years 
were passed at the University of Glasgow 
under such famous professors as Simson, 
the mathematician, and Hutcheson, the 
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most eloquent philosopher of his generation. 
Glasgow was just beginning to help itself 
to a share of the world’s wealth ; and the 
merchandise pouring into its harbours and 
warehouses from every sea brought lessons 
that were carefully stored in the lad’s 
mind. He would read a fresh meaning 
into Hutcheson’s favourite formula, “ The 
greatest happiness of the greatest number.” 

His chief studies were mathematics and 
natural philosophy. His relatives had 
mapped out for him a clerical career, and 
his mother may have dreamed of seeing her 
son enjoy the emoluments and honours of 
an Episcopalian bishopric. At seventeen, 
therefore, after winning a Snell exhibition, 
he entered Balliol College, Oxford, with a 
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* view of taking Orders in the English Church. 
He remained there six years, at a time 
when the reputation of the university was 
almost at its worst. His college con- 
temporaries were a rowdy and " singularly 
undistinguished body " of men, but Balliol 
possessed a fine library ; and Smith, lonely 
and bookish, drank deep from the pure 
springs of English poetry, and gained that 
liberal knowledge both of classical and 
modern literature which was afterwards so 
serviceable in giving charm to his writings. 

In 1746 he took his B.A. degree, and 
returned to his mother's home at Kirkcaldy. 
He had relinquished the idea of ecclesias- 
tical preferment, and engaged in further 
study, " but without any fixed plan for 
his future life." Two years later the young 
Oxford graduate obtained an introduction 
to Lord Karnes, and was encouraged by 
that Scotch lawyer to give a series of what 
would now be called extension lectures. 
Edinburgh gave him welcome, and it was 
there that he started his life-long friend- 
ship with David Hume. From the capital 
he proceeded to Glasgow, where the Senate 
of the University had appointed him to 
the Chair of Logic. In 1751 he was trans- 
ferred to the Chair of Moral Philosophy, a 
position he held for twelve years, and which 
he declared yielded him the happiest and 
most honourable hours of his life. 

In the seventh year of his professorship 
he published “ The Theory of Moral 
Sentiments," a work containing some very 
ingenious ethical speculations. He argues 
that moral virtues are the product of 
sympathy ; that we enter into the situations 
of other men by mentally sharing their 
passions ; and that, by applying to our own 
actions the same tests of approbation or 
disapproval to which we subject others, we 
insensibly develop within us the discriminat- 
ing force that we call conscience. Edmund 
Burke warmly praised the book, and said 
of the diction that " it is rather painting 
than writing." 

In 1764 he resigned his Glasgow pro- 
fessorship, having undertaken to act as 
travelling tutor to the young Duke of 
Buccleuch. They were in France for nearly 
three years, and spent a few weeks at 
Geneva, where Smith had several conversa- 
tions with Voltaire in his chateau at Femey. 
He seems to have been greatly bored by 
his dull stay at Toulouse, for he wrote 
dolefully to his friend Hume, “ I have 
begun to write a book in order to pass away 
the time." This book was no other than 
the " Wealth of Nations." In Paris, Smith 
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and his pupil spent ten months. His 
“ Theory of Moral Sentiments " had 
heralded his coming. He seems to have 
been a regular guest in almost all the 
brilliant salons of the city ; and he enjoyed 
the intercourse of such eminent men as 
Turgot, Quesnay, and Necljer. 

On his return to Scotland, Smith went 
to live with his mother in the old house 
at Kirkcaldy. A happy and contended 
bachelor, he spent ten years studying, and 
composing his “ Inquiry into the Nature 
and Causes of the Wealth of Nations.” 
He had given a course of lectures on justice 
and police (i.e., policy) as far back as 1762, 
and this course is practically the draft of 
his greater work. His manuscript had been 
destroyed by his own wish, but, curiously 
enough, a complete manuscript of the 
lectures, bound m calf and copied neatly 
from a student's notebook, came accidentally 
to light in 1876. This fortunate discovery 
proves beyond cavil that Smith owed little, 
if anything, to the writings of Quesnay 
and the French school of economists. 

The superlative merit of Adam Smith is 
that he focussed the best of existing 
economic thought, and, adding the warm, 
penetrating glow of his own ideas, illumined 
the whole region of a hitherto dreary 
science. His book is not a dryasdust 
discourse, it is not sprinkled with techni- 
calities, but it is enlivened with odd, 
out-of-the-way facts and illustrations. It 
is not merely readable— it is fascinatingly 
so. His once startling maxims are now 
simple truisms. “ Labour is the real 
measure of the exchangeable value of all 
commodities." “ It is the maxim of every 
prudent master of a family never to attempt 
to make at home what it will cost him more 
to make than to buy." 11 The very in- 
tention of commerce is to exchange your 
own commodities for those which you 
think will be more convenient to you.” 
“ In every country it always is, and must 
be, the interest of the great body of people 
to buy whatever they want of those who 
sell the cheapest." “ Consumption is the 
sole end and purpose of all production.” 
And here from Book V., Chapter II., arc 
three of his famous canons of taxation : 
(1) “ The subjects of every State should con- 
tribute in proportion to their respective 
abilities ; (2) a tax should be certain and 
not arbitrary ; (3) a tax should be levied 
at the time and in the way most con- 
venient to the taxpayer." 

To understand the revolutionary effect 
of Smith’s teachings on the world's coin- 
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merce, it is essential to recall the cramping 
restrictions of the old mercantile system 
which held British shipping in galling 
bondage for many hundreds of years. It 
was said by Mackintosh that the “ Wealth 
of Nations ” was “ perhaps the only book 
which produced an immediate, general, and 
irrevocable change in some of the most 
important parts of the legislation of all 
civilised States.” Pitt mastered its 
principles when an undergraduate at Cam- 
bridge ; as a Minister, he adopted them for 
the groundwork of his policy. Fox 
eulogised them in the Commons. Cobden 
and Bright preached them. Peel and 
Gladstone acted upon them, broke down 
(he barriers of trade, and gave to industry 
natural free play and opportunity. Ger- 
many was speedily converted by them. The 
world of commerce was liberated from 
thraldom. It is true that time and the 
introduction of entirely new conditions of life 
have rendered much of Adam Smith's doc- 
trine obsolete, but his work has left indelible 
marks on thought, and the laws of nations. 

Smith was made a Commissioner of 
Customs in 1778. His worthy mother died 
in her ninetieth year, in 1784. Three years 
later he was chosen Lord Rector of Glasgow 
University, and he died on July 17, 1790. 

SOCRATES 

Truth-Seeker by Inquiry 

Socrates, the Athenian philosopher who 
originated the interrogatory method of 
argument, was born some time between the 
years 471 b.c. and 469 b.c. He was the son 
of Sophroniscus, a sculptor, and Phaenarete, 
a midwife. He received the ordinary educa- 
tion of an Athenian youth, and for a while 
took up the practice of his father's art. But 
a wealthy benefactor named Crito was so 
charmed, it is said, by his manners that he 
withdrew him from the shop, and gave him 
opportunities for further study. “ When I 
was young,” said Socrates, " I had an 
astonishing longing for that kind of know- 
ledge called physics.” He, however, de- 
rived no intellectual satisfaction from 
physical speculations, and, finding that they 
led to scepticism, he turned his thoughts to 
the still deeper task of “ knowing himself,” 
and of convicting others of a “ false conceit 
of wisdom.” 

His career as a teacher did not begin until 
about middle age. In the meantime he had 
married Xantippe, whose shrewish temper 
not’ only served to perpetuate her memory, 
but to train her husband in habits of self- 
control and patient tolerance of opinions 


contrary to his own. He was certainly cool 
and unruffled whatever the circumstance. 
He could cover the retreat of a troop on the 
field with a courage as undisturbed as when 
he was shattering the argument of an op- 
ponent in the market -plac'e. His soldierly 
prowess was matched by his unflinching 
moral courage. 

The admirals were improperly sentenced 
to death for neglecting the sacred duty of 
burying the dead after the battle of 
Arginusae. They fully vindicated their 
honour, and Socrates, who happened on 
that day to be the presiding senator, 
declined to administer injustice, the threats 
of an infuriated mob leaving him entirely un- 
moved. That was in 406 b.c. Two years later 
he refused to obey the malignant order of 
the Thirty Tyrants when they asked him to 
assist in the arrest of one of their victims. 

But the censor of public wrongs and 
private folly rarely escapes the penalty that 
awaits the reformer. And, strange to say, 
it was the democracy, restored to power, 
that put Socrates on trial, accused him of 
impiety and immorality, and condemned 
him to die. Socrates was a new omen in 
Greek society culture, and the spirit of 
philosophical inquiry was opposed to the 
ancient standard traditions. He had placed 
himself in conflict with existing prejudices, 
and therefore, as Heine has profoundly 
remarked, when “ a great soul gives utter- 
ance to its thoughts, there also is Golgotha.” 

The charges brought against him were, 
firstly, of denying the gods recognised by 
the State, and introducing new divinities ; 
and secondly, of corrupting the young. 
The defence did not mollify the jury : if 
he had disparaged State institutions, he was 
prepared, without hesitation, to obey the 
laws ; if he rejected mythological inter- 
pretations, he had accepted the established 
faith and diligently performed the ritual 
sacrifices ; and surely it was not a fault so 
to teach the sons as to make them wiser than 
their fathers. His heterodoxy, and the 
popular distrust of intellectual innovation, 
were his undoing. His demeanour during 
the trial, grave and placid, with the nathral 
dignity that comes from innocence, increased 
the anger of his adversaries, and the verdict 
went against him. He might have escaped 
from prison, but his reverence for the laws 
of his country overcame every other senti- 
ment. He drank the hemlock “ with ex- 
ceeding facility and alacrity,” says Plato ; 
and his faithful and affectionate biographer, 
Xenophon, wrote a beautiful panegyric 
of him in the “ Memorabilia.” 
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Once seen, Socrates was not likely to be 
forgotten. His grotesquely odd face and 
figure were caricatured by actors on the 
stage, and his features wrought by potters 
into their jugs of earthenware. “ His 
powers of endurance were unfailing ; he had 
so schooled himself to moderation that his 
scanty means satisfied all his wants.” Shoe- 
less and shirtless, he was, notwithstanding, 
the hardiest patriot in Athens. He was a 
mellow humourist, and a welcome guest at 
the feasts of young men who delighted in his 
conversation. His vocation was talking, 
and when he talked nobody thought of his 
ugliness. He invented the art of cross- 
examination, and in this twentieth century 
would probably have been the acknow- 
ledged leader of the Hellenic Bar. The 
underlying purpose of his talk was the ex- 
posure of ignorance and the discovery of 
truth ; and fortunate was the sceptic who 
could disentangle himself from the mashes 
of the web that Socrates wove round him. 

Emerson truly says of him : “ A pitiless 
disputant who knows nothing, but the 
bounds of whose conquering intelligence no 
man had ever reached ; whose temper was 
imperturbable ; whose dreadful logic was 
always leisurely and sportive ; so careless 
and ignorant as to disarm the wariest and 
draw them in the pleasantest manner into 
horrible doubts and confusion. But he 
always knew the way out ; knew it, yet 
would not tell it.” 

From Aristotle it may be gathered that 
“ there are two things of which Socrates may 
be justly regarded as the author, the Induc- 
tive Reasoning and Abstract Definitions.” 
Socrates has sometimes been compared with 
Bacon; but while the latter searched for 
truth through the interrogation of natural 
phenomena, the former attempted to dis- 
cover it through the operations of the mind. 
Socrates was indeed a psychologist. In 
another passage Aristotle says: “Socrates 
concerned himself with ethical virtues, and 
he first sought the abstract definition of 
them.” He believed that every man 
must discover truth by the intellectual 
wrestlings of his own mind ; that the mind 
must be stirred and awakened ; that 
knowledge could not be crammed — it must 
be elicited. But he was an educator. As 
his mother’s skill was helpful in bringing 
children to birth, so he might help others 
in giving birth tq an idea. Hence he hit 
upon the “ question and answer ” method 
of education. In moral science his two 
fundamental principles were that Virtue 
is Knowledge and Vice is Ignorance ; that, 
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therefore, if man has gained practical wis- 
dom, right action will necessarily ensue; 
and, where a man is ignorant, evil action 
will, involuntarily, be the consequence. This 
doctrine is, of course, untenable, leaving out 
of account the influence of human passions 
and basing conduct on knowledge alone. 
Socrates left no writings, and almost all that 
is known of him is due to the works of his 
disciples, Plato and Xenophon. A martyr 
to philosophy, this “ most virtuous ami 
happiest of mankind ” died in 399 b.c. 

HERBERT SPENCER 
Philosopher of Untoerdfl Evolution 

Herbert Spencer was born at Derby on 
April 27, 1820. In the copious and valuable 
autobiography, posthumously publisher 1 , 
we find a very long and detailed account of 
his relatives and ancestors ; and perhaps 
the feature of the stock which is most con- 
spicuous upon such inquiry is its noncon- 
formity. The members of this family 
persistently thought for themselves, and 
acted as they believed, without reference to 
tradition, custom, or consequence. From 
first to last, throughout his long and 
sternly conceived life, Herbert Spencer was 
true, m thought and deed, to this principle. 

Spencer owed much to his. father (a 
schoolmaster of no ordinary kind), to a 
paternal uncle, and to his mother. The 
autobiographical passage upon his lack of 
adequate appreciation of her is touching 
and memorable, not least because it reveals 
the extraordinary depth of emotion and I 
passion which ever existed under the con- 
trolled and apparently bloodless exterior of 
this man’s mind. But, indeed, there are 
many other such passages in the autobio- 
graphy, notably the reflection upon the 
Pyramids, the observations upon his love 
of children, and the last pages, in which 
the destiny of man the individual and Man 
the Race is discussed. Many who knew 
Spencer personally have regretted the 
extent to which the human and lovable 
side of him has been suppressed in his 
account of his own life. This autobiography, 
published in two large volumes in 1904. 
is now to be obtained in cheaper form ; and 
while much of the nineteenth century seems 
to have shrunk strangely at this little 
distance, such a piece of self-revelation, and 
of profound reflection upon the problems of 
philosophy and science, increases in value ;is 
the years proceed. 

Spencer was not very happy in his school- 
days, but there he began those observations 
and thoughts which later showed Jhem- 



GROUP 3— FOUNDERS OF SCIENTIFIC THOUGHT 


selves in his little book on Education, 
published in 1861. This is the volume with 
which , the student 1 of Spencer should 
begin. It entitles him to his acknowledged 
and often, attested place as the greatest 
educational reformer of the nineteenth 
century. The ^essence of his teaching in 
this book, which is now read by students 
and teachers in every civilised language, 
is that education must deal with the whole 
nature of the child — “ to prepare us for com- 
plete living is the function which education 
lias to discharge ” — and that, therefore, it 
must begin with an understanding of the 
nature of the child. Here, of course, is 
implied that respect for childhood which 
helped the author to write a “ Principles of 
Psychology ” that made a new epoch in 
that subject, and which we see illustrated in 
his autobiographical remarks upon the be- 
haviour of adults in the presence of children, 
and the insolence and folly of forcing one-'- 
self upon them against their will, as if they 
were not persons as much as we. It is, 
above all, this discovery of the sacred 
personality of the child that makes Spencer's 
“ Education ” an immortal masterpiece. 

After several years of railway engineer- 
ing, Spencer began to write extensively — in 
bis early and middle twenties. The “ Proper 
Sphere of Government,” to quote the title 
of his early letters to the “ Nonconformist,” 
was a subject that always interested him, 
and from the first to the last we find him an 
Individualist, looking jealously upon almost 
every activity of the State, and admitting 
exceptions to his principle only in the case 
of needy childhood. 

Then, after many years, Spencer had 
occasion to review and revise all his existing 
and scattered essays. Therein he found a 
principle ; and the rest of his life was de- 
voted to its exposition. All else was sacri- 
ficed ; he spent all h& little patrimony 
upon the expenses of publication. He 
remained a bachelor, destroyed his health, 
lived laborious days 1 and sleepless nights ; 
hut thirty-six years saw the completion of 
the “ System of Synthetic Philosophy,” in 
which the principle which he taughfus to 
call “ Evolution ” was applied to all things. 

Spencer had met George Eliot and G. H. 
Lewes. Her he admired immensely, and he 
it was who advised her to try the writing of 
novels. The influence of his thought (to 
those few acquainted at first-hand with a 
thinker whose thought is now part of daily 
currency) is to be found throughout her 
writings. Lewes interested him in psy- 
chology and the history of philosophy. In 


1857, the year of Comte’s death, he intro- 
duced the word ‘‘evolution” in its modern 
meaning, and sketched out a scheme of its 
application to all the sciences. Two years 
later came the “ Origin of Species,” applying 
the idea of evolution to living things, and 
offering the theory of ” natural selection ” to 
account for it. Spencer read this work with 
delight, recognised the unsuitableness of the 
phrase “ natural selection,” and suggested 
the “ survival of the fittest.” Darwin gladly 
accepted, and thereafter used, the 'more 
accurate and less question-begging term, 
which is, together with “ evolution,” the 
most famous and familiar of Spencer's 
many intellectual coinages, though “ the 
social organism ” is scarcely less so. 



HERBERT SPENCER 


As early as 1852, Spencer had accepted 
what we now call, thanks to him, organic 
evolution, and what he then called the 
“ Development Hypothesis.” In 1855 he 
published his first volume on Psychology, 
in which the minds of children, savages, and 
animals were, for the first time, properly 
appraised for philosophy, which had hither- 
to never condescended, to look at anything 
less than the mind of the philosopher himself. 
The years 1860-96 yielded the volumes 
of the “ Synthetic Philosophy,” from 
“ First Principles.” through “ Principles of 
Biology,” “ Principles of Psychology,” and 
“ Principles of Sociology,” to “ Principles of 
Ethics,” for the sake of which the whole was 
undertaken. The Sociology was, in fact^ 
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published last, for the author hastened with 
the Ethics, fearful lest he should die before 
writing that for which he had long laboured. 

The works of Spencer are now being re- 
published in cheap editions, and the “ De- 
scriptive Sociology,” a great chart, as it were, 
of the social life of mankind, is being com- 
pleted by the aid of the money he left. It 
had to be discontinued during his lifetime, 
after he had “ lost ” upon it many thousands 
of hard-earned pounds. “ First Principles ” 
and the “ Data of Ethics ” are already 
published in the cheap edition ; and they 
furnish the foundations and the culmination 
of the great edifice, which is surely the most 
magnificent and complete intellectual 
achievement and creation in the history of 
human endeavour. In its earlier years this 
work owed much financial help to the 
generosity of John Stuart Mill, and to 
several admirers in the United States. 

It is the very general opinion of students 
of Spencer that the weakest part of his 
teaching, and that which least depends upon 
his own principle, is the extreme individual- 
ism which caused him to oppose almost 
every socio-political development. Yet we 
may live to see a fresh need for the assertion 
of the truth that the behaviour of the 
individual continues to matter, under any 
system of laws. For the rest, it may be 
asserted that time steadily increases 
Spencer’s fame. When all the astronomers 
had rejected Laplace, and thought all 
nebulae would be resolved by bigger tele- 
scopes into star-clusters, Spencer opposed 
them, and asserted evolution in the skies. 
When nearly all chemists asserted atoms to 
be unchangeable, Spencer declared that 
evolution would be found there also. The 
twentieth century has proved him to be 
right. Today we “think in evolution,” 
and none use Spencer’s ideas more con- 
stantly than those who have not the faintest 
idea of their source. 

Herbert Spencer died, after many years 
of invalidism and weariness of life, on 
December 8, 1903. Many books have been 
published dealing with his system and him- 
self. line most recent of these, called 
“ Evolution the Master-Key,” by Dr. C. W. 
Saleeby, is an attempt to show how the 
Spencerian philosophy applied to and is 
confirmed by the new discoveries made 
since its author’s death. The “ Life and 
Letters,” by Dr. Duncan, was published in 
1008, and is a fine and just memorial to one 
of the most independent, honest, devoted, 
profound, and fertile minds in the history 
of human thought. 
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BENEDICT SPINOZA 

Who Saw All Things aa the Vesture of God 

Baruch, or Benedict, Spinoza was born at 
Amsterdam on November 24, 1632, of 
Jewish parents from Portugal. He was a 
delicate child, doubtless already tubercu- 
lous, and was allowed by his father to re- 
ceive a rabbinical instead of a commercial 
education. Much wa s hoped from him by 
his delighted teachers ; they did not know 
how much this boy of fourteen was going to 
learn. With excommunication about to be 
pronounced, he withdrew from the syna- 
gogue. He changed his name of Baruch to 
Benedict, and renounced dogmatic and 
traditional Judaism, with its limited con- 
ception of Deity as a tribal God, the 
peculiar possession of a “ chosen people.” 
The excommunication was actually pro- 
nounced when Spinoza was twenty-two. 

The brave youth set to work to master 
Latin while he made a pittance by the 
polishing of lenses for optical instruments. 
As he polished, his spiritual eyes saw more 
than ever lenses of glass could reveal. He 
was introduced to the Latin writings of 
Descartes, in which he found a new world 
revealed. He left Amsterdam for a small 
village near Leyden, and there he polished 
lenses and wrote a masterly abridgement 
of Descartes’ “ Meditations.” Some fame 
came to him, and a Royal patron offered 
him the Chair of Philosophy at Heidelberg. 
But his acceptance of it would have re- 
quired him to conceal that part of his 
beliefs which ran counter to the limitations 
placed upon Deity by theologians, and he 
refused the Chair, for his " public duties 
would interfere with his private medita- 
tions.” He preferred to polish lenses, and be 
free to think. . He declined money and 
legacies from his friends, refused a pension 
conditional upon his dedicating a book to 
Louis XIV., “ having no intention of dedi- 
cating anything to that monarch,” and 
lived at home on a diet which cost him 
about twopence-halfpenny a day. 

The " God-intoxicated Spinoza,” Novalis 
called him. But his enemies thought other- 
wise. He founded what we now call the 
“ higher criticism ” of the Bible, and 
attacked the institution of priesthood. They 
said he was an atheist, because they could 
not see his God. Yet he sought to prosely- 
tise none. He encouraged children to be 
regular in attending church; he assured 
his landlady that her religion was a good 
one, and would save her if she lived a kind 
and upright life, besides going to church. 
And from his tiny earnings, and his meals of 
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gruel and raisins — for he would not go out 
to dinner, though often asked — he found 
somewhat to spare for the wretched ; and 
all the time he was dying of consumption. 

Among Spinoza’s various works, two 
stand out ; first, the “ Theologico-Political 
Tract,” with it§ discussion of the meaning 
of revelation, and its criticism of the dogma 
which denies man’s right to think ; and 
second, the “ Ethics,” which is not merely 
a treatise on morals, but is the most exalted 
system of pantheistic philosophy ever given 
to the world, and has profoundly influenced 
the great minds of every generation since 
Spinoza’s death. In his own day it won 
for him the name of atheist, though, indeed, 
what his critics called atheism was really 
acosmistn — a denial that the cosmos is any- 
thing but the living garment of God. That 
phrase is Goethe’s ; and the supreme poet of 
Germany was indeed a humble pupil of 
Spinoza. So were Novalis and Lessing and 
Herder, and Coleridge and Wordsworth, 
each in his own way and measure seeing 
and teaching what true thinkers have 
always finally come to see — that in God we 
live and move and have our being. 

Early in his twenties Spinoza was already 
threatened with death from consumption. 
As so often, the disease ran a protracted 
course. It left him time to do the essential 
part of his work in the world. For six years 
he had lived at the Hague, when, in 1677, 
his symptoms became much worse, and on 
Sunday, February 22, he died suddenly in 
the presence of his doctor, his friends having 
gone, at his earnest request, to worship the 
little God in Whom they believed, and who, 
he was teaching mankind, infinitely tran- 
scends thought. On their return they found 
him dead, his doctor having departed, 
taking with him Spinoza’s. watch and money. 

Such was the earthly end of this sublime 
thinker, who taught that the visible world 
is the outward and visible sign of the ever- 
creative and definite Being, the Substance 
from Whom all things visible and invisible 
proceed. “ Offer up with me,” says 
Schleiermacher, ” a lock of hair to the 
manes of the holy but repudiated Spinoza. 
The great Spirit of the Universe penetrated 
him ; the Infinite was his beginning and 
his end. He was filled with religion, and 
therefore he stands alone, unapproachable 
—elevated above the profane world, with- 
out adherents and without even citizen- 
ship/* Citizenship, indeed ! No “ com- 
mon follower of the world ” was he, but the 
“ clearer presence of God Most High in a 
man.” 


THALES 

The " Father of Philosophy ' 9 

Thales was bom at Miletus, a Greek 
colony in Asia Minor, in the seventh century 
before Christ, the exact date being unknown. 
He belonged to a distinguished family, and 
is said to have taken a part in political 
practice as well as in philosophy. He was 
one of the “ Seven Sages ” of the ancient 
world, and is perhaps famous, above all, for 
his 'profound motto, “ Know thyself.” 

As a student of the external world he 
founded philosophy and science, in so far as 
these have a historical record at all. He 
saw that things change, and sought for a 
principle or beginning of change. He 
thought he had found it in water, and so 
he came to teach that from water all things 
have evolved, and to water they will all 
return. Even in earth, in germinating seeds, 
in his own body, he found water ; without 
it, nothing could happen, and it must there- 
fore be looked upon as the beginning of 
things. The modern student of the chemis- 
try of living beings goes far to confirm this 
principle of Thales, in a limited but notable 
sense. But of course Thales had not hold 
of the whole truth ; and his successors had 
to make other suggestions, as that every- 
thing began with fire. 

Apart from the maxim “ Know thyself,” 
Thales is most to be honoured, however, for 
his assertion of the great principle now 
called the “ conservation of energy,” which 
plays such a part at the very foundation of 
physical science today. “ From nothing, 
nothing is made,” he taught ; in Latin 
form, “ Ex nihil, nihil fit.” Things are 
neither created nor destroyed ; they change. 

Little more is known of the teachings, 
and no more of the life, of this remote 
thinker, but on the historical record his 
name stands illustrious and first. 

TOLSTOY 

Reintroducer of the Christianity of Christ 

Count Leo Tolstoy, the greatest person- 
ality of the Russian race, was born at 
Yasnaya Poliana, Tula, Russia, on Sep- 
tember 9 (new style), 1828, of an aristocratic 
family notable in Russian history. His 
mother was a princess. Both she and his 
father died when he was quite young. He 
was a thoughtful boy, but no determining 
influence gave him a lead, and he had to 
make his own way to a theory and practice 
of life. Sent to the University of Kasan, 
he saw little to respect «n the education 
offered. His studies were of a very de- 
sultory character, and he left in disgust. 
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He included Rousseau in his reading, how- 
ever, with permanent effects on his thoughts 
and character, and from quite early years 
he had in consequence recurrent hankerings 
after “ the simple life.” 

He came under discipline by joining 
the army and seeing service, first in the 
Caucasus, and then in. Bulgaria and the 
Crimea. During this soldiering period he 
began to write, and at once arrested atten- 
tion as one bound for distinction. Indeed, 
during the Siege of Sebastopol — respecting 
which some of his most vivid stories were 
written — the Tsar Nicholas gave orders to 
the superior officers that Tolstoy should be 
kept out of any unnecessary dangers which 
he might seek, as his life was evidently 
destined to be useful to his country. 

In writing of Tolstoy it is necessary to be 
clear which Tolstoy is meant, for no man 
ever changed more in the course of a life- 
time, through* growth and conversion. 
When ranging a library containing all his 
works it is possible to meet at least three 
different Tolstoys ; and it must never be 
forgotten that, as his views of life developed, 
he denounced himself as a novelist as 
vigorously as he denounced nearly all 
other writers of fiction. It was not that 
Tolstoy's works were ever deleterious, as 
fiction goes from the point of view of the 
average cosmopolitan reader, but he en- 
tirely changed his conception of what human 
qualities constitute the real values of life. 
In this brief notice of him it is Tolstoy the 
philosopher, the real, ultimate man, that 
we have to deal with, and his earlier works 
only call for the merest mention. 

His first period as a writer was almost 
co-terminous with his life in the army. 
Then lie wrote a semi-autobiographical 
account of his youth, war-sketches, and 
stories which showed markedly the influence 
of Rousseau. Afterwards he travelled, with 
the fame of his early writings gaining him 
friends, particularly in literary circles ; mar- 
ried happily, had a large family, and 
devoted himself to them and the manage- 
ment of his estate. Next followed, to the 
age of fifty, a period when his greatest 
novels were written — the magnificently 
panoramic “ War and Peace,” and “ Anna 
Karenina.” But, as time went on, Tolstoy 
was more and more restless, because he had 
no settled philosophy or practice of living 
which satisfied his aspirations, and espe- 
cially put him in a nght relation toward 
the mass of his fqllow-men, the peasants, 
in whom he had seen, as common soldiers, 
manly virtues which he found far less 
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developed, or more overlaid, in men of 
his own circles. In 1867, when he came 
back from his travels, he had given all his 
own serfs their freedom ; and now, as his 
spirit was maturing, he determined to live 
a life of peasant simplicity himself, to make 
his whole life a religion, andjto give himself 
up to teaching that religion. What he 
wrote and did during the last thirty years 
of his life — whether as argument, appeal, or 
story — had that aim ; and in that faith he 
died on November 20, 1910. His object, 
in a word, was to bring back Christianity 
to the practice of Christ. It need hardly 
be said that in pursuing this object he was 
excommunicated by his own branch of the 
Christian Church — such men always have 
been, and apparently always will be, stoned 
by the guardians of formally organised 
religions, who cannot tolerate those who 
are too religious. What is the philosophy, 
then, which Tolstoy expounded, though it 
involved the renunciation of much that he 
had done and written in the earlier part 
of his life ? 

He held that the secret of a perfect life 
is to be found in Christ's actions and 
teachings ; and they are summarised in love 
for all mankind, which leads to human 
helpfulness, and to abstention from every- 
thing that would harm others. This, lie 
held, was the essence of every form of 
religion that has been sincerely evolved by 
men. On this basis we arrive at once at 
human brotherhood, irrespective of caste 
or race, social or blood distinctions. Out 
of this feeling of brotherhood, and one of 
the great tests of it, sprang his theory of 
non-resistance, adopted from Christ. The 
theory carried him far beyond such deri- 
sions as refusing to be a soldier, or refusing 
to resent any wrong or resist any violence. 
It led him to reject the participation in. 
or acceptance of protection from, any form 
of government, because Governments are 
based on the use of force when it appears 
necessary. He regarded all the actions of 
the State as contrary to true Christian 
teaching, as, for example, the enforcement 
of the law, which does not forgive men. 
or return good for evil. Indeed, he thought 
of the State as an organisation for en- 
slaving the people to anti-Christian prac- 
tices. For the same reason he opposed 
State Socialism, and advocated communal 
control of land through Henry George’s 
Single Tax for absorbing the whole of the 
" economic rent." He would destroy land- 
lordism by passive resistance on the part 
of the workers. The aim of every human 
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being should be to sink his own personal 
interests for the good of mankind generally 
— only thus can true satisfaction for a life 
of genuine worth be reached. Science, 
religion, art, politics, are all judged by him 
in their relation to this great aim, which 
was the supreme aim of the life of Christ. 
Through many books and pamphlets Tol- 
stoy preached his gospel of ideal perfection, 
and in simplicity and sincerity strove to 
carry it out in his own life. 

VOLTAIRE 

The Man who Freed the Mind of France 

The name of Voltaire was Francois 
Marie Arouet until he was thrown into the 
Bastille, whence he emerged as Voltaire. 
His father was Arouet, the notary, a very 
well known business lawyer. 

Bom on November 24, 1694, in Paris, 
Voltaire was a weakly child, whom his 
parents scarcely hoped to rear. His mother 
•died when he was seven, and the lad grew 
into a dissolute but clever young man, whose 
•tongue and pen were to be feared by friend 
•and foe, much to the distress of his father, 
who hoped to see him a great advocate 
instead of a prickly society wit. He. had 
been educated from the. age of ten at the 
‘College Louis le Grand by the Jesuits, 
but he declared afterwards that they 
taught him nothing. On leaving the col- 
li ege he would not look at the law, and his 
friends were all badly chosen. A friend of 
his mother, who saw the possibilities in 
him, and gave him two thousand francs to 
buy books, was, according to Morley, “ the 
one honest soul with whom he had to do.” 
To separate him from undesirable associates, 
his father secured his attachment to an 
embassy to Holland, but he was sent back 
home in consequence of an intrigue with 
a lady about the Court. Returning to 
Paris, he brought matters to a head by 
lampooning the Regent, and for this, in 
1717, he was sent to the Bastille, where he 
remained out of harm’s way for nearly a 
year. He now wrote his tragedy “ (Edipe,** 
which was performed with immense success, 
and an epic poem with Henry IV. of France 
as its hero, for which sanction was refused 
by the authorities. The poem, however, was 
printed, smuggled into Paris, and widely 
read. Voltaire continued writing for 
the stage, and was regarded as the most 
brilliant man about town, when an event 
occurred that made a man of him indeed. 
Having lampooned a sprig of nobility, his 
young mightiness set his lackeys to thrash 
the impudent scribbler. Voltaire replied 


with a challenge to fight, and was promptly 
clapped in the Bastille, from which he was 
only released on the condition that he 
would go away to England and stay there. 
He was in his thirty-third year when this 
occurred, and he stayed in England three 
years. Voltaire’s later influence on the 
world depended wholly on those three 
years. Till then he had been a trifler. He 
now became an earnest man, even some- 
thing of a philosopher, with a deepened 
knowledge and an aim in life as regards his 
own country. 

Looking back on the England of 
George If., we may not sec at once that 
it was the land of freedom, but to Voltaire, 
fresh from a land where all freedom of 
thought was fettered, and civilisation itself 
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was being slowly strangled by the Church 
and aristocracy, the sense of expansion and 
power was exhilarating in the highest degree. 
He at once became the friend of the men 
of most vigorous mind. He learned English, 
read Locke, mastered Newton, knew Pope, 
Young, Thomson, and (bay, and absorbed 
Deism from Bolingbroke. Of Locke he 
said, in a sentence that is a line example of 
his caustic delineation : “ Like a prodigal 
returning to his father, I threw myself into 
the arms of that modest man, who never 
pretends to know what he does not know, 
and, in truth, has no enormous posses- 
sions, but whose substance is well assured.* * 
In 1729 Voltaire went back to France, a 
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made man. He had now published his 
“ Henriade,” dedicated to the English 
Queen ; had collected the materials for his 
Shrewd but curiously patchy “ Letters on 
the English,*’ and was prepared to introduce 
Newton’s philosophy to his own country- 
men, to write on metaphysics, and to dabble 
in an amateur way in experiments in physics 
and chemistry. Above all, he felt keenly 
what the freedom was which England had 
and France had not, and was prepared in 
every way to fight for free play for human 
reason, whoever might try to stifle it. 

As Morley says, with fine, picturesque 
truth : “He made it a perpetual war-cry, 
and emblazoned it on a banner that was 
many times rent, but never out of the field.” 
During the next twenty years, while he was 
fighting the battle of mental freedom, and, 
as has been said, “ purging and exalting 
belief by disbelief,” he had to change from 
residence to residence and in and out of 
the country to evade what he called “ the 
enemies of man,” and particularly the 
Church he delighted to name “ L’lnfame.” 
“ He hated tyranny, and refused to lay up 
his hatred privily in his heart.” The 
resistance to the principles of despotism, 
which had been made successfully in 
England in the seventeenth century by 
“ a band of homely squires ” like Cromwell 
and Hampden, was first made in France, 
more than a century later, by Voltaire. 

He stood for the rational man, and lie 
forced his enemies to become rational in try- 
ing to defend themselves. Still, by 1750, he 
found it advisable to leave France, and 
accept the long-given invitation to visit his 
friend Frederick the Great. In Berlin he 
was installed “ with sumptuous honour,” in 
fine apartments, and was given a handsome 
pension. But the visit was a mistake ; and 
Voltaire, who, as a side-show of his character 
was a cunning business man, and always 
piling up a big fortune, engaged in trans- 
actions which Frederick could not counten- 
ance in a protege, however eminent. So 
the friends parted, not without bitterness, 
though the friendship was nominally sus- 
tained, and the writings in which Voltaire 
scalped the King were kept perdu in his 
desk, to be found when he was dead. 

Voltaire now settled for the last twenty- 
three years of his life on Lake Geneva — 
wealthy, infinitely busy, and one of the 
admittedly supreme personages of Europe. 
Here he wrote some of his greatest books ; 
from here he fought some of his stoutest 
battles against oppression and the insolence 
of proud and stupid authority. His death 
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was strangely caused. He had been absent, 
from Pans for thirty-four years, and was. 
now in his eighty-fourth year, when he was. 
invited to Paris to the production of his; 
play “ Irene.” Its success was immense,, 
and the reception of Voltaire by the. 
populace one of unbounded r enthusiasm.. 
The excitement of finding himself the- 
darling of his countrymen was too much 
for the cynical old man, who so long had 
hidden his heart ; and in the midst of a 
blaze of popular glory he died, at the; 
height of his fame, on May 30, 1778. 

To many English people Voltaire remains, 
the typical infidel — which shows how 
successful his enemies were in throwing dust 
into the eyes of many good people in' 
defence of indefensible pretensions. It is 
quite true that Voltaire had no sense of 
reverence, but the things he fought were 
not reverend. As Morley says in his superb* 
sketch : “ The Christianity he assailed was- 
as little touched as Voltairism itself with* 
that spirit of holiness which poured itself 
round the lives and words of the two great- 
founders, the great Master and the great. 
Apostle.” Voltaire never was an atheist. 

Indeed, a time came when the more ad- 
vanced of his countrymen looked upon him 
as a conservative in religion. “ He is a bigot 
— he is a theist,” was the cry. It is true 
that his methods of controversy were 
recklessly “ keen,” and he constantly failed 
in taste ; it is true that his influence was 
destructive — he attempted no constructive 
legislation. He can be criticised at a 
hundred points, and then the main fact of 
his life will stand that he awoke his 
country to a consciousness that human in- 
telligence has the right to free play. As 
Morley says, in a piece of daring imagery : 
“ The rays of Voltaire’s burning and far- 
seeing spirit no sooner struck upon the 
genius of the time, seated dark and dead 
like the black stone of Memnon’s statue, 
than the clang of the breaking chord was 
heard through Europe, and men awoke in 
a new day and more spacious air.” 

XENOPHON 

The Founder of the Literary Essay 

Xenophon, Greek historian, military com- 
mander, and founder of the literary essay, 
was born at Athens about 430 B.c. He 
was the son of an Athenian knight, and came 
under the influence of Socrates at an early 
period of his life. In 401 B.c. he accepted 
the invitation of an old friend to join the 
Hellenic mercenary troops in an expedition 
which Cyrus the Younger was leading 
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against his brother, Artaxerxes II., king of 
Persia. Xenophon's motive was not the 
love of lighting, but a keen desire to see 
strange lands and to witness thrilling 
adventures. He would have made an ex- 
cellent war correspondent. But after the 
battle of Cuqaxa, in which Cyrus was slain, 
Xenophon was elected an officer, and finally 
placed in command of the Greek force. 

Though continually harassed by savage 
foes, he succeeded, by means of strategic 
skill, genial tact, and steady resolution, in 
leading his men through the bleak highland 
tracts of Armenia and Georgia ; and after 
five months of severe privations they 
reached Trebizond, on the Black Sea, and 
eventually Chrysopolis (Scutari). The 
14 Retreat of the Ten Thousand,” insepar- 
ably associated with the name of Xenophon, 
is one of the great military achievements 
of all time. In his “ Anabasis,” he tells the 
story of the march with much vivacity and 
picturesque detail. 

After some service under a Thracian 
chief, the well-seasoned little army crossed 
over to Asia again, and assisted a larger 
Lacedaemonian force to wage war against 
their old enemies the Persians. Xenophon 
luckily captured a rich noble and his family, 
the ransom paid for their release being 
sufficient to endow him with a small 
fortune. Upon his return to Greece, he 
fought at the battle of Coronea (394 b.c.), 
siding with the Spartans against Athens and 
Thebes. The explanation of this seemingly 
unpatriotic conduct lies in his belief that the 
union of Athens and Sparta would enable 
Greece to dominate the world. His native 
Athens would not adopt this policy, and 
decreed his banishment. Sparta recog- 
nised his services by the grant of an estate ; 
and on this he lived with his wife and two 
sons for the next twenty years. He played 
the part of a country gentleman, writing 
most of. his important works, and hunting 
with the zest of an ardent sportsman. 

The philosophy of Xenophon was adapted 
to the needs of his times. He was not an 
idealist, and his genius was not given to 
utopian speculations. It was the moral and 
practical aspect of his master's teaching 
that had impressed him most ; and his own 
writings are utilitarian in purpose, his 
thoughts being largely suggested by social 
and national environment. So that he aims 
at creating capable soldiers and good 
citizens, forming thrifty housekeepers, and 
inculcating such principles as would vitalise 
commerce and govern useful legislation. In 
his 44 (Economicus ” he presents a lively and 


entertaining picture of a Greek wife. She 
would be devoted to home duties, and strive 
to preserve her personal attractions by 
healthful exercises ; not by painting her 
complexion. He assumes that difference of 
sex implies difference of aptitudes, and 
considers intelligent co-operation is the true 
secret of domestic happiness. He eulogises 
agriculture as a calling which fosters a love 
of country and respect for property, 
which hardens men for military campaign- 
ing, and which allows sufficient leisure for 
intellectual pursuits and political activities. 
He recommends kindly treatment of labour- 
ers, but lays emphasis on the value of 
efficient personal superintendence. 

His essay on the “ Revenues of Athens ” is 
a very practical treatise, in which he makes 
various suggestions for raising home re- 
venues. One of these wai to lease public 
lands for mi ring enterprise's, and the hir- 
ing out to capitalists of slaves purchased 
by the State. His remarks ■on finance are 
interesting, if not always clear and accurate. 
He had, however, grasped the principle that 
the export of money in exchange for goods 
involved no loss to the community. He 
was a precursor of Cobden in his advocacy of 
international amity, and of diplomacy in 
the settlement of foreign disputes. Today 
he would be called a pacificist and Free 
Trader. 

His essay on “ Horsemanship,” on 
“ Cavalry,” and 44 The Chase ” are scientific 
treatises on subjects upon which he was an 
expert authority. 

The “Memorabilia” embody Xexophon’s 
romininiscences of those famous Socratic 
conversations by which the great philo- 
sopher educated his disciples. Socrates 
never wrote a book. His biographers were 
Plato and Xenophon. But while the former 
often cast the glamour of his own imagina- 
tion over his master’s portrait, Xenophon 
gathered up such moral and matter-of-fact 
principles as would appeal to a pious and 
straightforward soldier, and with these 
drew a simple, honest, but imperfect sketch ; 
so that it has been said that he gave “ con- 
siderably less than the real Socrates, while 
Plato gives us something more.” Xeno- 
phon was, in truth, Boswell of Socrates. 
His great historical work, besides the popular 
“ Anabasis,” is the “ Hcllenica,” a continua- 
tion of the history written by Thucydides. 

After Sparta’s memorable deteat at 
Leuctra, 371 B.c., Xenophon made his 
home in Corinth. He was still alive in 357 
b.c., but how long he survived after that 
date is unknown. 
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DENIS PAPIN— WHO MADE THE STEAM- 
ENGINE POSSIBLE 

SIR CHARLES PARSONS— INVENTOR OF 
THE STEAM-TURBINE 
SIR WILLIAM PETTY— THE PHILOSOPHER 
AS INVENTOR 

PINCHBECK AND SON-CLOCKM AKERS 

VALDEMAR POULSEN— THE DANISH RIVAL 
OF MARCONI 

SIR FRANCIS RONALDS-AN INVENTOR 
OF TELEGRAPHY 

CHARLES LATHAM SCHOLES— FOUNDER 
OF THE TYPEWRITING INDUSTRY 

ERNST WERNER VON SIEMENS A GREAT 
BENEFACTOR OF GERMANY 

SIR WILLIAM SIEMENS — A GERMAN 
ENGINEER WHO HELPED ENGLAND 

SIR FRANCIS SMITH— THE STRUGGLE OF 
AN IDEA 

JAMES K. STARLEY— INVENTOR OF THE 
SAFETY BICYCLE 

DENIS PAPIN 

Who Made the Steam-Engine Possible 

D enis Papin was born at Blois, Franco, on 
August 22, 1647, the son of a physician, 
and was himself brought up to the medical 
calling. After taking his degree, he devoted 
himself to the study of physics, and, joining 
lluygens in Paris, helped him in his experi- 
ments with the air-pump. 

Persecuted with great bitterness as a 
Protestant, Papin fled to England, where 
his experiments had already made him 
known. He was warmly received by Robert 
Hoyle, whom he assisted in his laboratory, 
and under whose auspices he was introduced 
to the Royal Society. It was to this body 
that Papin first exhibited his famous 
“ digestor,” an appliance for cooking by 
means of superheated steam, by which 
even bone and cartilage were rendered soft 
and eatable. Of what value the discovery has 
been to commerce it would be exceedingly 
difficult to say. 

Probably this means of cooking and pre- 
serving food has had to be rediscovered, for 
more than one nineteenth century name is 
associated with the subject, and Tyndall's 
plan of “ discontinuous heatings ” does not 
suggest any reference to the Papin plan. 
Possibly we might not have had occasion to 
remember the “ digestor ” at all had it 
not embodied a principle of great value, 
altogether apart from the culinary art. To 
the digestor was first applied the safety- 
valve. Let John Evelyn, therefore, de- 
scribe to us the occasion on which the famous 


GEOKGE STEPHENSON THE FOUNDER OF 
RAILWAY TRAVEL 

ROBERT STEPHENSON- -BRIDGE -BUILDER 
WILLIAM SYMINGTON -FIRST PK.UTICVL 
STEAM NAVIGATOR 

WILLIAM HENRY FOX TALBOT— PIONEER 
' OF PHOTOGRAPHY 
TESLA— PIONEER OF ELECTRICAL POWER 
RICHARD TREVITHICK -- PIONEER OF 
STEAM LOCOMOTION 

ALESSANDRO VOLTA— DISCOVERER OF 
THE ELECTRIC BATTER V 
JAMES WAIT INVENTOR OF Till*: RE \L 
STEAM ENGINE 

SIR CHARLES WHEATSTONE— MEASURER 
OF THE PACE OK ELECTRICITY 
ROBERT WHITEHEAD - CREATOR OF A 
MONSTER OF THE SICA 
ELI WHITNEY— AN INVENTION WHICH 
RIVETED THE FETTERS OF SLAVERY 
THE MARQUIS OF WORCESTER— IN VENTOR 
OF A STEAM-ENGINE 

scientific freak made its first public appear- 
ance. He lias in his inimitable Diary for 
a day in March of ibtSj the following 
quaint entry: 

“ I went this afternoon with sevcrall of the 
Royal Society to a Supper which was all 
dress’d, both fish and tlesli, in Monsieur 
Papin’s Digestnrs, by which the hardest 
bones of beefe itselfe, and mutton, were 
made as snit as cheese, without water or 
other liquor, and with lesse than 8 ounces of 
coales, producing an incredible quantity of 
gravy ; and, for close of all, a jelly made of 
the hones of beef, the best tor clearness and 
good relish, and the most delicious that I 
had ever scene or tasted. We eat pike and 
other tish hones, and all without impedi- 
ment ; but nothing exceeded the pigeons, 
which tasted just as if bak’d in a pie, all 
these being stew’d in their own juice, with- 
out any addition of water save what swam 
about the Digestor, as in balnea ; the natural 
juice of all these provisions acting on the 
grosser substances, reduc’d the hardest bones 
to tendernesse ; but it is best descanted with 
more particulars lor extracting tinctures, 
preserving and stewing fruite, and saving 
fuel, in l)r. Papin’s bookc, publish’d and 
dedicated to our Society.” 

Such was the contrivance for which the 
safety-valve, indispensable to the steam- 
engine, was invented. Papin secured due 
intensity of heat for his digestor by pre- 
venting the steam from at mice escaping, so 
raising the temperature of the contents 
considerably above boiling-point. But his 
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experiments soon convinced him of the dan- 
gerous expansive properties of steam, and to 
prevent his cooking utensil from bursting he 
devised his safety-valve. This consisted of 
a small plate, or cylinder, fitted into an 
opening in the cover of the boiler, and kept 
shut by a lever loaded with a weight, 
capable of sliding along it in the manner of 
a steelyard. The pressure of the weight 
upon the valve couhl thus be regulated at 
pleasure When the pressure of steam 
became excessive, the valve was forced up, 
and so permitted an escape of steam. The 
strange, thing is that Papin, who had 
ingenuity enough to invent the safety-valve 
for his food-boiler, did not realise its value 



A MODEL OF PAPIN'S DIGESTOR, SHOWING 
THE SAFETY-VALVE 

for his steam-engine, hut employed another 
expedient for the purpose. And the mem- 
bers of the Royal Society ate their meal of 
stewed meats without a glimpse of know- 
ledge that a device of supreme importance 
to the future of mankind was incorporated 
in the mechanism of the digestor, 

" Papin,” Evelyn notes, “ is since gone to 
Venice with the late Resident here (and 
also a Member of our Society), who carried 
this excellent mechanic, philosopher, and 
physician, to set up a philosophical meeting 
m thatcitty.” The “ philosophical supper,” 
he says, “ caused much mirth amongst us 
and exceedingly pleased all the company. 
I sent a glass oi the jelly to my wife to the 
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reproach of all that the ladies ever made of 
the best hartshorn.” 

Papin remained two years in Venice, and 
on returning to London was appointed by 
the Royal Society temporary curator of 
experimentists, but in 1687 he accepted 
the Chair of Mathematics in the University of 
Marburg, passing thence, eleven years later, 
to Cassel. From time to time he communi- 
cated to his scientific friends in London 
news of his progress in physical experiments, 
but his most important papers are included 
in the Acts of the Leipsic Academy, among 
them, dated 1690, being one in which he 
describes his plan of developing mechanical 
power by the condensation of steam. This 
is entitled “ A New Method of Obtaining 
Very Great Moving Powers at Small Cost.” 
He had previously experimented with 
gunpowder, seeking by exploding it in a 
cylinder to cause a vacuum through which a 
piston would descend and, by depressing a 
beam, work a pump. Curious that one of 
the first men seeking a new prime mover 
should first try the internal-combustion 
engine which, left for another two centuries, 
has since revolutionised methods of travel. 

But gunpowder was unsatisfactory. It was 
too violent in action, and did not produce 
a sufficiently good vacuum to enable the 
piston quickly to descend. Papin therefore 
substituted steam to raise the piston, and, 
upon condensing, to create the vacuum, 
leaving gravitation and atmospheric pres- 
sure to produce the downward or power 
stroke of the piston. But the engine was 
extremely crude, for each time the piston was 
raised the lire had to be withdrawn from 
beneath the cylinder to admit of the con- 
densation of the steam. Thus his engine 
was not actually a steam-engine; it was 
an engine in which steam was generated in 
order that the forces of gravitation and 
atmospheric pressure might be utilised. 

Papin's invention far excelled Savory's, 
for the latter simply relied upon the actual 
contact of steam with water for raising the 
latter. Papin's transmitted power by way 
of piston and connecting-rod to the beam 
above. In Newcomen’s hands engines 
embodying pistons resembling Papin’s 
became prime movers indeed, and pumped 
water from English mines for three-quarters 
of a century. Papin derived no advantage 
from his invention, but, returning to London 
in 1707, was coldly received, Without 
resources and practically without friends, 
he vanished from the haunts in which, 
twenty years before, he had been famous, 
and, it is supposed, died, in 1712, in poverty. 
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•SIR CHARLES ALGERNON PARSONS 
The Inventor of the Steam-Turbine 

Charles Algernon Parsons, the greatest 
steam-engineer since Watt, was born in 
London on June 13, 1854. He is the fourth 
son of the famous Earl of Rosse, of Birr 
Castle, Parsontown, Ireland, who constructed 
the great reflecting telescope by which 
many astronomical discoveries were made. 
From his father and his father's friends Sir 
Charles derived the passion for scientific 
research which has had such large results. 
Sir Robert Ball, the brilliant astronomer, 
was one of his tutors, and, having the Rosso 
telescope at hand, Sir Charles was taught to 
use it, in the hope that he might, as he grew 
up, continue his father’s work, and make the 
study of the stars the work of his life 


In order to get the knowledge and ex- 
perience in practical engineering that he 
required, he entered the Elswick Works 
after leaving Cambridge, in 187b, and served 
under Lord Armstrong until 1881. He 
quickly distinguished himself by his in- 
ventive talent, and made a new kind of 
steam-engine of a rotary kind, in which 
the cylinders revolved. This was the 
principle afterwards applied in France to 
the Gnome petrol - engine used on flying- 
machines. But after joining Messrs. Kitson, 
of Leeds, and making an experimental 
model of a steam rotating engine, Sir 
Charles came to the conclusion that all 
steam-engines could only be improved into 
a greater economic efficiency by using 
steam power in an entirely new way. 



A MODEL OF TIIE ORIGINAL PARSONS STEAM- TURBINE AND A HIGH-SPEED DYNAMO DRIVEN BY IT 


But, as often happens, Sir Charles and his 
brothers were inclined to look on astronomy 
as task-work. More entertaining to them 
was the mechanical aspect of the great 
telescope. Taking up the study of 
mechanics, they built, while still but lads, 
a steam inotor-car that ran at the speed 
of ten miles an hour. At nineteen Sir Charles 
Parsons went up to Cambridge, and laid 
the foundation of his future achievements 
by developing his talent for mathematics 
and coming out eleventh Wrangler. It 
was at Cambridge that the idea occurred to 
him that the ordinary steam-engine was 
constructed on a wrong principle. It 
seemed to him that all the mechanism 
necessary for transforming the straight to- 
and-fro movement of the piston-rod into 
the circular action of shafts and wheels was 
a pure loss of energy. The engine of the 
future, he argued, would have to be 
provided with a direct rotating action. 


In 1884 he became a partner in the firm 
of Clarke, Chapman, Parsons & Co., of 
Gates hoad-on-Tyne, anti began his re- 
searches on the turbine principle. He 
aimed at using the steam in somewhat the 
same way as water is used in driving a 
modern water-wheel. It was not difficult 
to make a wheel fitted with a ring of vanes, 
against which a jet of steam played through 
a steam pipe from the boiler. The trouble 
was that the wheel went round so fast that 
no machinery could work at the speed. 
The movement was too quick, and at the 
same time the force of the movement was 
comparatively slight. It might do for 
churning butter, but it would not do for 
driving ships. Moreover, the steam had a 
cutting action on the metals used in the 
vanes of the turbine, so that the working 
part was quickly worn out. All these 
difficulties were overcome at last by con- 
structing a large number of wheels of 
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different sizes, and fitting them together 
into a long compound turbine. 

At the place where the steam entered 
the rings were comparatively small. Then, 
as the steam expanded and its pressure 
decreased, the rings became larger. New 
kinds of blades or vanes were devised, as 
the result of calculations and experiments, 
and the entire scries of rings was covered 
in by an outer shell of metal, on the inner 
side of which were fitted lines of guide- 
blades that directed the steam on to the 
moving blades of the compound turbine, 
in this way Sir Charles Parsons distributed 
the power of the steam over a large working 
surface, and reduced the velocity of the 
result in movement while obtaining a 
larger output of working power. 

The first Parsons steam-turbine, of ten 
horse-power, was made in 1884, but it ran 
at 18,000 revolutions a minute, and was 
so inefficient that it was nicknamed “ the 
steam-eater.” The speed was still too 
high for any ordinary purpose, but happily 
there was one important branch of industry 
in which the ordinary steam-engine suffered 
from an opposite defect. The generation 
of electricity by steam-driven dynamos 
was then the latest development of en- 
gineering, and it was found that a dynamo 
could be profitably driven at a higher speed 
than that at which a reciprocating engine 
worked. On the other hand, the steam- 
turbine moved round so quickly that when 
it was coupled to a dynamo it set up 
centrifugal strains that tended to break 
up the generator. Sir Charles Parsons was 
obliged to construct a special dynamo to 
run with this turbine, and this was a task 
that gave him almost as much trouble as 
the invention of the turbine itself. But 
by continually improving his new engine 
he managed to reduce the speed with which 
it whirled round, and to increase its output 
of power, until it was gradually developed 
into a more efficient prime mover than the 
ordinary reciprocating engine. 

Just as Sir Charles Parsons was working 
out the problem of adapting his invention 
to driving steamers at a new and higher 
speed, another difficulty arose. The part- 
nership with Messrs. Clarke, Chapman & Co. 
was terminated in 1889, and the rights in 
the turbine patents were held by the firm, 
and lost to the outgoing junior partner. 
Undauntedly, Sir Charles founded, in 1890, 
the now world-famous works of C. A. 

. Parsons & Co., at Heaton, Newcastle, and 
with a band of brilliant fellow-workers he 
began to experiment on a new kind of 


turbine. It was not successful. But in 
1894 Sir Charles managed to acquire the 
atent rights in his original invention, and 
y introducing improvements in his old tur- 
bine he was able to astonish the world. 

He found that his engine drove the pro- 
peller of a steamer so quickly that much 
of the power was lost in maintaining an 
air-space round the screw, instead of 
pushing the water away and sending the 
ship forward. Tackling this new problem,, 
he devised a new kind of propeller, and at 
the Naval Review in 1897 the tiny “ Tur- 
binia ” attained the wonderful speed of 
34 \ knots an hour. The Admiralty then 
gave an order for a turbine-driven destroyer 
with a speed of 30 knots. When the vessel 
was tried it ran at the rate of over 37 knots,, 
or about 43 miles an hour. The steam- 
turbine had arrived ! Until an efficient 
gas-turbine is invented, the Parsons turbine 
will probably remain the most suitable: 
prime mover for the generation of elec- 
tricity. It is likely also to remain useful 
in driving vessels at a very high speed,, 
though the Diesel engine, which requires a 
smaller space for its fuel, is becoming a 
serious rival in marine locomotion. 

SIR WILLIAM PETTY 
The Philosopher as Inventor 

Sir William Petty was born at Romsey, 
Hampshire, on May 26, 1623, the son of a 
small shopkeeper. Educated at the local 
grammar school, he displayed marked talent 
for mechanics, and is said to have mastered, 
by the time he was twelve, the various 
trades practised in the town merely by 
watching the workmen at their tasks. 
It is curious that a boy of such tastes should 
have been sent to sea, but there he found 
himself, and in very bad company, for his 
shipmates deserted him on the coast of 
France, leaving him destitute, with a 
broken leg. He survived this misfortune, 
and managed to maintain himself, first as 
a pedlar and afterwards by teaching Eng- 
lish and navigation ! With characteristic 
courage he took advantage of his oppor- 
tunity thoroughly to master French and 
to enter himself as a student at the Jesuit 
College of Caen, Normandy. Returning to 
England, he entered the Navy, but, being 
ill-used for inefficiency caused by his 
defective eyesight, he quitted the sea, and, 
returning to the Continent, managed to 
pursue his studies at various centres of 
learning, finally spending some tim§ in 
Paris, where he made the acquaintance of 
several English refugees of note. 
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When three-and-twenty, he returned 
again to England, where he followed in his 
father's footsteps by engaging in trade as a 
clothier in a small way of business. At the 
same time he pursued his study of mechani- 
cal contrivances, and invented an ingenious 
letter-copying 'machine. He had qualified 
as a doctor of medicine at Leyden, but, his 
passion for learning remaining unabated, he 
now entered himself at Oxford University, 
where he gained his M.D., engaged in scien- 
tific speculation, and with one or two men 
of like mind began a series of meetings out 
of which the Royal Society was destined to 
spring. As in Paris, so at Oxford, he did 
a good deal of dissecting, was appointed a 
Fellow of his college, then passed over to 
Ireland as Physician-General to the Forces, 
where he effected sweeping reforms in the 
medical service. 

While in Ireland, Petty carried out the 
first properly organised survey of the 
country. Forfeited lands were being 
parcelled out among the English soldiery, 
and to end the disputes as to areas and 
boundaries Petty undertook the survey by 
methods of his own. The work eventually 
developed into a map for the entire island, 
and this he caused to be printed, at a cost 
to himself, says Evelyn, of about £1000. 
He had, however, made considerable profits 
in Ireland, so that he was able to buy him- 
self an estate of £4000 a year, while he 
received a valuable property near Limerick. 
At the Restoration Petty was deprived of 
all his appointments, but was soon recon- 
ciled to Charles II. and his brother, and at 
the incorporation of the Royal Society, in 
1662, Charles knighted him. The Duke of 
York found him a valuable ally for his ship- 
building projects. His most remarkable 
invention in this connection was a double- 
keeled vessel, which Evelyn described as 
“ flat-bottom’d, of exceeding use to put into 
shallow ports, and ride over small depths of 
water. It consisted of 2 distinct keeles, 
crampt together with huge timbers, etc., so 
that a violent current of water ran betweene ; 
it bare a monstrous broade saile.” 

Pepys tells us of the exploits of this 
vessel in a race for a wager with the packet 
from Holyhead to Dublin, and of Petty’s 
offer to race it against any ship the King 
possessed. “ It is about thirty ton in 
burden, and carries thirty men, with good 
accommodation (as much more as any ship 
of her burden), and so any vessel of this 
figure shall carry more men, with better 
accommodation by half, than any other 
ship. This carries also ten guns, of about 


five tons weight. In their coming back 
from Holyhead they started together, and 
this vessel came to Dublin by five at night, 
and the pacquett-boat not before eight the 
next morning.” The ship, which was 
named by Charles II. “ The Experiment,” 
was subsequently lost in the Hay of Biscay 
during a storm in which fifteen other vessels 
were wrecked; but Petty maintained that 
“ the perfection of sayling lies in my 
principle, finde it oute who can.” 

Petty made many contributions to the 
learning of the time, although he could 
hardly have been encouraged by the fact 
that the King merely laughed at the notion 
of his and his associates in science wasting 
their time in “ weighing of ayre.” Among 
his inventions were a new form of land- 
carriage, a forerunner of the bicycle, and 
an abortive attempt at a steamship. He 
founded iron-works, opened lead-mines, 
started a fishery and a timber industry, 
advocated reforms in dyeing and woollen 
manufactures, and became famous as the 
foremost political economist of the day. 
Evelyn has left us a pleasing picture of the 
man who, in the midst of wealth and luxury 
which the tastes of his aristocratic wife 
demanded, would say “ What a to-do is 
here ! I can lie in straw with as much 
satisfaction.” 

The diarist says of his friend : “ There is 
not a better Latine poet living when he 
gives liimselfe that diversion ; nor is his 
excellence less in council and prudent 
matters of state ; but he is so exceeding nice 
in sifting and examining all possible con- 
tingencies, that he adventures at nothing 
which is not demonstration. There was not 
in the whole world his equal for superinten- 
dent of manufacture and improvement of 
trade, or to govern a plantation. If I were 
a Prince, I should make him my second 
counsellor at least. There is nothing diffi- 
cult to him. He is besides courageous, on 
whfch account I cannot but note a true story 
of him, that when Sir Aleyn Brodrick sent 
him a challenge upon a difference ’twixt 
them in Ireland, Sir William, tho’ exceed- 
ingly purblind, accepted the challenge, and, 
it being his part to propound the weapon, 
desir’d his antagonist to meete him with a 
hatchet or an axe in a dark cellar, which the 
other of course refused. ... He never could 
get favour at Court, because he outwitted 
all the projectors that came neere him. 
Having never known such another genius, 
I cannot but mention these particulars 
amongst a multitude of others which I could 
produce. When I, who knew him in mean 
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circumstances, have been in his splendid 
palece, he would himselfe be in admiration 
how he arriv’d at it.” 

Petty died in London on December 16, 
1678. His widow was created Baroness 
Shelburne. His two sons died childless, and 
the estate passed to his only daughter, who 
married Thomas Fitzmaurice, first Earl of 
Kerry, and was declared by a relative to 
have brought “ into the Fitzmaurice family 
whatever degree of sense may have appeared 
in it, or whatever wealth is likely to remain 
in it.” From this Earl of Kerry and 
William Petty’s daughter descend the 
Marquesses of Lansdowne, who still preserve 
the family name of Petty. 

PINCHBECK AND SON 
Two Useful, Humble Lives 

Christopher Pinchbeck was a Clerkenwell 
maker and repairer of clocks and watches, 
born about 1670. Practically nothing is 
known of his career, though through old 
printed announcements we can trace him 
here and there, from Clerkenwell into Fleet 
Street, in which latter thoroughfare he 
advertised himself as “ inventor and maker 
of the famous astronomico-musical clocks,” 
and announces that “ he maketh and selleth 
watches of all sorts, and clocks, as well as 
plain, for the exact indication of time only, 
as astronomical, for showing the various 
motions and phenomena of planets and 
fixed stars.” He invented clocks that 
played tunes, imitated the notes of birds, 
and furnished automata for providing music 
in churches. There is no doubt that his 
clocks exhibited great ingenuity of structure, 
and one which he made, at. a cost of £500, 
for Louis XIV., is described as having been 
a particularly fine piece of work. An organ 
built for the Great Mogul brought him 
£300, a price which seems not to have been 
excessive for the article. It is an interesting 
commentary on the trading methods of the 
period that this talented man was wont to 
exhibit his wares at fairs, in conjunction 
with a conjurer named Fawkes. 

Today his only claim to remembrance is 
that he invented the useful alloy called by 
liis own name. Pinchbeck. This is a com- 
bination of copper and zinc, and was used 
for toys and timepieces. Pinchbeck is now 
a term of contempt ; but the actual alloy, 
cheap and durable, and therefore despicable 
to the wealthy, was the first metal which 
allowed the poorer classes of this country 
to possess their own watches ; and the 
combination that he employed has been 
fruitful in suggesting other alloys to men of 
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more considerable reputation who have 
followed him. Pinchbeck the elder died 
on November 18, 1732. His second son, 
Christopher Pinchbeck, born in 1710, 
carried on the business founded by his 
father, and invented several useful con- 
trivances, one of which wae valuable — a 
self-acting pneumatic brake for use on 
cranes. He was a particularly skilful maker 
of astronomical clocks, and Ferguson, the 
astronomer, was pleased to work out the 
calculations for some of the wheels he 
employed. Pinchbeck the younger was a 
force to be reckoned with in the days of our 
grandfathers, for his were the candle- 
snuffers by which all the world snipped off 
the spluttering tower of red-hot wick that 
topped the burning tallow. He lived a 
quiet and useful life among his clocks and 
watches and musical automata and the 
alloy that his father had invented. Pinch- 
beck the younger died on March 17, 1783. 

VALDEMAR POULSEN 
The Danish Rival of Marconi 

Valdemar Poulsen, the now famous 
electrical engineer of Copenhagen, first 
distinguished himself in 1899 by inventing 
a wonderful talking-machine. It is called 
the telegraphone, and it is designed for 
recording telephone messages, though it 
can be used as an ordinary sound-repro- 
ducer. It records the voice solely by the 
influence of electro-magnetism on a thin wire 
or a thin sheet of steel. As in a telephone, 
the sound-waves are transformed into a 
varying current of electricity. The current 
flows along a wire placed close to a disc 
or wire of magnetic steel. It magnetises 
the steel so that the steel is able to affect 
a. magnet, and the magnet acts on the mem- 
brane of an instrument similar to an ordi- 
nary telephone receiver. 

The membrane is a thin sheet of metal ; 
and as it vibrates in answer to the force 
communicated to the magnet it sets up 
waves in the air that reproduce the sounds 
of the original speech. At present this 
magnetic phonograph that writes sounds in 
invisible electro-magnetic characters on a 
steel plate is somewhat too costly for 
general use. But it is not unlikely that the 
letters of our descendants will consist of a 
thin disc of steel carrying a spoken message, 
which will be repeated every time the disc 
is placed in a little transmitting instrument. 
Very thin metal sheets can already be made 
that are lighter than paper. 

About the same time that the Danish 
inventor was making his telegraphone, an 
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Englishman, Mr. William Duddell, con- 
structed an electric arc light that sang as it 
flamed. Duddell^ singing arc consists of an 
arc lamp connected with an electric wire 
in the ordinary way. But the wire is broken, 
and a thing called a condenser is placed in 
the path of the w electric current. This gives 
the current a kind of regular unsteadiness. 
The flame of the arc moves backwards and 
forwards between the carbon points, and 
this alternate movement makes it sing. 

While the arc is singing, the electric dis- 
charge between the carbon points sets up 
electric waves that go rippling out into 
space. In 1899 Mr. Duddell found that he 
could obtain by means of his singing arc 
40,000 waves a second. Then Mr. Poulsen 
took up the matter, and by immersing the 
Duddell arc in hydrogen, or coal-gas mixed 
with hydrogen, he obtained a million and 
more electric waves in a second. 

This was the origin of the new system of 
wireless telephony and telegraphy which 
has recently attracted wide notice. By 
connecting a wire from a telephone to a 
powerful electric singing arc, Mr. Poulsen was 
able to speak from Denmark to England, 
for his electric waves were so numerous that 
they reproduced at the receiving station 
near Newcastle every inflexion of the 
human voice. Quite a low current was 
necessary to create a million vibrations a 
second. It is said that in America wireless 
messages have been transmitted for some 
thousands of miles by means of an improved 
instrument, in the construction of which 
Mr. Poulsen has been helped by another 
Danish man of science, Professor Pedersen. 
In the Marconi system the electric wave is 
created by a spark produced by a current of 
high voltage. The waves made by this 
method are too few to carry and reproduce 
all the subtle inflexions of the human voice. 
But only experience can show which of the 
rival systems is better suited in a general 
way for long-distance wireless telegraphy. 

SIR FRANCIS RONALDS 

The Inventor of Telegraphy 

Sir Francis Ronalds was born in London 
on February 21, 1788, and from his youth 
up betrayed the liveliest interest in physical 
science in general, and electricity in par- 
ticular. Like Nasmyth, he was early 
trained to correct draughtsmanship, a fact 
which led in later life to his inventing an 
ingenious perspective-tracing instrument 
of which he was not a little proud. But 
it is as the inventor of a real system of 
electric telegraphy, which was years too 
early for bis times, that be remains known 


to fame. The nearest approach to an 
electric telegraph in existence when Ronalds 
began his work was Soemmering’s, in which 
signals were emitted from twenty or thirty 
wires by means of bubbles of gas arising 
from the decomposition of water during 
the discharge of an electric current. As 
all these telegraph wires were of gold, it 
is needless to say that the instrument was 
as- costly as it was impossible. Ronalds 
made an enormous advance when, in 1816, 
he fashioned an apparatus that transmitted 
every requisite signal with the use of only 
a single circuit. His current was ob lamed 
by means of a frictional electrical machine, 
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and was conveyed through eight miles of 
wire, insulated in glass tubes, and surrounded 
by a wooden trough filled with pitch. 

The method of signalling by pith-ball 
electrometer, though slow, was ingenious 
in the extreme. At each end of the wire 
was a sort of clock-face. Affixed to the 
scconds-wheel of each was a paper disc 
bearing all the letters of the alphabet and 
the ten numerals. Only so much of this 
disc was exposed at a time as to show a 
single letter or figure, this being displayed 
through a small opening as the wheels 
revolved. The clocks at the two ends of 
the wire were set exactly together, so that 
the same letter was exposed simultaneously 
at both ends. The sender, as a certain 
symbol appeared upon his disc, sent an 
electric signal along the wire, and the 
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signal, instantly received at the opposite 
end, indicated to the operator there the 
symbol intended. The installation was 
singularly well thought out, for as a 
preliminary to a message an electric shock 
discharged a small pistol to call attention 
and set the dial at the signal “ prepare.” 

The whole idea was really admirable for 
a first attempt, and Ronalds, though he 
appreciated to the full the fact that this 
was but the first practical step, expressed the 
belief that he would live to see the day when 
the King at Brighton would be able to com- 
municate by telegraph instantly with his 
Ministers in London. He did see his pre- 
diction realised, but not to his own profit, 
for his invention brought him an example 
of fatuous blindness on the part of the 
Lords of the Admiralty which has now 
become, in its own way, as famous as the 
invention which their lordships contemned. 
He was informed, when at last the Ad- 
miralty condescended to notice him, that, 
the war with France being then at an end, 
there was no need for telegraphs of any 
kind, but that in time of war no other 
than the one then in use, the semaphore, 
would be adopted. In the nineteenth 
century the Admiralty were still living in 
the spirit of Armada times, when 

The sentinel on Whitehall gate looked forth into 
the night, 

And saw o’erhanging Richmond Hill the streak of 
blood-red light — 

when bonfires and beacons, and wooden 
telegraphs worked by hand, when the sun 
was up, sufficed to tell the news from 
coast to capital. So Ronalds, in his cheery 
way, bade a cordial adieu to telegraphy ” 
and went upon his travels, a wiser, though 
not necessarily a sadder, man. 

His invention was not wasted. Wheat- 
stone had seen it, and afterwards acknow- 
ledged that he had been greatly indebted 
to the cheerful savant telegraphing with 
might and main through eight miles of 
wire in his Hammersmith garden. Ronalds 
afterwards attained fame as a meteoro- 
logist, and devised a valuable system of 
photographic registration for meteorological 
instruments. The Government never quite 
forgave him for his having been wronged 
by them ; and when, after many years' 
excellent service, he retired from Kew 
Observatory, they awarded him a niggardly 
£75 a y ear pension. When application 
was made to Lord Derby for some recog- 
nition, similar to that accorded to Wheat- 
stone and Cooke, of the services of Ronalds 
to science the request was refused, but 
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Gladstone was induced, in 1871, to bestow 
a knighthood upon him. Ronalds, who 
collected a valuable library of scientific 
works, died at Battle on August 8, 1873. 

CHARLES LATHAM SCHOLE8 
The Founder of the Typewriting Industry 

After Henry Mill, an ^engineer of the 
New River Company, took out a patent 
in 1714 for “ an artificial machine or 
method for the impressing or transcribing 
letters, singly or progressively one after 
another as in writing, whereby all writing 
whatever may be engrossed on paper or 
parchment so neat and exact as not to be 
distinguished from print,” there were 
many attempts to make a typewriter. One 
of the most ingenious of our modem men 
of science, Sir Charles Wheatstone, occupied 
himself with the problem from 1840 to 
i860, and made several experimental 
models. About the same time, mechanics 
in France and the United States tried to 
design a practical writing-machine. 

But it was a printer, with no experience 
in fine mechanical construction, who made 
the modern typewriter. In 1867 Charles 
Latham Scholes, of Milwaukee, Wisconsin, 
was working as a printer, and trying to 
devise a machine for printing in the number 
of pages in bound books. “ If numbers, 
why not letters ? ” said a friend to him. 
Scholes thought out the suggestion. A 
number-writing machine was a fairly easy 
affair, as only ten signs were needed ; to 
write the letters of the alphabet, and figures 
as well, there was required a larger and 
much more complicated mechanism. 
Scholes, however, had invented the most 
important part of the writing-machine — 
the spacing device ; and his friend Carlos 
Glidden, who was an ironmonger of Ohio, 
became deeply interested, and, with another 
man, S. M. Soul6, entered into a partner- 
ship with Scholes for the development of the 
typewriter. 

But when the first crude model was con- 
structed, in 1868, Glidden and Soute tired 
of the matter, but Scholes went on 
working out improvements. His chief 
trouble was that he was not a mechanic, 
and he did his work very roughly. The 
parts fitted badly and worked loosely just 
where combined strength and delicacy of 
craftmanship were of vital importance. 
Happily, Scholes found a man ready to bear 
the cost of continual experiment. Several 
models were built and tested and found 
wanting, until Scholes himself wearied 
of the task. But Densmore, his new backer, 
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was invincibly hopeful. He saw that the 
inventor was slowly working out, by the 
primitive method of trial and error, a 
sound design. 

For instance, Scholes had begun with a 
keyboard like that of a pianoforte, but, 
finding it too heavy, he made the keys lighter 
and arranged them more compactly. He 
improved the action of the converging 
type-bars, and got the carriage to run more 
smoothly. By 1873, after thirty trial 
machines had been laboriously designed and 
still more laboriously constructed, the main 
principles of the modern typewriter had 
been toilfully discovered by the printer of 
Milwaukee. Almost everything of large 
importance was in the machine, but it 
lacked the fine workmanship and the 
exquisite and economical adjustment of 
parts which a watchmaker, for example, 
would have achieved. 

This was pointed out by Mr. G. W. N. 
Yost when he was asked for his opinion 
on Scholes’s last model. He said the 
machine looked as if it had been made by 
a village blacksmith. But the main lines of 
the design were sound ; and for this reason 
Philo Remington, who had a small-arms 
factory at Ilion, in New York, took up the 
invention. Remington had prospered dur- 
ing the Civil War by supplying rifles to the 
Federal army, and he had brought out a 
breechloader of remarkable novelty and 
power. He was a man of inventive talent, 
with the special experience that Scholes 
lacked. A comer of his factory was given 
up to overhauling the design of the type- 
writer ; and, after a year of patient im- 
provement, the remodelled machine was, 
in 1874; placed on the market. 

Naturally, it was still a primitive affair 
in comparison with the best machines of 
the present day. There was only a single 
type at the end of each type-bar ; so the 
writing was done entirely in capital letters. 
And many of the modern ingenious devices 
for increasing the speed and the smoothness 
of working of the machine were lacking. 
But it was a great. advance upon anything 
done by other inventors. It was a practical 
typewriter. It relieved a writer of some 
of the hardest part of the mechanical labour 
of writing, ana journalists and literary men 
gradually found that the new invention 
assisted them in their work. Mr. Yost, 
who had been interested • in the Scholes- 
Remington pioneer machine, was the first 
to produce a rival typewriter — the Cali- 
graph. Then other American inventors 
brought out new varieties of mechanical 
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writers, and as the competition grew keen 
the machines improved in quality and 
increased in number. Scholes made a new 
kind himself, in which the writing was visible 
to the operator, and this device has now 
been largely adopted by other makers. 

ERNST WERNER VON SIEMENS 
A Great Benefactor of Germany 

. Four sons of a farmer of Lenthe, in Han- 
over, the Siemens brothers, have each dis- 
played so remarkable a talent in engineer- 
ing, electricity, and other industrial sciences 
that the entire civilised world is theii 
debtor. The inventions of the eldest 
brother, Ernst Werner von Siemens, arc 
largely responsible for the great and rapid 
expansion of German industry. Born on 
December 13, 1816, Werner entered the 
Prussian Artillery at eighteen, after studying 
at Berlin, and at twenty-three the death of 
the father of the family threw upon him 
the cost of educating his brothers. 

He was especially interested in electricity 
and chemistry, and by a stroke of good 
fortune was imprisoned for six months in a 
military fortress for taking part in a duel. 
Buying some electrical instruments, he 
turned his cell into a laboratory, and quickly 
discovered a method of electro-plating 
vessels with gold. He sold his idea to a 
jeweller, and bought more instruments. 
Then, to his dismay, the governor of the 
fortress entered with a Royal pardon. 
The fame of his invention had spread to 
the Court, and the King had immediately 
ordered him to be set free. 

Werner had no place of his own he could 
turn into a laboratory, and he petitioned 
to be allowed to serve his full term of im- 
prisonment, but this was not allowed, 
and he was ordered to proceed to Spandau 
and make some special fireworks for a 
festival in honour of the Empress of Russia. 
Owing to his knowledge of chemistry, he 
was able to produce some new and wonder- 
ful effects in the way of fireworks, and 
Prince Frederick Charles heard the amusing 
story of his imprisonment, and became one 
of his best friends. 

Werner started an electro-plating business 
in Berlin to help his brothers, and entered 
the Ordnance Department to assist the 
Government in scientific work. His posi- 
tion in Berlin brought him into contact 
with many famous men of science ; and, 
growing ashamed of his small inventions, 
he dropped all this kind of work, and 
devoted himself to deeper scientific study. 
Just as he was working out a new system of 
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telegraphy, he was banished because of his 
liberal opinions in politics. It was of great 
personal importance to him to remain in 
Berlin. So he invented a new kind of 
gun-cotton and sent it to the War Minister. 
It was so good that he was at once pardoned. 

He had discovered that gutta-percha was 
an admirable insulator for telegraph wires. 
By covering a wire with this insulating 
material in a lead casing he made the 
modem form of cable. He also studied 
the curious way in which a current lagged in 
a cable, and devised means for overcoming 
this difficulty. An automatic recorder of 
telegraphic messages, and a system of using 
one wire for two or more messages, were 
among his other discoveries. He was the 
first man to use an electric wire for firing 
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submarine mines, and a fort that he built 
against Denmark defeated a Danish fleet, 
sinking a battleship and capturing a frigate. 
In 1847 he laid the first long, underground 
cable from Berlin, and in the same year 
entered into partnership with Halske. 

When his Government telegraphic work 
was finished, he left the ' Prussian Army, 
and devoted himself to electrical engineer- 
ing. He built telegraph lines for the rail- 
ways, and helped his brother Karl Wilhelm 
to lay the Atlantic cable in 1874 ; and in 
1869 he constructed the vast telegraphic 
line running from Prussia to Persia. He 
invented one of the first dynamos, and built 
and ran in 1879 the first electric railway. 
Endowed with a profound inventive genius, 
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he contributed more than any other man 
to the remarkable progress made by 
Germany in industrial electricity. In 
1886 he gave half a million marks towards 
the foundation of the famous school of 
Scientific Industry at Charlottenburg. He 
died in Berlin, December 6, 1892. 

SIR WILLIAM SIEMENS 

A German Engineer who Helped England 

Karl Wilhelm Siemens, better known 
as Sir William Siemens, was bom at Lenthe, 
in Hanover, April 4, 1823. Helped by his 
brother Werner he studied at Gottingen 
University, and entered a factory in order 
to gain experience in engineering. Against 
his brother’s wish, he resolved not to enter 
the Prussian Army, but to work as a civilian. 
He came to England at nineteen to sell 
Werner’s gold electro-plating invention to 
Messrs. Elkington & Co., of London. The 
English firm had themselves discovered and 
patented an electro-plating system, and they 
told the young German that his brother’s 
invention was simply an infringement of 
theirs. As a matter of fact, Messrs. Elkington 
had really anticipated the methods worked 
out by Werner Siemens. But Wilhelm, seeing 
at a glance the position of matters, replied 
that his brother used a thermo-electric 
battery. Messrs. Elkington wanted particu- 
lars. Werner invented the new kind of 
battery required, on receipt of his brother’s 
letter, and £1400 was given by the English 
firm for it. On this unexpected sum the Sie- 
mens family were, for a time, able to flourish. 

Karl Wilhelm was taken by the freedom 
and stir of English life, and, settling in our 
country, he acted partly as agent for his- 
brother, and partly worked out inventions of 
his own. He had a hard time to begin 
with, for a differential governor that he and 
Werner designed proved to be an ingenious, 
excellent instrument that was not needed 
on a steam-engine. It was afterwards used 
in astronomical work. But the invention 
of a water-meter by Karl Wilhelm, in 1851, 
was a very profitable affair, and put an end 
to his monetary difficulties. In 1856 
another Siemens brother, Friedrich, de- 
signed a regenerative furnace, and Karl 
Wilhelm helped him to improve it and make 
it an engine of revolution in glass-making, 
steel-making, and many other industries. 

In this furnace the coal was placed in a 
producer, and turned into the gas now known 
as Siemens gas. The furnace was a kind of 
open hearth, over which the fierce flaming 
gas played, the gas being mixed with air to 
increase its burning power. In its gaseous 
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form the fuel was more easily controlled, 
and more efficient than when used in the 
solid shape of coal. But of more importance 
and originality were the regenerators which 
formed the original feature of the furnace. 
They consisted of chambers of brickwork 
through which the spent gases escaped. 
When these chambers were well heated by 
the escaping fumes, they were employed to 
warm the incoming currents of air and gas on 
their way to the furnace. The spent fumes 
were then directed into another chamber, 
till this also grew hot enough to warm the 
air and gas. By thus regularly changing 
the outlet and inlet of the furnace, much of 
the heat that was lost through an ordinary 
chimney was saved. 


efficiency of steam-engines. In 1883 the 
English member of the ..Siemens family re- 
ceived the honour of a baronetcy. Some 
months after he died in London, on Novem- 
ber if), 1883. Like his older brother, 
Werner, he took an important part in the 
development of electric power, and was one 
of the first men to obtain a strong electric 
current from falling water by means of a 
.water- wheel and a dynamo. 

SIR FRANCIS PETTIT SMITH 
The Struggle of an Idea 

Francis Pettit Smith, inventor of the 
screw-propeller for steamships, was bom at 
Hythe, Kent, on February 9, 1808, and, 
although betraying from an early age a 
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Working out this idea with a British firm, 
Messrs. Martin Brothers, Karl Wilhelm 
developed a new way of making steel in a 
regenerative furnace with an open hearth. 
The Siemens-Martin process was started at 
Landore, in Wales, in 1857. The modern 
steel-built ship is one of the results of the 
Siemens-Martin process. 

Karl Wilhelm also introduced, many 
years before this, the principle of using the 
spent fumes from an engine furnace to heat 
the steam on its way from the boiler to the 
cylinder. Though this idea was not fully 
carried out at the time, it has since proved 
of great importance .in increasing the 


marked talent for mechanical invention, 
particularly as applied to steamboats, began 
liis career as a grazing farmer. As such, 
after an initial venture at Romscy, he 
settled down at Hendon, where he had the 
reservoir of the Old Welsh Harp for his 
experiments. It would be possible to cite 
nearly a score of names as pioneers of the 
screw propeller, but Smith had only one 
practical rival, Ericsson, and it is certain 
that he knew nothing of what other men 
had planned or attempted. Although in 
1834 he made a successful working model of 
a little vessel driven by a screw which was 
actuated by a spring, and a year later 
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improved considerably upofi this, it was 
not until 1836 that he troubled to patent 
the idea. 

It was lucky for him that he did not 
longer delay, for Ericsson patented his own 
screw-propeller six weeks later. Smith, 
convinced of the value of his invention, 
secured financial support, and, soon after he 
had patented it, produced a little ten- ton 
vessel, with a six h.p. engine, with a wooden 
screw of two complete turns. During an 
early trial trip, th.e propeller struck an 
obstruction in the water, and knocked off 
half the length of the screw. The vessel 
immediately shot ahead at a much improved 
pace, and Smith was quick enough to realise 
the importance of the hint. He fitted 
the vessel with a screw of half the former 
dimensions, and away he went, down the 
Thames and out on a stormy sea, to Dover, 
Folkestone, Hythe, and home again, in the 
little ten-tonner that was to change the 
whole style of ship-driving. 

The attention of those British mandarins 
the early nineteenth century Lords of the 
Admiralty was first drawn to the screw 
propeller by Ericsson, who got them aboard 
a vessel fitted with one, and so clearly 
demonstrated its superiority over the 
paddle-wheel that students of the history 
of the period will not be surprised that their 
lordships reported themselves “ very much 
disappointed with the result of the experi- 
ment/ 1 Presumably they would have been 
satisfied with it only had it failed. Ericsson 
went off to America, and the field was left 
clear for Smith, as in poetic justice it 
should have been. But engineering opinion 
was against him. ; * 

The paddle-wheel had come to stay, they 
said. Sir William Symonds, an honest, pig- 
headed relic of other ages, averred that with 
a screw a ship could not be steered ! As 
this gentleman happened to be surveyor to 
the Royal Navy, and hated steamships in 
general, and in particular denounced iron 
ships as “ monstrous,” Smith naturally had 
a difficult task to move the mountain against 
which his faith was pitted. The Admiralty 
asked for more evidence, and a little com- 
pany was got together and built a wooden 
vessel. It was the “Archimedes,” pf 237 tons, 
equipped with eighty h.p. engines, and 
a screw propeller. Only five knots’ speed 
was demanded by the Admiralty ; the 
" Archimedes ” did ten. She carried an Ad- 
miralty expert to all the chief ports in 
Britain, to Holland and Belgium, and to 
Oporto, across the Bay of Biscay. Brunei, 
who was building his iron steamship the 
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“ Great Britain,” at the time, was so well 
pleased with the new scheme that he gave 
orders to convert her from a paddle steamer 
into one driven by a screw propeller. It is 
worth noting here that this vessel, the first 
considerable craft to adopt the screw pro 
peller, was that which called'mto existence 
the famous Nasmyth hammer for a paddle 
crank-shaft that never came into being. 

At length, in 1841, the first British war- 
ship with a propeller was laid down; but 
although she was of less than 900 tons, so 
lukewarm was the interest in her that her 
building occupied rather more time than is 
now allowed for a super-Dreadnought. And 
when she had satisfactorily passed all her 
trials, the Admiralty mandarins could not, 
would not, believe, until they had hitched 
her tail-to-tail with the paddle-steamer 
“ Alecto,” and set them to pull one against 
the other. As the “ Rattler ” hauled the other 
straightway into harbour, there remained 
not a shred of hope left to opponents of 
the reform, and twenty warships embody- 
ing the new idea were ordered, with Smith 
in charge of the business of fitting them 
with screws. 

But he had not been allowed a bloodless 
victory. The little company formed to 
exploit his invention lost £50,000, and 
Smith, when his association with the Navy 
ceased, departed with so little in his pocket 
that he was glad to go back to the land and 
delve again for a living. Palmerston 
awarded him a £200 pension, and a place 
was found for him as a curator of the Patent 
Office Museum at South Kensington. Ship- 
builders, learning of his losses and straitened 
circumstances, raised a subscription of 
between two and three thousand pounds for 
him, and, nearly a generation after he had 
established the success of his invention, he 
was knighted. 

Smith wrought a revolution in shipbuild- 
ing of steamships greater than anything else 
achieved in relation to them. We could 
never have had our ocean liners of size and 
speed but for the indomitable will of this 
simple, grazing farmer. As Robert Stephen- 
son said : “ Mr. Smith worked from a plat- 
form which might have been raised by 
others, as Watt had done, and as other 
great men had done, but he made a stride 
in advance which was tantamount to a new 
invention. It is impossible to over-estimate 
the advantages which this and other coun- 
tries have derived from his untiring and 
devoted patience in prosecuting his inven- 
tion to a successful issue.” Smith died at 
South Kensington on February 12, 1874. 
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JAMES 8TARLEY 
Inventor of the Safety Bicycle 

James Starley was born at Albourne, 
Sussex, on April 21, 1831, the son of a 
farmer, for whom he began work on the 
land at nine yejirs of age. It was, however, 
not his ambition “ to be a farmer’s boy,” 
and while in his early youth he tramped to 
London and gained employment, first as a 
gardener at Lewisham, and afterwards with 
a firm of sewing-machine makers. Having 
improved his master’s machines, he made 
one of his own, and betook himself to 
Coventry, where his invention was manu- 
factured by a firm created to exploit his 
idea. The same firm, for which he acted 
merely as managing foreman, carried out a 
succession of improvements effected in the 
bicycle by Starley. He did not invent the 
bicycle — the idea was old before Starley 
was born — but he made the machine one 
which could be ridden with comfort and 
with speed. The old “ ordinary ” evolved 
under his skilful hands. He gave the 
machine the small hind wheel, and the step 
on the backbone by which the rider 
mounted ; he devised methods of steering 
undreamed of before ; and lie created the 
modern type of wheels. 

Leaving his old firm, Starley formed a 
little company of his own, and for this 
invented the tricycle. History has records 
of other forms of three- wheeled contrivances 
for self-propulsion, but Starley ’s was the 
first real tricycle. The machine, enormously 
popular before the invention of the safety 
bicycle, as the modern cycle was originally 
named, has been almost entirely superseded 
by the two-wheeled machine, but part of 
its mechanism, the balance or differential 
gear, exists as a vital principle of the motor- 
car. The invention was Starley’s. The back 
axle of the motor-car, like that of his 
tricycle, turns with the wheels. The 
differential gear allows one road-wheel to 
revolve more rapidly than its fellow when 
the car is turning a corner or meeting 
inequalities of the road. Starley’s steering 
systems for the tricycle, too, paved the way 
for the motor-car engineer. The motor-car 
is the offspring of the tricycle and the gas- 
engine, and Starley, on the cycle side of 
the mechanism, is one of its ancestors. 

Coventry owes to him entirely its proud 
position as the centre of the cycle and 
motor-car industry, for that industry fol- 
lowed where the cycle, with its army of 
expert engineers, had begun. Starley died 
at Coventry in June, 1881 , and his memory 

perpetuated by a monuitient in the town. 


GEORGE STEPHENSON 
The Founder of Railway Travel 

George Stephenson was born at Wylam, 
near Newcastle, on June 9, 1781, the second 
son of a colliery engine-minder. His father 
earning but twelve shillings a week on which 
to keep a large family, the child was put to 
work when of very tender years. He worked 
as a herd-boy at twopence a day, a sum 
which he doubled by hoeing turnips and by 
other farm work before being taken into the 
colliery at fourteen years of age as assistant 
fireman to his father. 

The housing problem in the North of 
England is not new ; when George and his 
elder brother James were both at work as 
assistant firemen, the two younger boys as 
coal-pickers on the banks, and the two 
sisters were old enough to assist their mother 
with the household duties, the entire family 
— parents and six sons and daughters — lived 
and slept in a cottage of one room, with 
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only the bare clay for floor. Hut in those 
surroundings the idea of the steam loco- 
motive germinated in the brain of George 
Stephenson. It did not soon reach maturity. 

Stephenson passed through various grades 
of work with colliery engines, and, the better 
to acquaint himself with their mechanism, 
he was wont to take them to pieces in his 
spare time, as a child dismembers a clock- 
work toy to see how the wheels go round. 
There was a good deal of knowledge con- 
cerning steam-engines in the world at this 
time, but it was beyond the reach of 
Stephenson, who could neither read nor 
write. He had nearly reached manhood 
before he first went to a village schoolmaster 
to be taught his three R’s. When he first 
drew twelve shillings a week the honest 
fellow declared himself “ made for life,” 
yet, to supplement his modest earnings, he 
added the mending of boots and of watches 
and clocks to his labours. At twenty-one he 
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married a comely farm-lass, who, before she 
died, in 1806, became mother of Robert 
Stephenson, in whom the genius and 
virtues of his father lived again. 

The first concrete evidence of the talent 
of Stephenson was manifested in his inven- 
tion of the miners* safety- lamp. Almost 
simultaneously that of Sir Humphry Davy 
appeared, and there was a bitter contro- 
versy between the partisans of the two 
inventors as to which might claim priority. 
Of course, the two lamps were independently 
made, the same profilem being solved on 
different lines. Stephenson, in 1818 , re- 
ceived a public testimonial and a gift of 
£ 1000 in recognition of the merit of his 
invention. But much water flowed under the 
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bridges between the perfection and recogni- 
tion of the lamp ; and in the meantime 
Stephenson had passed through dire 
poverty, its poignancy enhanced by the 
difficulty of educating his little son and sup- 
porting his now destitute father and mother. 

It is interesting and suggestive to recall 
that at this time the man who was to enrich 
the world with the steam railway was 
drawn for the militia. Had he not been 
able to borrow £6 and buy himself off, he 
might have been sent as food for powder in 
a Continental war, when the world must 
have waited indefinitely for its railways. 

While Stephenson was at work on his 
safety-lamp, the owner of the Wylam Col- 
liery was seeking to introduce steam 
haulage into his mine. He was not success- 
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ful, but Stephenson induced the pro- 
prietors of the Killingworth Colliery, when 
he was now engaged as engine- wright, to takt 
up the problem, and for them he con 
structed, in 1814, his first engine, “ M\ 
Lord.** This ran along the tram-road^ 
of the colliery, and haulett a thirty-tor 
load up an incline at the rate of four mil^ 
an hour. A second and third locomotivt 
followed, and in 1815 he first applied tin 
steam-blast, invented by Gurney. Tlu 
locomotive engine became an establishes 
success from that hour. 

Stephenson realised, as none of the othei 
pioneers of the steam-engine did, that raib 
were necessary for the wheels of the engine 
and when he learned that the project foi 
connecting Stockton and Darlington b\ 
tram-road for the carriage of minerals hac 
at last been sanctioned, he went to EdwaiV 
Pease, the chief promoter, and laid befon 
him a scheme for engines instead of horses 
Pease eventually agreed, and Stephensoi: 
was appointed engineer of the line. 

His gains from the safety-lamp now 
stood him in good stead, for with these, re 
in forced by the capital of Pease and part 
ners, he was able to establish locomotivt 
works at Newcastle. 

The line was begun in May, 1823, and on 
September 27, 1825, was opened to tlu 
public. The train which inaugurated tlu 
service consisted of six waggons, carrying 
coal and flour, and one coach for passengers. 
George himself was the driver of the engine. 
A man with a flag, and mounted upon a 
a horse, undertook to patrol the line in 
front of the train ; but Stephenson, aftei 
getting his engine nicely warmed up, “ let 
her out,** routed his flagman, and steamed 
off at fifteen miles an hour. He delivered his 
goods at Darlington, and returned, not 
empty, but with 600 passengers clinging like 
flies to his little train. 

The abundant success of the Stockton 
line did not convince critics of the feasi- 
bility of the railway idea, but the history of 
the contest of conflicting interests, of the 
almost incredible opposition that he had to 
face when the Liverpool to Manchester 
line was mooted, of his famous cross- 
examination before Parliamentary Com- 
mittees, of the trial and victory of the 
little four-ton Rocket, which did her thirty 
and more miles per hour, of his building the 
line across the formidable Chat Moss, and 
of the triumphant opening of the railway on 
September 15, 1830 — all this is the familiar 
history of the school-book. 

In all the railways that followed. Stephen- 


GROUP 4-TRANSFORMERS OF KNOWLEDGE INTO POWER 


son, until his withdrawal from business, 
was either engineer or expert adviser. He 
gave Europe the first of her lines. Sternly 
setting his face against the railway mania, he 
lived to see systems radiating in all direc- 
tions from the parent lines which he had 
established. Riches came to him, and he was 
able, during the last few years of his life, to 
enjoy ease and leisure, with his son already 
as famous as himself as a maker of engines 
and builder of railways. Stephenson, who 
to the end of his days retained the en- 
gaging simplicity and unfeigned modesty 
of his early years, died at Tapton House, 
near Chesterfield, on August 12, 1848. 

ROBERT STEPHENSON 
Builder of Bridges 

Robert Stephenson, only child of George 
Stephenson, was bom at Willington Quay, 
near Newcastle, on October 16, 1803, and 
grew up to be at once the friend and 
comrade of his father and his co-pupil. To 
educate his boy the elder Stephenson 
mended docks and shoes and made lasts 
for the local cobblers ; he cut out the 
clothes that the boy wore, and turned a 
further honest penny by acting as cutter- 
out for the clothes of the colliers, which 
their wives made up. When Robert, aged 
twelve, rode daily to and from Newcastle, 
whither his father sent him, mounted upon 
a donkey, to school, it was in a suit of 
clothes of his father’s fashioning. George 
had the lad made a member of the New- 
castle Literary and Philosophical Society, 
and the learning that Robert gleaned there 
during the May he would impart to his in- 
comparable father at night ; and while 
Stephenson senior would do his best to 
instruct his fellow-pitmen in the mysteries 
of the earth’s rotundity and the laws of 
gravitation, little Robert would seek to 
induct them into the intricacies of algebra. 

When he was sixteen Robert was ap- 
prenticed to the under-viewer of the mine, 
and served three years to the mysteries of 
managing a colliery. Then his father sent 
him off for a three years’ course to Edin- 
burgh University. In order that his father 
might share his advantage, Robert 
taught himself shorthand, took verbatim 
notes of all the scientific lectures he at- 
tended, and upon his return home during 
vacations faithfully read them over to his 
sire. At the end of his university course he 
assisted his father in surveying the Stockton- 
Darlington line, in establishing the New- 
castle factory, and in the preliminaries of 
the Liverpool to Manchester venture. A 


breakdown in health caused him to accept 
the offer of a situation in Colombia, where 
he had charge of gold and silver mines. 
Hearing, however, from Pease that the 
Newcastle factory had fallen upon evil 
days, he set out for England, intending to 
carry out on the way a rough survey of the 
isthmus of Panama, with a view to testing 
the practicability of cutting the canal for 
which the world has had to wait until 1913. 
He did not reach Panama, but he had the 
good fortune to meet Richard Trevithick, 
returning penniless from a mining venture, 
and to be able to lend him £50 to get home. 
The ship by which they journeyed was 
wrecked, but eventually Stephenson reached 
England, and, hurrying to Newcastle, 
arrived in the very nick of time. 

He swiftly sorted out the tangle into 
which affairs had degenerated through the 
absence of himself and his father, and was 
able to lend the latter exactly the assistance 
needed for perfecting the Rocket in readi- 
ness for the historic trial of rival locomo- 
tives. It was an opportune arrival indeed, 
for when Robert set foot in England 
the only other man in the country who 
was seriously advocating steam locomotive- 
engines for the Liverpool and Manchester 
Railway was his own father. Those who 
did not cry out for horse-power, or for 
greased roads with cog-rails, demanded 
atmospheric-engines, or power from com- 
pressed gases or stationary engines. Of 
course, there was no looking back after the 
Rocket’s trial. Robert comes prominently 
into the history of that famous engine. It 
was constructed under his supervision, and 
he worried out the plan of the fire-tubes by 
which she got her greater power and speed. 
Thereafter, practically all the improvements 
in the Stephenson engines came from 
Robert, who, after assisting his father in 
the construction of one or two of his lines, 
became a railway builder on his own 
account, and gave us, in the London and 
Birmingham system, the first railway to 
enter the capital. 

Stephenson became famous as a builder 
of bridges. He himself invented the system 
upon which the tubular plate bridge for the 
Menai Straits was constructed. It was in 
its time one of the world’s wonders, and 
upon the strength of it he built a still 
greater, over the St. Lawrence, at Montreal, 
which at that day was the longest bridge in 
existence. Other of his bridges were the 
Conway, the High Level at Newcastle, and 
the Border Bridge at Berwick. Although ho 
rarely spoke, save upon engineering matters, 
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Robert Stephenson was elected to Parlia- 
ment for Whitby, which seat he represented 
for the last twelve years of his life. The fine 
story of the affectionate relations between 
George and Robert Stephenson has its 
parallel in those subsisting to the end be- 
tween the Brunels. The two younger 
engineers crossed swords in amicable pro- 
fessional duels, and in Robert Stephenson 
the younger Brunei found his stoutest, and 
successful, rival, in the opposition to his 
temporary affection for the atmospheric 
railway, and in the battle of the gauges. 

But there was a kink in even Robert 
Stephenson's well- trained mind. The Suez 
Canal had no more formidable opponent 
than the talented engineer who helped to 
give the railway world its railways, and 
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who wanted to cut a canal through the 
isthmus of Panama. Robert Stephenson, 
whose health was probably undermined by 
his experience of Colombian fevers, died, 
in his fifty-seventh year, at his house in 
London, on October 12, 1859. 


WILLIAM SYMINGTON 
The First Practical Steam Navigator 

William Symington, inventor of the first 

E :tical steamboat, was born at Leadhills, 
arkshire, in October, 1763, and, being 
intended by his father—a miller with a bent 
for mechanics— for the ministry, was edu- 
cated at Glasgow and Edinburgh Univer- 
sities, The son however, had a greater 

5956 


inclination for mechanical invention than for 
the pulpit, and engaged himself as mechanic 
at the Wanlockhead Colliery, in Dumfries- 
shire. With the assistance of his brother, 
Symington fashioned a steam-engine for 
road locomotion, and while in Edinburgh, 
trying to arouse interest in c the invention, 
met Patrick Miller, of whose experiments 
with a boat which should be propelled by 
paddles mechanically operated, instead of 
by oars, we have already read in the lives of 
Henry Bell and Robert Fulton. Symington 
suggested his steam-engine as the prime 
mover, whereupon Miller built a boat, and 
in it installed one of Symington’s engines. 

In October, 1787, the grand experiment 
was tried with success upon Miller’s private 
lake. The engine drove the paddles by 
means of chains and ratchet-wheels, and 
Miller was so well satisfied with the per- 
formance of the small boat that he had a 
second and larger constructed, for which 
Symington designed much more powerful 
engines, but upon the same. plan. Not until 
these experiments had run their course, 
and the boat had developed a speed of seven 
miles an hour, did designer and owner 
realise that the chains and ratchet scheme 
was too clumsy for a boat. Miller drew out, 
hard hit financially. Symington went on 
and found a new patron and a new method. 

The new friend was Lord Dundas, 
Governor of the Forth and Clyde Canal, 
and for him Symington constructed a steam- 
boat in which the power of the piston was 
delivered, by a connecting-rod, directly to 
the paddle- wheel shaft. Details have since 
been improved, but the principle "Still holds 
good for all paddle-steamers today. It was 
for Lord Dundas that Symington built his 
famous “ Charlotte Dundas.” Henry Bell, 
the future father of steam navigation in 
Europe, was engaged in the task of building 
the boat. Robert Fulton was a passenger 
during one of the vessel’s trial trips, had 
her mechanism explained to him by 
Symington, and carried the idea across the 
Atlantic to embody in his first successful 
vessel, the “ Clermont.” 

The " Charlotte Dundas,’’ steaming against 
a strong wind, towed two heavy barges a 
distance of. nineteen miles in six hours. 
Symington’s success seemed assured when 
the Duke of Bridgwater ordered eight of his 
vessels. But the Duke died before the order 
could be executed ; the canal company 
decided that the wash from the little 
steamer would destroy the banks of their 
waterway, and Symington’s dreams were, 
tragically shattered. The first practical 
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steamboat was laid up, and allowed to rot 
upon the banks of’ the canal. The inventor 
wandered in poverty to London, and there 
died on March 22, 1831. Bell and Fulton 
reaped where Symington had sown, but 
the glory of the unrequited inventor, 
once revealed, -can never be dimmed. 

WILLIAM HENRY FOX TALBOT 
A Pioneer of Photography 

William Henry Fox Talbot was born at 
Lacock Abbey, Chippenham, Wiltshire, on 
February 11, 1800, and, following Harrow, 
had a distinguished career at Cambridge 
University. He sat for Chippenham in the 
first reformed Parliament, and was a dis- 
tinguished contributor to the scientific 
liteiature of his age, dealing with mathe- 
matical problems, optics, astronomy, and 
archaeology. It was his proud distinction 
to be, with Rawlinson and Hincks, one of the 
first to decipher the cuneiform inscriptions 
on the monuments and other objects 
unearthed by Layard and Rawlinson at 
Nineveh, and so to unlock to the world the 
vast treasury of Assyrian lore and learning. 
Chief of his claims to fame, however, is the 
part he played in the invention of photo- 
graphy. Like the telephone and telegraph, 
photography occupied the attention of 
several men simultaneously. While Daguerre 
was experimenting in Paris, De Niepce was 
groping towards success at Chalon-sur- 
Saone, and Talbot was slowly evolving the 
sensitised paper negative. 

The full story of the invention, and the 
part he played in it, will be found at page 
3486 of th8 present work. Talbot carried on 
his experiments amidst delightful surround- 
ings at Lacock Abbey — “a paradise,” as 
Sir David Brewster wrote ; “ a fine old 
abbey, with the square of cloisters entire, 
fitted up as a residence, its walls covered 
with ivy, and ornamented with the finest 
evergreens.” Here at times the leading men 
of science of the age would gather ; and, as 
Brewster noted, " the only stranger is Tom 
Moore, a most delightful person, full of life, 
humour, and anecdote.” From his ivy-clad 
paradise Talbot obtained some of his first 
photographic results, and sent them to 
Brewster, in whose family they were 
treasured for many years — picturesque bits 
of the old cloisters, leaves, printed pages 
from the library, lace from the treasures of 
the wardrobe. 

Once he had gained his first success, 
Talbot made rapid improvements in photo- 
graphy, securing instantaneous pictures, and 
rendering them permanent'with a gloss of his 


Own devising. He patented his inventions, 
but afterwards gave all to the world, save 
the right of portrait-taking for sale to the 
public. Although the simultaneous appear- 
ance of the daguerreotype and Talbot's 
process led to inevitable disputes and 
jealousy, Daguerre's own countrymen hand- 
somely acknowledged the English scientist's 
invaluable inventions by presenting him 
with a gold medal at the Paris Exhibition of 
1867. Talbot, who was a member of the 
Royal Astronomical Society, a Fellow of the 
Royal Society, and a Royal and Rumford 
medallist, died at his home on September 
17, 1877. He published serially, between 
1844 and 1866, the first book ever illustrated 
solely by photographs. 

NIKOLA TESLA 

Pioneer In Transmission of Electrical Power 

Nikola Tesla is the man of mystery in the 
modern science of electric wave applica- 
tions. Many persons regard him as a 
charlatan of genius, since he announced in 
June, 1900, that he had discovered liow to 
transmit a large electrical force over 
hundreds or thousands of miles without the 
use of wires. There were two grounds for 
the supposition. In the first place, Tesla 
brought into his article, which appeared in a 
popular magazine, a considerable amount 
of pure imagination. He attributed, for 
instance, to the inhabitants of Mars certain 
vague electrical disturbances which are 
traced on the receiving instruments of wire- 
less telegraph stations. In the second 
place, he announced his discovery of 
stationary electric waves without fully 
divulging his methods of experiment. 

He wanted, no doubt, to keep his patents 
rights, in a manner common among ordinary 
inventors, but unusual among men of 
science of the best school. So the physicists 
who would have helped to develop his ideas 
if they had been fully published were 
inclined to regard him with doubt. They 
held that, as his new electrical experiments 
were conducted from an entirely commercial 
point of view, they must be judged entirely 
by their commercial success. 

Nikola Tesla comes of a Servian family 
settled in Smiljan Lika, in Austria-Hungary, 
where the inventor was born in 1857. His 
father was a clergyman in the Greek 
Church, and he wished his son also to become 
an Orthodox priest. The boy graduated at 
sixteen, but, instead of entering the Church, 
pursued the study of electrical engineer- 
ing, and mastered several languages. He 
obtained a position of assistant engineer in 
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the Government Telegraph Engineering 
Department, and soon distinguished himself 
by working out some small practical im- 
provements in telegraphy. 

But Budapest did not at that time offer 
a field of opportunities in electrical industries 
large enough to attract him. So he went to 
Paris, and obtained employment in an 
electric light company. He met there some 
Americans, and learnt from them that there 
were larger chances for an electrical engineer 
in the United States. Tesla at once sailed 
for New York ; and on the day he landed he 
set out to find the laboratory of Edison, and 
offered his services, and was made a member 
of the staff. 

The experience he gained in working 
under Edison was of great value to him, 
but he was a man of too enterprising a 
character to remain long in a subordinate 
position. He made money, and was at last 
able to set up a laboratory of his own. 
Soon he made his name in connection with 
the generation of electricity at the Niagara 
Falls. The chief difficulty was to transmit 
the electric power over a considerable 
distance without losing much of the current. 
To do this it was necessary to turn a slow, 
broad flow of electricity into a thin, swift 
stream of power. An instrument devised by 
Tesla, and called a transformer, effected this 
change, and turned the low-pressure current 
into a high-pressure current. Later on, the 
Tesla transformer became one of the 
fundamental parts of the machinery in the 
production of the electric waves used in 
wireless telegraphy. 

The trouble with regard to the present 
reputation of the famous Servian inventor 
is partly due to the fact that he is a curious 
mixture of an imaginative poet, a keen man 
of business, and an ingenious man of science. 
A first-rate authority on wireless telegraphy, 
Mr. James Erskine Murray, has courageously 
stated that he believes in the new kind 
of stationary electric waves that Tesla is 
still working on. Tesla says he found them 
while experimenting with wireless tele- 
graphy during the season of thunderstorms. 
The waves, he said, were produced by the 
electrical discharge in the atmosphere that 
created the lightning flash and gave rise to 
the rolling thunder. He contends that, by 
transforming an ordinary electric current in 
some remarkable and mysterious way, he 
can produce a powerful electric wave, say, 
a thousand miles away from his transmitting 
station. In other words, he can produce 
stationary electric waves of great power at 
any given point on the surface of the earth. 
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He claims that the force transmitted is so 
strong that it can work machinery. But as 
he has not, after thirteen years’ work, made 
a commercial success of his discovery, it is 
impossible to judge its importance. 

The poet in him has no doubt allowed 
his imagination to riot among the vaguest 
possibilities of this new electric force, while 
his keen, money-making instinct has pre- 
vented him from inviting fellow-workers 
in all parts of the world to collaborate with 
him in developing the use of the new 
waves. This is what Hertz did in similar 
circumstances, and what Tesla would have 
done had he remained in his native country 
and won some professorship in Croatia or 
Bohemia ; but, having become an American 
inventor, he will not give away an idea 
that may bring in him money, and lie 
remains at present content with the kind 
of fame bestowed upon him by American 
reporters of the sensational school. 

RICHARD TREVITHICK 

Pioneer of Steam Locomotion 

Richard Trevithick, a pioneer of Hit 
steam locomotive, was born at I llogan, 
Redruth, Cornwall, on April 13, 1771, the 
son of a mine manager of considerable 
skill in mechanics. Steam locomotion and 
Trevithick were in their cradles in the 
same age. Newcomen’s atmospheric engine 
had long been at work in Cornwall ; Sym- 
ington was experimenting with his steam- 
carriage in Scotland ; Watt was investi- 
gating the properties of steam through the 
agency of one of Papin’s steam cookers or 
digesters ; Murdock was making a littli 
steam-engine travel over the roads of Red- 
ruth ; and when Trevithick was but six 
years old an ingenious Philadelphian, Olivei 
Evans, had actually secured a monopol\ 
from the State of Maryland for the right 
to construct and run steam-carriages or 
the public roads. Before Trevithick got 
seriously to work, the Boulton and Walt 
engines were well established in Cornwall, 
and the best of Cornish brains were directed 
to the task of circumventing the patents, 
It was trying for Watt, but all for the 
good of invention. 

Three-and-twenty years divided youn.e 
Trevithick and William Murdock, but there 
was much in common between the two. 
Murdock, generous and hearty, did not 
hesitate to thrash a bully ; and Smiles 
had it positively from a son of the Scots 
genius that the latter fought a duel with 
Trevithick’s father on account of some un- 
generous act on the part of the latter 
towards Watt. Be that as it may, it is 
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certain that Richard and Murdock had 
no quarrel ; and it was from his experience 
of the older man’s little steam-carriage 
that Trevithick devised his own first 
locomotive. Before that, however, he had 
greatly improved upon the stationary en- 
gine and the pump; and as soon as the Watt 
patent expired, m 1800, he built an effective, 
double-acting high-pressure engine with a 
crank, which was at once adopted for raising 
ore and refuse from mines. Earlier ex- 
periments with steam-carriages .were now 
followed up, and led to the production, at 
the close of 1801, of the first vehicle of the 
kind by which passengers were ever carried. 

In this engine the piston was not only 
raised, but was also depressed by the 
action of the steam. The steam was ad- 
mitted by one port to raise the piston, 
then shut off at the top of the stroke and 
allowed to escape into the *air, while a 
second port opening admitted a fresh 
draught of steam for the down-stroke. 
The only difficulty was that, in spite of 
bellows, Trevithick could not maintain 
draught enough to keep the engine supplied 
with steam. Trevithick conveyed his en- 
gine by ship to London, and patented it, 
taking care to indicate that the engine 
might be used upon tram-rails. He ex- 
hibited his invention in town until it met 
with a slight accident, when it was dis- 
mantled, and set up as a stationary engine 
at an iron foundry. 

Trevithick’s next venture in the like 
direction was made at Pen-y-darran, South 
Wales, where he was engaged to erect a 
forge-engine. Here tram-rails for waggons 
in which minerals were drawn by horses 
existed, and upon these Trevithick deter- 
mined to try a locomotive. The latter 
was built in the company’s forge, and 
turned out complete within a year; and 
[>n February 22, 1804, it ran its first 
journey, hauling seventy men and ten tons 
>f iron, carried in five trucks. Soon after 
wards it drew a load of twenty-five tons. 
The engine had but one cylinder. The 
motion of the wheels was produced by a 
spur-gear, to which was added a fly-wheel 
m one side to secure a rotary motion in the 
rank at the end of each stroke of the piston. 
The steam was carried, by way of a tube, 
mto the chimney. On the strength of the 
latter contrivance it is claimed that Trevi- 
liick was the first to use the steam-blast 
01 his boiler. Smiles discounts the claim, 
vith the remark that the inventor simply 
urned his steam into the chimney in 
M'der to get rid of the nuisance caused 


by throwing the jet into the air. As 
against this we have Trevithick’s letter, 
written at the time, to Davies Gilbert : 
“ The steam is delivered into the chimney 
above the damper. ... It makes the 
draught much stronger by going up the 
chimney.” But he did not realise how 
vital the pinciple was, for he used bellows 
for increasing the draught, and, eleven 
years later, took out a patent for a system 
of • fanners for enhancing combustion. 
There can be little doubt that the true 
steam-blast was the sole invention of 
Goldsworthy Gurney, and that George 
Stephenson’s was the first reasoned appli- 
cation of it to the purpose of the locomotive 
furnace. Even the uncannily astute Erics 
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son used fantastic bellows for his engine 
in the famous Redhill trials — and was 
beaten by reason of their breakdown. 

Trevithick’s engine never got a really 
fair chance. The public highways were too 
vile for the success of his road-carriage ; 
the tram-lines were too fragile for his rail 
way engine, which smashed the rails and 
finally toppled over, never to run again, 
although it worked for many years as a 
stationary engine. But, primitive as it 
was, Trevithick’s was truly the first railway 
locomotive ever built. It was an unsuc- 
cessful copy of Trevithick’s locomotive, 
established at Wylam colliery, that 
Stephenson first saw and improved upon. 
Trevithick built another locomotive, and 
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ran it as a sort of steam roundabout on the 
site of what is now Euston Square, London, 
but an accident to the engine disgusted 
him, and he did no more in the matter. 
Thereafter he devoted himself to im- 
proving stationary engines, and effected 
considerable technical advances; tunnelled 
the Thames for three parts of its distance 
before meeting with disaster ; improved 
the shape and composition of boilers ; 
fashioned the first of steam agricultural 
implements ; went out to Peru to work 
silver-mines with his engines, and was ulti- 
mately brought by a revolution to utter 
ruin. After an adventurous journey home, 
already alluded to in the biography of 
Robert Stephenson,, he reached England, 
and ultimately settled down at Dart ford, 
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where he died, at the Bull Hotel, seriously 
in debt, on April 22, 1833. Only the 
generosity of the mechanics with whom he 
had worked at Messrs. Hall’s establishment 
saved him from a pauper’s grave. Tre- 
vithick was, in expert opinion, one of the 
greatest inventors of all time, but through 
lack of a good biographer his fame has been 
overshadowed by that of men less able. 

ALESSANDRO VOLTA 
The Discoverer of the Electric Battery 

Alessandro Volta, the father of modern 
electricity, was born at Como on Feb- 
ruary 18, 1745. He belonged to an old, 
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noble family of Milan, which had lost most 
of its wealth and power in the general 
decadence that followed the brilliant age 
of the Renaissance. Volta, like many 
Southerners, came to intellectual maturity 
at an earlier age than Northerners of genius. 
When but a boy, he was remarkable for 
the brilliance and versatility of his mind ; 
and after hesitating for some time whether 
to become a poet or a man of science lie 
devoted himself to the study of electricity 
at eighteen, and after some years of work 
brought out a new theory of the Leyden 
jar, and designed an electrical apparatus. 

This work made his reputation, and in 
1774 he was appointed professor of physics 
at Como. He invented more electrical 
instruments, chief among which were two 
kinds of apparatuses for generating elec- 
tricity by induction. His fame spread 
through Europe, and he travelled with it 
to France and England in order to make 
the acquaintance of other students of 
electricity, and find what new work was 
being planned in his special science. But 
it was in his own country that he dis- 
covered the inspiration for which he was 
seeking. Galvani, a professor of anatomy 
at Bologna, thought he had discovered a 
sort of animal magnetism in some ex- 
periments with frogs’ legs. Volta took 
the matter up, and showed that the copper 
skewer and the iron railing, used by Galvani 
in his experiments, were the sources ol 
the electric current that acted on the 
nerves of the dead frogs. 

By clarifying the problem in this manner 
Volta was able to ascertain that electricity 
could be generated by chemical means. It 
took him eight years to work out fully his 
new instrument for the generation of elec- 
tricity. At the beginning of the nineteenth 
century the only way that men knew ot 
making an electric current was by rubbing 
some non-conducting material. Electricity 
was made and studied by means of friction 
machines. The currents so produced were 
interesting from a scientific point of view, 
but they had little or no bearing on the 
conditions of modern civilisation. What 
was needed was some easier method of 
generating electricity. This Volta dis- 
covered by placing a piece of zinc and a 
piece of copper in a vessel filled with 
acidulated water, and connecting the two 
metals together with a wire. Thus was 
made the famous voltaic cell. By com- 
bining several of these cells together an 
electric battery was formed, which, like a 
battery of guns, produced a more powerful 
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effect than a single electric cell. No 
matter how large a single cell is made, 
the pressure scarcely increases. If a large 
pond were cemented and filled with a 
solution of sal-ammoniac, and if two vast 
sheets of zinc and carbon were placed in 
it and connected with a copper wire, the 
pressure of the current so obtained would 
be almost as feeble as that produced in a 
cup of ammoniated water containing a 
small disc of zinc and a small disc of carbon. 
It is by connecting small cells into batteries 
that a powerful current is formed. The 
zinc in one cell is connected by a wire with 
the carbon in the next cell, while the zinc 
is connected with the carbon in the cell on 
the other side ; then, from the wires running 
from the two end cells, a strong current 
can be obtained. The zinc wears away as 
the current is generated, but an unusually 
large amount of electrical energy is ob- 
tained from a pound of this metal by 
modern methods. 

If only zinc were as cheap as coal, or if 
coal were as convenient for use in a battery 
as zinc, no ordinary fires or furnaces would 
now be used. The electro-chemical way of 
generating energy which Volta discovered 
would supply all the power needed in 
modern civilisation. Perhaps a positive 
coal or carbon battery will one day be 
perfected, but at present the difficulty of 
finding some cheap and common clement 
to act with coal prevents this extraordinary 
development of the voltaic cell. 

Volta may be said to be the founder of 
modern electric sciences and industries. 
He supplied the continuous electric current 
by means of which the magnetic needle of 
the electric telegraph was made to move. 
He first domesticated the most subtle and 
fundamental of natural forces. The great- 
ness of his achievement was immediately 
recognised. In 1801 Bonaparte called Volta 
to Paris in .order to see his experiments, 
and nominated him Count and Senator of 
the Kingdom of Italy. Volta resigned his 
professorship three years afterwards, feeling 
too fatigued in mind to go on with his work. 
He published nothing else of importance, 
and died at Como on March 5, 1827. 

JAMES WATT 

Inventor of the Real Steam-Engine 

James Watt was born at Greenock on 
January 19, 1736, the son of a merchant 
shipowner who became chief magistrate 
of his town, but, in the boyhood of his son, 
had his house searched for runaway Prince 
Charlie during the *45 rising. Watt, as a 


delicate child, received his early education 
at home, where he showed striking manipu- 
lative skill with tools, and considerable 
talent for drawing. The story* of his indulg- 
ing in infantile speculations over the tea- 
kettle as to the nature and properties of 
steam is shown by his most sympathetic 
and eulogistic biographer to be nonsense. 
Watt knew nothing of the mystery of steam 
until he had reached manhood, and had 
.learned from Joseph Black the doctrine of 
latent heat. 

At school Watt's schoolfellows made his 
life a misery. Delicate and weakly, he could 
not join their rough games, and the boys 
treated him as young hooligans of our own 
day arc sometimes permitted to treat boys 
unfitted by constitution or temperament for 
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the hurly-burly of strenuous physical effort. 
Not until he reached subjects in school for 
which he had aptitude did he show the 
remarkable mental powers he possessed. 
He proved himself an apt scholar when he 
came to geometry, to Latin and Greek, and 
afterwards became proficient in French and 
Italian, but it was in modelling that he 
exhibited greatest skill ; and it was his sure 
and delicate touch and correctness of work 
in this direction that led to his being put to 
learn the trade of a maker of mathematical 
instruments — most exact of craftsmanships. 

After a brief spell in Glasgow he was sent 
to London to learn his trade of a good man 
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at the business in Cornhill, but a year of 
London atmosphere was as much as his 
feeble health could stand, and he returned 
to Glasgow and attempted to start in busi- 
ness for himself. The Glasgow Hammermen's 
Guild, however, opposed him, on the ground 
that he had not served an apprenticeship to 
the trade, and his prospects were very 
uncertain until friends at the university 
took him under their wing, and appointed 
him instrument-maker to the university. 
It was in this capacity that, in 1764, he 
received for repair the famous model of the 
Newcomen engine with which his experi- 
ments began. Then it was that he first bent 
his energies to mastering the problem of the 
steam-engine as a prime mover, not when 
he sat, an idle, thoughtless child, dreaming 
over the family tea-kettle. The story of his 
work in connection with the steam-engine is 
fully told at page 3605 and subsequent 
pages of this work, and the ground need not 
be covered afresh. Here we may note his 
partnership with Matthew Boulton, and 
removal to the famous Soho Works at 
Birmingham, where his steam-engine was 
evolved. Details of that historic, partner- 
ship, so fruitful of benefit to British inven- 
tion and industry, appear in the biography 
of Boulton at page 4436, and both men come 
into the life-story of William Murdock. 

The asociation of Watt and Boulton was 
most fortunate. Boulton had long been 
experimenting with a steam-engine of his 
own, but along wrong lines. Watt brought 
him the idea which his capital and his line 
works were available 1 to develop. Without 
Watt, Boulton could have had no substan- 
tially improved engine to put upon the 
market. Without Boulton, Watt could not 
have raised the funds necessary to enable him 
to carry on his work. As a fact, the most 
important invention of his life, his condenser, 
remained two years un patented owing to his 
lack of funds. He could raise no money in 
Scotland, and he could lind no competent 
workmen there. He and Boulton perfectly 
complemented each other, and Boulton was 
one of the few men who could have kept the 
nervous, sensitive, suffering inventor on his 
legs. They took the model of their engine 
from Cornwall, and they improved it from 
an atmospheric-engine into a steam-engine. 
Resident Cornislunen. unwilling to pay for 
an improvement of the Newcomen product, 
did their best to profit by the Watt engine 
without paying royalty, and to do so they 
invented new device after new device 
to hide their piracies. Out of evil good 
resulted. The Watt engine was a standing 
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challenge and temptation; and from the 
attempts to better and defeat it came 
engines which carried steam-power-raising 
ahead at a rate never before approached. 

When Watt began work on the ineffective 
Newcomen model at Glasgow University, 
the steam-engine was simply a pump ; 
when he died, Trevithick Bad had two 
locomotives engines at work, and George 
Stephenson had been for two years running 
his first locomtotive, named My Lord, 
hauling loads of coal at Killingworth Colliery. 
All this progress was covered by half the 
years of one whose life linked “ the '45 ” 
with steam locomotion. Watt was the man 
to make it possible. He did not build, 
although he did plan, a steam-carriage, anti 
he discouraged rare William Murdock from 
a similar pursuit. But Watt's engine made 
all things possible. It was not until his 
patent rights expired in 1800 that the others 
could come in without restriction. There is 
a tendency, owing to the abundance of data 
available as to the career of this remarkable 
man, to overrate*, his work, a circumstance 
which has driven some writers to the 
opposite extreme. He is spoken of as the 
creator of the steam-engine. Technically 
he is, but the term conveys a false sugges- 
tion to the forgetful mind. It ruthlessly 
ignores Papin, Savcry, Newcomen, and 
others. They built steam-engines which 
technically were not steam-engines, but 
atmospheric-engines. They employed steam 
to raise a piston, then let gravitation and 
atmospheric pressure do the rest. Watt made* 
steam raise the piston and deliver the return 
stroke as well, so that his truly was the first 
steam-engine. 

His inventive talent displayed itself in 
many other directions. He built a noble 
organ ; he invented a machine for accu- 
rately reproducing copies of sculptures ; 
he gave us the letter-copying press. He 
was a first-rate chemist, and seems, inde- 
pendently of Cavendish, to have discovered 
the composition of water. He invented an 
apparatus for the manufacture of gases ; 
another for proving the specific gravity of 
fluids ; a micrometer ; anticipated a vital 
principle of the motor-car, by what we should 
now term a change-speed gearing for the 
use of steam-carriages on hills, and suggested 
a screw propeller or spiral oar, as he called 
it, for steamships. A man of sound scholar- 
ship, lie was the recipient of many scientific- 
distinctions, and patriotically refused offers 
to establish himself in France and Russia. 
He died at Heathfield Hall, near Birming- 
ham, on August 19, 1819. 
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SIR CHARLES WHEATSTONE 
Measurer of the Pace of Electricity 


Sir Charles Wheatstone was born at 
Gloucester in February, 1802. and learned 
the trade of his father, a maker of musical 
instruments, but at twenty-one was placed 
with his uncle, a London music-seller. He 
was, however, always more interested in 
science than in business, and had been 
but a few months in London when he 
published his first paper on acoustics 
“ New Experiments on Sound.’ 1 This, like 
his subsequent writings on the undulatory 
theory of light, he illustrated by a number 
of ingenious models, which have since 
played an important part in educational 
work. In the transmission of sound he 
made many delicate and beautiful ex- 
periments. One involved the use of a 
piano in an upper room, from which the* 
tones travelled silently through the floor, 
down a wire, to become audible in a lyre 
depending from a cable in the hall below. 
In another, rods of wood passed from a 
cellar to a lecture-hall above. Each rod 
was connected with a separate instrument 
played in the cellar, while the melodies, 
conducted by the rods, reproduced- them- 
selves on the sounding-boards of three 
harps, which thus seemed to play them- 
selves. Wheatstone would have made his 
fortune in an Eastern temple : and it is not 
impossible that some of the “ ethereal 
music ” associated with elaborate modern 
spiritualistic stances lias its origin in 
methods of his contriving. 

Although his demonstrations in this 
matter seemed mere trivialities, his purpose 
was sufficiently serious as a contribution 
to the science of acoustics. Many refined 
and original experiments followed, and 
were made public by Faraday, Wheat- 
stone’s invincible shyness rendering it 
impossible for him verbally to declare bis 
results. He was appointed Professor of 
Natural Philosophy in King’s College, 
London. The appointment was not exactly 
a success. The shy, retiring genius was a 
student, not a teacher, but bis appoint- 
ment had superb, unexpected results. For 
the purpose of his lectures he insulated a 
considerable length of copper wire in the 
cellars of the college, and showed that 
an electric current might be transmitted 
through it. This was not new, for Ronalds 
had performed the same feat with eight 
miles of wire in a Hampstead garden 
eighteen years earlier. But Wheatstone not 
only proved the passage of the current — he 
calculated the pace at which it travels, 


a discovery of vast importance. Then, 
finding that the speed of the current made 
transmission and reception practically 
simultaneous, he applied himself to the 
task of making his wire convey signals. 
Here again he was not originating, for he 
owned himself indebted to the master- 
mind of Francis Ronalds, whose telegraph 
he had seen years before. But Wheatstone, 
joined by Fothergill Cooke, carried tin 
invention slowly to perfection, and did loi 
England the like of that which Morse did 
for America. For a fuller survey of the 
coming of the telegraph the biographies ot 
Cooke, Morse, and Ronalds should be read. 

The first patent was taken out bv Wheat- 
stone and Cooke in May, 1857, " for im- 
provements in giving signals and sounding 
alarums in distant places by means 
of electric currents transmitted through 
metallic' circuits.” I11 those words did the 
partners modestly announce to the world 
their creation of a then unmatched marvel 
of scientific invention. A host of im- 
provements followed, so that Wheatstone 
lived to see tin* telegraph not merely a 
.scientific but also a commercial success. 
Many other inventions stand to his credit 
the stereoscope ; the polar clock which tells 
the hour of the day by the light from the 
sky, even though the sun be obscured ; 
a typewriter ; the rheostat - an electric 
instrument for regulating a circuit so that 
any required degree of force may be main- 
tained ; electrically synchronised clocks ; 
the telegraph barometer, by which an 
observer at the foot ot a mountain can 
read the instruments on the summit ; 
methods of converting dynamic into elec- 
trical force, and so lorth — a prodigious list, 
each important or interesting enough to 
have made him famous. In spectroscopic 
analysis he demonstrated a method of 
discovering the presence oj very minute 
portions of any given metal. He did not 
seek immediate practical application of hb 
discoveries. “ We have here,” he said ol 
the method instanced, “ a mode of dis- 
criminating metallic bodies more readily 
than by chemical examination, which may 
hereafter be employed for useful purposes,” 
a remark cited as typical of his far-sighted- 
ness into the practical utility of a known 
scientific; fact. 

Wheatstone; had a curious hobby -the 
deciphering of hieroglyphics and ciphers. 
He and Lyon Playfair devoted their leisure 
to unravelling the cipher advertisements 
in the ” Times,” and followed with interest 
the communications of an Oxford graduate 
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who felt so sure of his method that he kept 
up a public correspondence in this manner 
with a young lady in London. At last 
he proposed an elopement ! Wheatstone 
thereupon issued a remonstrance in the 
“ Times ” to the lady in the same cipher. 
There followed a despairing appeal to the 
young man, “ Dear Charlie, write no more; 
our cipher is discovered ! ” And the rest 
was silence. Wheatstone, whose degrees 
and distinctions from all parts of the world 
numbered nearly twoscore, died in Paris 
on October 19, 1875. 

ROBERT WHITEHEAD 
Creator of a Monster of the Sea 

Robert Whitehead, inventor of the 
torpedo called by his name, was born at 
Bolton-le-Moors, Lancashire, on January 3, 
1823, and was apprenticed to Messrs. 
Richard Ormerod tit Son, engineers, of 
Manchester, for whom his uncle was 
manager. Whitehead seized every oppor- 
tunity of improving his theoretical know- 
ledge by attending evening classes and 
lectures, and so laid the foundation of that 
rare skill in engineering draughtsmanship 
which remained with him all his life. As a 
young man, he followed his uncle to Mar- 
seilles, whence he travelled to Milan and 
engaged in business on his own account, 
inventing improvements in weaving 
machinery in the silk industry, and patent- 
ing a machine for winding silk from the 
cocoon. Austria ruled in Northern Italy 
at this time, and at the revolution of 1848, 
Whitehead's patents, being Austrian, were 
annulled by the Italians. The latter owed 
him gratitude, for he had designed, built, 
and directed the operation of machinery 
for draining some of the marshes of Lom- 
bardy. Had his patents not been revoked, 
he would have remained in Italy, and the 
most deadly .engine of war would have 
continued unborn ! To Trieste he went, 
and thence to Fiume, where lie built among 
others the engines of the Austrian man-of- 
war the " Ferdinand Max,” which was flag- 
ship at the battle of Lissa. 

In 1866 an Austrian naval officer, finding 
Whitehead a power in haval construction 
circles, took to him the model of a torpedo 
which he had invented. It was simply a 
clockwork boat charged with powder at the 
bows, which could be exploded by a per- 
cussion arrangement on the boat’s striking 
a ship. Whitehead saw the idea was . im- 
practicable, but he realised that if a scheme 
for a real torpedo could be carried out, the 
weapon would be a terrible one — so terrible, 
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he thought and hoped, as to make war im- 
possible. For two years he laboured in 
secret, and then produced his first loco- 
motive torpedo. It was at once lost at sea. 
the only torpedo in the world. Duplicates 
were fashioned, and the Whitehead torpedo, 
first accepted in 1868 by the Austrian Navy, 
was adopted in turn by every Power with a 
strip of sea-coast. Various improvements 
and modifications were effected in course of 
time ; and whereas the earliest torpedoes 
travelled only 600 yards at eight knots, 
and that erratically, those made at the 
time of their inventor's death had a speed 
of thirty-six knots, a maximum range of 
4000 yards, and terribly accurate aim. 

The invention which was to abolish war 
lias failed in its pacific object ; it has grown 
into a monster of vastly evil potentialities, 
so that, although Great Britain is second to 
none in offensive and defensive equipment, 
military critics frankly tell us that it would 
have been well for this country had the 
torpedo never been invented. No other war- 
like invention has created results so pro- 
foundly revolutionary. It has affected naval 
construction, armaments, and tactics. It 
has called into existence successively the 
torpedo-boat, the catcher, the destroyer, 
and the submarine. In armament it has 
necessitated the production of the quick- 
firing gun, with all its developments. On 
the defensive side it has involved elaborate 
net defence, the searchlight, the sub- 
division of the modern warship into a 
multitude of water-tight compartments. In 
tactics it has compelled the opening out of 
action so that operations may be conducted, 
beyond the range of the torpedo, by guns 
of enormous power and range. In strategy 
it has thrown grave doubt upon the power 
of any Navy to carry out a blockade. In 
general preparation for war it has necessi- 
tated the maintenance of boom defences 
and the construction of enormous and 
vastly costly works for the defence of 
anchorages. These, as has been pointed out 
by the “ Times ” military critic, are among 
the palpable developments resulting from 
this invention which was to abolish war, an 
invention still in its infancy ! The inventor, 
who was the recipient of many foreign 
decorations, established works in England, 
as well as a huge establishment at Fiume, 
and during his later years had a charming 
estate at Paddockhurst, Sussex. He was 
described as “ modest and retiring, but 
genial ; unobtrusively benevolent, full of 
loving-kindness.” He died at Beckett Park, 
near Shrivenham, on November 14, 1905. 
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ELI WHITNEY 

An Invention which Riveted the Chains of Slavery 

Eli Whitney, inventor of the cotton-gin, 
was horn at Westboro*, Massachusetts, on 
December 8, 1765, and, partly by teaching, 
partly by manual labour, managed to 
educate himself at Yale College, where he 
graduated at twenty-seven. Afterwards he 
went to Georgia, where he was befriended 
by the widow of the Revolutionary General 
Greene, and by her lie was introduced to 
cotton planters who were anxious to secure 
a mechanical means of separating cotton 
from its seed. Whitney, who had a genius 
for mechanical invention, quickly evolved 
his famous cotton-gin. It was extraordin- 
arily effective for the purpose, and was 
created by tools of the inventor’s own 
fashioning. Like the Nasmyth hammer it 
was an invention to order, produced with 
ajmost incredible celerity. The success of 
the machine in effect was that whereas by 
the old hand method only from five to six 
pounds of cotton could be cleaned per day 
by one person, through its use one person 
could clean 1000 pounds of cotton a day. 

Whitney, as was usual with the inventors 
of his era, had ill luck with his machine. 
Unscrupulous rivals broke into his premises, 
stole his model, and spread gins of their 
own making broadcast. He had long and 
costly legal battles to establish his patent 
rights, and the expenses swallowed the 
profits and grants made him in respect of 
the contrivance. He therefore established 
himstlf at what is now Whitneyville, near 
New Haven, Connecticut, as a maker of 
firearms, secured important Government 
contracts, introduced the system of sub- 
dividing labour and the standardisation of 
parts, and realised a fortune, but not 
from the machine with which his name will 
always be associated. 

The cotton-gin, one of the most important 
of all the contrivances connected with cotton 
manufacture, produced results which none 
could have foreseen, good in enormously 
extending supplies of raw material for 
manufacturers ; monstrously evil in a 
totally unexpected direction. The commer- 
cial results may be estimated from the 
exports of cotton to England. In 1792, the 
vear before the cotton-gin was invented, 
English imports of American cotton 
amounted only to 138,000 pounds; in 
1795 they totalled upwards of 9,000,000 
pounds, and in 1801, eight years from the 
appearance of the gin, 20,000,000 pounds 
of cotton. So far, good. But a deplorable 
thing now happened. Prior to the advent 
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of the cotton-gin American opinion had 
been doubting the morality, the economy, 
and the expedience of slave labour. Con- 
gress declared that no more slaves should 
be imported into any of the thirteen States ; 
and Vermont, Pennsylvania, Massachusetts, 
and other States abolished slavery. 

The retention of slaves was not worth 
while, seeing that a man could clean but 
five pounds of cotton a .day. Cotton was not 
profitably to be cultivated save in Oriental 
countries where labour was less costly than 
the maintenance and supervision of slaves. 
Slavery was therefore slowly dying a natural 
death throughout America. But with tin* 
appearance of the cotton-gin all was 
changed so far as the commercial aspect of 
slavery was concerned. With 1000 pounds 
of cotton cleaned per day, a slave became a 
great revenue-producing institution. Cotton 
planters flocked to the Southern States, and 
the demand for slaves grew enormously. 
Slaves from States which could not grow 
cotton were transferred to those which 
could, and the cotton planters settled down 
to hold their slaves “ for ever,” as they 
hoped. The terrible Civil War was fought 
for the right of certain States to secede 
from the Union. They desired to secede 
only in order that they might retain their 
slaves, whose labour the cotton-gin alone 
had made a source of great profit. 

Thus a simple invention — a toothed 
cylinder, a grid between whose interstices 
the teeth pass to tear the lint from the seeds, 
to let the latter fall on one side of the 
machine and the lint on the other — this 
toothed wooden cylinder and grid and a 
revolving brush to remove the dfibris 
added incalculable millions to the wealth 
of the world, and yet kept, a people in bond- 
age for nearly seventy years. When the 
Civil War broke out, of the twelve million 
inhabitants of the Southern .States, every 
third person was a slave, and the cotton-gin 
had raised the value of the latter to £350 
per able-bodied slave. When the Con- 
federate Army took the field it was to fight 
for the ownership of black flesh and blood, 
valued at between £250,000,000 and 
£800,000,000, a value fixed by the cotton- 
gin. Whitney died at New Haven on 
January 8, 1825. 

THE MARQUIS OF WORCESTER 
Inventor of the First Steam Engine 

Edward Somerset, sixth Earl and second 
Marquis of Worcester, was born, probably in 
1601, at Worcester House, in the Strand, 
and was educated privately at home and 
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on the Continent. In the wars of the 
Commonwealth he was secretly com- 
missioned by Charles 1. to raise armed 
forces in Ireland and in Europe for the 
subjugation of the kingdom, but upon 
discovery of the scheme was disowned 
by his faithless master. So he fled to the 
Continent, was proscribed and suffered con- 
fiscation of his estates. Reduced to abject 
poverty, he risked all and returned to' 
England, and was imprisoned for two years 
in the Tower. At the Restoration he 
claimed that he had disbursed over £900,000 
in the Royalist cause, and recovered a share 
of his lost estates. His pronounced 
Romanism prevented him from gaining 
Court influence, and he is chiefly interesting 
to posterity as the author of a puzzling 
book, his “ Century of the Names and 
Scantlings of Such Inventions as at present 1 
ran call to mind to have tried and per- 
fected." The book, written in 1655, and 
first printed in 1663, has been repeatedly 
republished, but to this day experts cannot 
agree as to what relation the matter 
published bears to the actual inventions. 

Some of the entries are condemned, as, for 
example, that in regard to shoithand, on 
the score that shorthand had long existed 
before the Marquis was born. That is no 
proof that he did not invent a system with 
the belief that it was the only one extant. 
Then it is urged that Somerset's details 
are too vague to be accepted; no one could 
ronstruct the machines he described from 
the particulars he gave. If that argument 
were to pass unquestioned, we should have 
to apply it to scores of other inventors of 
proved ability. 

Worcester's " Century of Inventions " 
covers a variety of ground, such as ciphers, 
signals, automata, and various mechanical 
appliances, some of them absurd or im- 
possible, some apparently bombastic pre- 
tence. But the sixty-eighth makes its 
author for ever famous. It describes “ an 
admirable and most forcible way to drive 
up water by fire." Worcester seems first 
to have tested his appliance at his home, 
Raglan Castle, before the war ; to have 
nursed the idea during all the years of his 
troubles ; to have perfected it, theoretically, 
while a prisoner in the Tower ; and finally 
to have carried it into effect at Vauxhall. 

It is passing strange that the historians 
cannot agree as to whether the inventor 
really had his steam-engine in existence or 
not. Robert Hooke, who visited this 
Vauxhall ** college for. artisans," spoke 
( >f it as “ one of the perpetual -motion 


fallacies," but was not improbably wrong. 
1 here did exist in the Marquis's equipment 
a so-called perpetual-motion machine, 
and possibly this may have been con- 
founded with the steam-engine. For in 
1663 Samuel Sorbiere saw and described 
what he termed the “ hydraulic machine 
which the Marquis of Worcester has 
invented," and six years later the Duke of 
Tuscany saw it at work. 

Of course, all relics of the first machine 
have vanished, and investigators have even 
searched the dead man’s tomb for traces 
of the model. It perished, as other first 
forms of machinery perished. The Marquis 
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of Worcester worked a steam-engine from 
which he hoped to make a fortune. As the 
engine described in his book is a reall> 
admirable contrivance, it is surely but 
logical to assume that the one which 
raised water to a height of forty feet at 
Vauxhall was of the same type with the 
one outlined in his 11 Century of Inventions." 
There seems no doubt that this Royalist 
nobleman was really the father of the 
first steam-engine made since Hero per- 
plexed his contemporaries in old Alexandria 
two thousand years ago. The Marquis of 
Worcester died in London on April 3, 1667, 
and it is said that his engine continued to 
work until three years after his death. 


» 
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VISCOUNT TOWNSHEND— THE STATES- 
MAN ON THE FARM 

WILLIAM TUKE— WHO INTRODUCED KIND- 
NESS FOR yHE INSANE 

MR. AND MRS. SIDNEY WEBB - QUIET 
REVOLUTIONISTS 

JOSIAH WEDGWOOD -THE KING OF 
ENGLISH POTTERS 

VISCOUNT TOWNSHEND 
The Statesman on the Farm 

C harles, second Viscount Townshcnd, 
was born at Rainham, Norfolk, in 1674, 
and, with Sir Robert Walpole, liis junior by 
two years, and future rival and successor in 
office, was educated at Eton and King’s 
College, Cambridge. It is one of the greatest 
ironies of public life that Townshcnd, a 
profound scholar, and one of the most 
considerable figures in Europe for a number 
of years, is today of absolutely no account, 
yet as “ Turnip Townshend ” he is im- 
mortal ! Charles II. and the future J ames I. 
were his godfathers ; he entered the House 
of Lords as a Tory, became a great Whig, 
helped to negotiate the Act of ‘Union 
between England and Scotland, and all the 
great treaties between the United Kingdom 
and the various Continental Powers with 
whom we had relations ; was Prime 
Minister, and had the gift of all the offices 
of State: helped materially to effect the 
seating of the House of Hanover on the 
throne of Britain ; made Walpole his 
Chancellor of the Exchequer, and was in 
turn ousted from the first place by the 
younger, more able, and thrustful man. 
But it all goes for nothing today. He went 
to Hanover and brought back a turnip, and 
that now is his claim to fame ! 

Wearied of public life, he retired, dis- 
appointed, at sixty-four, to spend the short 
remainder of a long career upon his land at 
Rainham. His public career was not with- 
out influence upon his agricultural practice. 
He was in Hanover, as Secretary of State 
under George I., when he noticed the en- 
lightened methods of cultivation practised 
in his sovereign’s native land. In particular 
lie noted the prosperity of the farmers who 
cultivated turnips. He brought back with 
him turnips and a scheme. English hus- 
bandry had reached a crisis. The old method 
of tillage still survived, in which, of all the 
land in cultivation, one-third had to lie 
fallow ^ every year to prevent it from 
becoming exhausted. Of all the cultivable 
and ln the country, one-third was always 


WILLIAM WILBERFORCE — THE GREAT 
EMANCIPATOR 

WILBUR AND ORVILLE WRIGHT — THE 
FIRST MEN TO FLY 

ARTHUR YOUNG— PIONEER WRITER ON 
AGRICULTURE AS A SCIENCE 

COUNT FERDINAND ZEPPELIN —TIIE 
FATHER OF DIRIGIBLE AIRSHIPS 

idle for this reason. Consequently food was 
scarce for man and beast, and the reduc- 
tion of available land necessarily limited 
the scope of labour. Townshcnd brought 
back the Hanoverian system of tillage. He 
quietly introduced the system with his 
turnips at Rainham ; and without any Act 
of Parliament, without any international 
treaty, without advertisement or procla- 
mation, he began a complete revolution of 
agricultural methods in this country. 

As a statesman he was a mere name to 
the generality of the men and women of his 
own age ; as an agricultural reformer he 
was a saviour. He established a system 
of agriculture which for ever associates his 
name with the turnip, and his native 
Norfolk with that of the four-course rotation 
of crops. It was for these improvements 
that he abandoned the lustre of a Court and 
the glamour of participation in international 
policy. Arthur Young, who by his writings 
first elevated agriculture to a science, is 
qualified to speak of Townshcnd, for he 
himself made 3000 argicultural experi- 
ments, all unsuccessful, and brought him- 
self to ruin as a farmer by his plans. He 
could appreciate the success of others, 
though he could not himself attain it in 
practical husbandry. 

“ The importance of embassies,” he 
wrote, “ of vice-royalties and seals, is as 
transitory as that of personal beauty, and 
the memory of this lord (Townshend), 
though a man of great abilities, will in a 
few ages be lost as a minister and statesman, 
and preserved only as a farmer.” The 
prediction, written a century ago, has been 
entirely realised so far as the great bulk 
of the people of this country are concerned. 

Townshend the statesman docs not 
matter, but, as the originator in England of 
the four-course rotation of crops, Turnip 
Townshend may yet be canonised by a 
grateful generation of farmers. What his 
innovation has meant to the country in 
hard cash and increased food-supply only a 
statistician with the scientific use of the 

imagination can justly estimate. Lord 
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Townshend died at Rainham on June 21, 
1738. As a statesman he is described as 
choleric, vindictive, and honest ; as a 
farmer, energetic and inventive. From his 
system developed the possibilities of raising 
the cattle and sheep which have made 
England pre-eminent as the source of the 
world’s finest live-stock. 

WILLIAM TUKE 

Who Introduced Kindness for the Insane 

William Tuke was born at York in 1732, 
of Quaker parents. As a member of the 
Society of Friends, he was interested in 
various philanthropic objects, and travelled 
a good deal in search of further knowledge 
for the amelioration of human suffering. 
In the course of his travels he saw some- 
thing abroad of the methods of Philippe 
Pinel, the French doctor who was then 
trying to do something for the insane. 
For many ages, 11 Dark,” " Middle,” and 
" Modern,” the insane had been treated 
with what Shakespeare tells us is the only 
darkness — ignorance. They were held to 
be possessed by the devil, or devils, and 
horrible cruelty was the accepted method 
of dealing with them. William Tuke saw 
enough to convince him that humanity was 
the best method, even from the purely 
medical and practical standpoint, for dealing 
with the insane. He returned to York, and 
founded in York the world-famous asylum 
which he and his helpers called the Retreat. 
This was first proposed by him in 1792. 

At the Retreat the patients were treated 
kindly — not as devils or criminals, but as 
patients. Chains and unnecessary restraints 
were abolished. The incessant use of 
drastic drugs and of bleeding was dis- 
couraged — a very bold step in itself ; and 
the great success of the Retreat, under the 
wise and kind management of William 
Tuke and his son Henry, ultimately led to 
reform throughout the country. When all 
honour is paid to medical pioneers like 
Pinel and Esquirol in France, and to 
Conolly at Hanwell, we must acknowledge 
the Retreat, founded by William Tuke, as 
the first humane asylum for the insane. 

Much legislative interference on behalf 
of these unfortunate people followed upon 
the revelations made by William Tuke, 
and he lived to sec his principles and his 
practice acknowledged and honoured every- 
where, even by the medical profession, 
whose traditional methods he had so 
signally and successfully flouted. The 
Retreat remained under his care, and that 
of his son, until his death, and has been 
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under the care of the Society of Friends 
since. It is what it always was, but, thanks 
to itself, has ceased to be remarkable. 

William Tuke died in 1822, but he 
founded a family which forms part of any 
true biographical record. His son Henry, 
already named, had a son £amuel (1784- 
1857), who was a notable writer on the care 
of the insane ; and a second son. the late Dr. 
Daniel Hack Tuke (1827-1895), who was 
one of the greatest alienists of his time, 
edited the “ Dictionary of Psychological 
Medicine,” and wrote a book, only now 
beginning to be appreciated, “ The Influence 
of the Mind Upon the Body.” 

MR. AND MRS. SIDNEY WEBB 
Quiet Revolutionists 

Mr. and Mrs. Sidney Webb are linked 
together here as among the most substantial 
social workers, on literary lines, in our 
generation. They have been both recorders 
and inspirers. Mr. Sidney Webb was born 
in London on July 13, 1859, and educated 
in London, Switzerland, and Germany. 
Before he was twenty he was a junior clerk 
in the War Office. Presently he became a 
Surveyor of Taxes, then entered the Colonial 
Office, where he remained till he took 
an active part in voluntary administrative 
public life, in 1891, as a member of the 
London County Council. 

He first became known to the public as 
one of the most active and able members 
of the Fabian Society. In 1892 he married 
Miss Beatrice Potter, a daughter of Mr. 
Richard Potter, chairman at one time of the 
Great Western Railway Company, and a 
sterling friend of Herbert Spencer. Mrs. 
Webb herself was so dear a friend of the 
great philosopher that he expressed a wish 
that she might be present when he died. 
She was born in 1858. She participated in 
the work of Charles Booth while he was 
bringing together the materials for his 
" Life and Labour of the English People.” 
Before her marriage Miss Potter had 
acquired a sound knowledge of . industrial 
conditions, and had written the story of 
the " Co-operative Movement in Great 
Britain.” Mr. Webb founded, in his younger 
days, the London School of Economics and 
Political Science, and was himself an 
honorary lecturer on Political Economy at 
the City of London College. 

Since their marriage both Mr. and Mrs. 
Webb have done fine service on various 
Commissions — the husband, who is a 
barrister, on the Trade Union Law Com- 
mission, Departmental Committee on the 
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Technological Institute of South Ken- 
sington, Agricultural Settlements and Emi- 
gration, Territorial Army, and Census of 
Production ; while Mrs. Webb was a 
member of the Royal Commission on the 
Poor Law (1905-9), and is hon. secretary of 
the National Committee for the Prevention 
of Destitution. Before his marriage Mr. 
Webb had written on 44 Socialism in Eng- 
land ** and 44 The Eight Hours Day/* and 
since has collaborated with his wife in a fine 
series of books which tell of social progress 
or of the historical organisation of English 
life. Thus the two have written a 44 History 
of Trade Unionism/* on 14 Industrial De- 
mocracy/* 44 Problems of Modern Industry," 
a 44 History of Liquor Licensing," and a 
series of books on the story of English 
Local Government, surveying it in all its 
historical developments from the ancient 
manor to the modern city. Lastly, the 
Webbs were responsible for the Minority 
Report of the Poor Law Commission in 
1909, which promises to lead up to the 
reorganisation of national methods of deal- 
ing with the dependent poor, young and old. 

Great numbers of people are engaged, 
more or less loosely, in examining and ‘dis- 
cussing and trying to influence such move- 
ments as are mentioned in the books written 
by the Webbs — the most intimate socio- 
logical and economic questions of the world 
up to date. But here arc two observers 
who, with great knowledge, literary skill, 
scientific judgment, and a sane sympathy, 
are collating the records of these tendencies 
and present-day phenomena, and are trying 
to lay solid bases for future developments. 
The most significant work they have done, 
with a breadth of outlook that has made it 
entirely independent of political partisan- 
ship, is the preparation of the Minority 
Report on the Poor Law problem. We arc 
in the midst of a quiet revolution in the 
treatment of the poor, diseased, and un- 
fortunate, which will end in the abolition of 
the workhouse as it has been known in the 
past, and the substitution of far more 
humane, scientific, and remedial forms of 
organised help; and the people who, more 
than any others, have shaped this move- 
ment and given it weight, intelligence, and 
conscience, are Mr. and Mrs. Sidney Webb 

JOSIAH WEDGWOOD 
The King of English Potters 

Josiah Wedgwood was born near Burslem, 
Staffordshire, and baptised in the parish 
church there on July 12, 1730. His life is 
briefly reviewed and his work estimated on 
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pages 983 -86 of the present work. Some 
few supplementary biographic details may 
here be added. It has been shown how, from 
an early illness, he suffered from an injury 
to the right leg, and how, during all the years 
in which his struggles for success were in 
progress, the pain and disability of his 
handicap hindered him at his work. Not 
until he had borne this injury for twenty- 
seven years did he screw his courage to the 
sficking-point and have the maimed limb 
amputated. The boy left school at nine, but 
was all his life a student, interesting him- 
self especially in chemistry. Probably he 
did not, to the end of his days, know as much 
of his favourite subject as the average 
seventh-standard boy of today, but he 
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knew marvellously how to apply such know- 
ledge as he had mastered. He served an 
apprenticeship to his elder brother Thomas, 
who was not altogether enamoured of the 
youngster's passion for experiment and 
original design and methods, so that, at the 
completion of his term of service, Josiah 
was glad to transfer himself to the service of 
outsiders. Living frugally and studying 
hard, Wedgwood felt justified, when he was 
about eight-and-twenty, in setting up a 
little establishment of his own. 

He was now free to experiment as he 
would. He yearned to better the processes 
which he had been compelled in the main to 
follow. In order to do so he had to revolu- 
tionise workshop practice, to insist upon 
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cleanliness and order, to demand exactness 
of work, to teach his men to be artistic 
potters instead of mere thumpers of wet 
clay. It was a great triumph for him when 
he was able to produce wares in which lids 
fitted, spouts poured, and handles could be 
held. But he was striving for a better type 
of ware than any yet known to England, 
and the story of his efforts reads likfe a 
modification of that of Bernard Palissy. In 
essaying the improvement of the ordinary 
cream-coloured ware, he considered with 
minute attention every detail of the body, 
glaze, form, and ornament. There have 
been few happy accidents in the history of 
pottery, and Wedgwood found himself 
baffled again and again. The ordinary goods 
that he sold were so much better than those 
of his neighbours that he could have made 
a very comfortable living without further 
improvement, but the artist was stronger 
in him than the instinct of commerce. He 
worried on through trial after trial, doggedly 
persevering in face of every failure. One 
kiln after another was pulled down, his 
biographer tells us, in order to correct some 
defect or effect some necessary improve- 
ment. His losses from this source alone 
were at this time very heavy, and the ware 
itself was frequently destroyed before he 
could bring his firing processes to the right 
temperature necessary to secure the ade- 
quate result. His chemical combinations 
often completely puzzled him, and his 
experiments, both in body and in glaze, 
would, after the greatest care had been 
expended in their preparation, turn out utter 
failures. He had to invent, or, failing that, 
to improve, every tool, instrument, and 
apparatus, and to seek for smiths and 
mechanics to work under his guidance. He 
often passed the whole day at the bench 
beside his men, and in many cases instructed 
them individually. 

Unwearied and indomitable in spirit, he 
persevered, and success came, complete and 
abundant. The famous cream ware, lighter, 
brighter, and more beautiful than any 
pottery ever before made in England, was 
his, and the artist, without sacrificing one 
whit of his love for his art, became a factor, 
and a phenomenally successful factor. 
There was a ready market for his products 
on the Continent and in America, as well as 
in England. The success of the Wedgwood 
ware was helped by his appointment as 
Royal Potter to Queen Caroline, through 
whose patronage it became known as 
" Queen's ware." The inventor had a 
shrewd suspicion that its phenomenal 
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success was not wholly due to its intrinsic 
merit, for he wrote of it to Thomas Bentley, 
whom he had taken into partnership : " It 
is really amazing how rapidly the use has 
spread almost over the whole globe, and 
how universally it is liked. How much of 
this general use and estimation is owing to 
the mode of its introduction, and how much 
to its real utility and beauty, are questions 
in which we may be a good deal interested 
for the government of our future conduct ; 
for, if a royal or noble introduction be as 
necessary as beauty to the sale of an article 
of luxury, then the manufacturer, if he con- 
sults his own interests, will bestow as much 
pains in gaining the favour of these advan- 
tages as he would in bestowing the latter." 

As against this exposition of worldly 
wisdom, let us glance at the more ideal 
aspirations animating Wedgwood in the 
pursuit of his calling. He writes, also to 
Bentley, in proposing the partnership to 
him : " If you think you could really fall 
in love with and make a mistress of this new 
business, as I have done, I should have little 
or no doubt of your success ; for, if we con- 
sider the great variety of colours in our raw 
materials, the infinite ductility of clay, and 
that we have universal beauty to copy, we 
have certainly the fairest prospect of en- 
larging this branch of manufacture to our 
wishes ; and, as genius will not be wanting, 
I am firmly persuaded that our profits will 
be in proportion to our application. I am 
as confident that it would be, beyond com- 
parison, more congenial and delightful to 
every particle of matter, sense, and spirit 
in your composition to be the creator, as it 
were, of beauty rather than merely the 
vehicle or medium to convey it from one 
hand to another." 

It is unnecessary to follow Wedgwood 
through all the details of the career which 
now opened out to him ; these belong of 
right to the history of ceramics, and may be 
consulted in earlier portions of the present 
work. It is but just to say that he em- 
bellished and, indeed, revolutionised every 
branch of pottery and earthenware manu- 
facture in which he engaged. He took a 
large share in the industrial development 
of Staffordshire. His own works at Etruria 
became a centre of industry from which the 
fame of English pottery was carried to all 
parts of the civilised globe. When the 
Empress of Russia ordered two dinner-ser- 
vices from the Wedgwood establishment, 
paying some fifty guineas for the actual 
ware and forty times as much for its deco- 
ration, the staple trade of Staffordshire 
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became universally celebrated. Wedgwood’s 
prosperity enabled him to speak with a 
voice of authority upon such matters as the 
internal communications of his native 
county; and the building of the Grand 
Junction Canal, uniting the Mersey, the 
Trent, and thd Severn, was largely brought 
about by his sage counsel, while he himself 
was able, at thirty-five, to give £500 for the 
making of roads, as well as to make a 
generous contribution towards the founding 
of a second free school for Burslcm. 

Wedgwood died at his home, Etruria Hall, 
on January 3, 1795, leaving a fortune of 
half a million, fairly earned, as his epitaph 
records, by means which " converted a rude 
and inconsiderable manufactury into an 
elegant art and an important part of 
national commerce.” Married when thirty- 
four, he became the father of three sons and 
four daughters. The eldest daughter be- 
came the mother of Charles Darwin. 44 If 
such speculations are permissible,” says 
Sir Francis Darwin in his biography of his 
illustrious father, 11 we may hazard the 
guess that Charles Darwin inherited his 
sweetness of disposition from the Wedg- 
wood side. 1 ’ It was another Wedgwood-- 
Emma, granddaughter of Josiah— who 
became the great naturalist’s wife. Her 
father, the younger Josiah Wedgwood, was 
indirectly responsible for 44 The Origin of 
Species.” Darwin’s father regarded this 
second Josiah as 44 one of the most sensible 
men in the world,” and, after he had 
refused Darwin’s application to make the 
“ Beagle ” voyage, relented when Josiah 
declared that the youth should make the 
trip. 44 The voyage of the 1 Beagle ’ has 
been by far the most important event in my 
life, and has determined my whole career,” 
the naturalist afterwards wrote. So we 
must think with kindness of the wise, strong 
man whose word made the voyage and its 
immense results a possibility. 

WILLIAM WILBERFORCE 
The Great Emancipator 

William Wilberfor.ee was born at Hull on 
August 24, 1759, the son of a wealthy old 
Yorkshire house, and after a career at Cam- 
bridge, in a 44 port and prejudice ” atmo- 
sphere, where tutors and Fellows did their 
best to make him a lazy, conceited prig, was 
plunged, by family influence, into a life of 
idle gaiety. 41 If Billy turns Methodist he 
shall not have a sixpence of mine,” his 
grandfather had said, when noticing a 
serious trend in the young man’s disposi- 
tion. 44 Billy ” did not turn Methodist 


exactly, but as member for Hull, and after- 
wards for the county of Yorkshire, he found 
leisure to travel with the very man whom his 
grandfather had singled out for the purpose. 
This was Isaac Milner, who had been one of 
his early tutors. With Milner, Wilberforce, 
who from early boyhood had been without 
a father’s care, made a close study of reli- 
gion, and at twenty-five he had definitely 
chosen his course in life ; he began a crusade 
for morality and for mercy and justice to 
his generation. It cannot be said that it 
was at this time that he first turned his 
thoughts to the horrors of slavery, for when 
only fourteen years of age he had written a 
letter on the subject to a York paper. 

The iniquity and barbarity of the system 
were troubling the minds of many men. 
Details of the steps leading to the campaign 
against this blot on the fame of white men 
will be found in the life of William Clarkson. 
Even a cotton planter of the Southern 
States of America would hardly defend 
slavery today, but a marvellous change has 
been wrought in public opinion within the 
last century and a quarter. 

■ When Wilberforce was born, slavery was 
sanctioned by use and wont here in free 
England. Not until the emancipator was 
thirteen years of age was it determined that 
slavery could not exist in Great Britain. 
It is one of the few cases where judge-made 
law has been satisfactorily substituted for 
Parliamentary enactment. Legally, the 
decision was bad ; morally, it was superb. 
The decision was nobly defined in an im- 
mortal sentence of Curran’s : “ The spirit of 
the British law is that liberty is inseparable 
from British soil ; that no matter in what 
language the man’s doom may have been 
pronounced, no matter what complexion, 
incompatible with freedom, an African or 
an Indian sun may have burnt upon him, 
no matter in what disastrous battle his 
liberties may have been cloven down, no 
matter with what solemnities he may have 
been devoted upon the altar of slavery, 
the first moment he touches the sacred soil 
of Britain, the altar and the god sink 
together in the dust.” The decision merely 
gave judicial sanction to the desires of the 
highest public opinion ; it did not really 
express the existing law. 

For slavery was sanctioned in England ; 
it was a part of our national system. The 
land had never been wholly free from it. 
After the Conquest the distinct slave-class 
ceased as such to exist, and was merged 
with the lower order of ceorls into the 
general body of villeins. And slavery had 
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never been abolished by Act of Parliament 
in this realm. The decision in question 
was therefore the noblest example of 
bad law that our courts have ever given us. 
But it left untouched, of course, the scandal 
of the slave trade. That was officially 
recognised. From the time of Queen 
Elizabeth forward it had been a lucrative 
employment for the men who went down to 
the sea in ships. The great “ advantage ** 
conferred upon this country by the Treaty 
of Utrecht was the bestowal upon England 
of the exclusive right to supply slaves to 
the Spanish and Portuguese possessions. 

When Wilberforce came out upon the 
question he was flying in the face of his 
sovereign. The wretched George III. had 
caused a letter to be written to the Governor 
of Virginia directing that that official 
should not, “ upon pain of the highest 
displeasure,” assent to any law by which 
the importation of slaves should be in the 
least altered or limited. The fatuous old 
king had the selfish support of all the 
“ interests/* All our mercantile houses 
were more or less implicated in the traffic, 
and our noble families profited directly or 
indirectly from it. They or their kin had 
plantations in the West depending for their 
prosperity upon the miserable labour of 
their human beasts of burden. 

The history of a preceding age makes 
curious reading — Gladstone defending the 
slave trade ; Shaftesbury passionately 
opposing every human right that the 
Reform Bill proposed ; Peel and Bright 
exerting their influence and oratory to the 
end that the factory-owner and the mine- 
owner might maintain their sacred right 
to treat their employees a little worse than 
the meanest of their cattle ; Sir Joseph 
Banks ridiculing the steamship ; Palmerston 
forbidding the building of the Suez Canal ; 
savants of the Royal Society sneering wire- 
less telegraphy back into its cradle. We 
do well, at times, to question the judgment 
of our leaders. Wilberforce did not question 
it ; he fought it with all his strength, and, 
after a life-long fight, beat his betters. 

The memorial of the campaign’s beginning 
is recorded in a sylvan retreat in Kent. 
Upon a stone seat that invites the 
passer-by to repose beneath an ancient oak 
m Holwood Park — within rifle-shot of 
Darwin’s old home and Lord Avebury’s — 
upon this seat are carved the following 
words : “ I well remember, after a conver- 
sation with Mr. Pitt, in the open air, on the 
root of an old tree at Holwood, just above 
the steep descent into the Vale of Keston, 
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I resolved to give notice, on a fit occasion, 
to bring forth the abolition of the slave 
trade/* The words are extracted from the 
diary of Wilberforce, and mark the opening 
of his long crusade. 

He began by agitating, not for the aboli- 
tion of slavery, but for much Jess. Through 
ill-health he had to get Pitt to move a 
resolution for him pledging the House to 
inquire into the whole question of the 
traffic. The next step was to lead a 
number of public men. down to the Thames 
to inspect a slave-trading ship fitting out, 
and these, having seen the mere vessel, 
induced the Commons to pass a Bill limiting 
the number of slaves a ship might carry. 
Even that slight concession was bitterly 
opposed by the vested interests, but it was 
a valuable gain, for it marked the first step 
towards the great goal sought; It estab- 
lished a principle. 

Reform was opposed at every stage on 
the most insincere and callous pleas. At 
first its opponents said that if England 
abandoned the traffic, then France would’ 
monopolise it, and attain commercial pre- 
eminence. When the French Republic 
denounced the traffic, Anti- Abolitionists 
held up their hands in horror : “ What ! 
Adopt a scheme which would associate this 
country with the infamous ruffians of the 
French Revolution ! '* they said. As the 
battle progressed, conditions for a time 
grew worse, instead of better. England 
was gaining new colonial territories in her 
wars, and African slaves were much in 
demand. The first material advance was 
gained in 1805, however, when, by an Order 
in Council, the traffic with newly acquired 
colonies was prohibited. This was followed 
in the next year by an Act making it 
unlawful for a British subject to trade 
anywhere in slaves, except as regards the 
original British colonies. In 1807 the traffic 
was totally abolished, and successive Acts 
made the crime punishable, first by fine, 
then by imprisonment, next by death, and 
finally by transportation. Nineteen years* 
labour had gone to the securing of this 
reform, and what did all the gains mean ? 
Simply that Britons were no longer allowed 
to capture or acquire their fellow-creatures 
and sell them as slaves. The actual slavery 
itself was left untouched. 

The work had broken the health of 
Wilberforce, and had brought him nearly 
to the end of the great fortune with which 
he had begun. One of his elections, fought 
against the Fitzwilliam and Harewood 
interests, cost Wilberforce £30,006, and his 
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supporters a further £70,000, while the 
unsuccessful candidate, Lord Milton, a 
slave-owner, spent £500,000. But having 
gone so far with their object, Wilberforce 
and his friends thrust forward with the 
question of the abolition of slavery itself, and 
in sixteen years* they achieved this reform — 
that a Government circular was issued to 
the West Indian settlers to the effect that 
they should no*longer flog women, and that 
the use of the whip in the fields must be 
discontinued. 

Our patriots at once threatened to cut 
themselves out of the Empire and make 
themselves independent I In Demerara an 
English missionary, who had sought merely 
to civilise the slaves, was tried by court- 
martial and allowed to die in prison. The 
planters complained that for him to 
“ address a promiscuous audience of black 
or coloured people as * my brethren and 
sisters 9 is what can nowhere be heard 
outside Providence Chapel ! " John Smith's 
martyrdom probably did as much for 
the emancipation of the British slave as 
John Brown's did for the American. 
Wilberforce laboured till the end for the 
work to which he had given his life. He was 
absolutely absorbed in it, so that even his 
own children did not know him, and fled at 
his approach. “ They are frightened of 
strangers," their nurse told him. During 
the last twelve years of his life he sat for a 
smaller constituency than that to which he 
had been accustomed, and before his death 
he gained the crown he deserved. It was 
the announcement that an Act had been 
passed emancipating the slaves throughout 
the British dominions. 

Wilberforce's energies were directed into 
many other beneficent channels, but the 
one work with which his name will ever be 
associated is the striking of the shackles 
from a nation's bondsmen. He died in 
London on July 29, 1833, and was buried 
seven days later in Westminster Abbey. 
" Few men," said Brougham, “ have ever 
either reached a higher and more enviable 
plane in the esteem of their fellow-creatures, 
or have better deserved the place, than 
Wilberforce, whose genius was elevated by 
his virtues and exalted by his piety." But 
the noblest epitaph and monument of all is 
the fact that nowhere to-day in this broad 
Empire of ours, with its thirteen million 
square miles of territory, and its 435 million 
people of every race and language under 
the sun, is there a living soul who is not in 
literal truth as free as the King-Emperor 
who gives them unity by ruling over all. 


KNOWLEDGE AND PROGRESS 

WILBUR ,A nd ORVILLE WRIGHT 
The First Men to Fly 

Wilbur and Orville Wright, of whom the 
latter survives, must be considered jointly, 
for each so sympathetically complemented 
the work of the other that the results cannot 
be judged apart. Wilbur Wright was the 
son of Milton Wright, and was born at 
Millville, Indiana, on April 16, 1867. his 
brother Orville being .the younger. The 
father of the Wrights was an itinerant 
preacher, who became a " bishop " of the 
religious organisation known as the United 
Brethren in Christ. The two boys were 
educated in the schools of Richmond, Ind., 
and Dayton, Ohio, where their parents 
eventually settled. They inherited the fine, 
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simple character of their father, and it used 
to be said of Wilbur Wright : “ There is no 
telling what extraordinary thing he will do 
next ; the only thing you can count on is 
the absolute truth of anything he may say— 
though generally he prefers to say nothing." 
The Wrights had no scientific training, no 
workshop experience, save that acquired in 
their own premises. They began their career 
in partnership as jobbing printers, and from 
that drifted into business, in quite the 
smallest way, as bicycle-repairers. 

No one would have dreamed that a 
revolution in locomotion was to have their 
modest workshop as a cradle. Towards the 
end of the nineteenth century they began 
to experiment with problems as to artificial 
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flight. With Teutonic thoroughness they 
mastered all the knowledge that was to be 
gained by reading of what had been done in 
the same field by others, and with character- 
istic American initiative they applied their 
knowledge, supplemented by entirely new 
ideas of their own, to the production of an 
aircraft unlike anything that had previously 
been produced. Other men were experi- 
menting in the same field, but more with 
a view to dirigible airships. The Wrights 
aimed at a lieavier-than-air machine, to be 
driven by the new, light, motor-engines. The 
idea of the heavier- than -air machine itself 
was not a novelty, for Sir Hiram Maxim 
had already sought the same end with an 
aeroplane fitted with a mighty steam-engine. 
The Wrights were the first to adapt the 
internal-combustion engine to the purpose ; 
to drive by such an engine a light skeleton- 
ised structure, supported by wings fashioned 
on the plan of the pinions of a bird. 

Reference to the chapter on aerial flight, 
beginning on page 1319 of the present work, 
will reveal the steps by which aeronauts 
had been led to acceptance of this principle. 
But the Wrights did not stop into a machine 
modelled without difficulty upon plans 
perfected by their dead predecessors. All 
»vas difficult and doubtful. The present 
writer remembers how M. Santos-Dumont, 
after liis successful journey by dirigible 
round the Eiffel 'Power, genially ridiculed 
the notion of flight, to be achieved by a 
machine modelled on the structure of a 
bird’s wings. “ Would you believe it ? ” 
he laughed ; “ I have a friend who is actually 
studying the wings of all the birds lie can 
get hold of, in the belief that he will be 
able to introduce the idea of a bird's wing 
into a heavicr-than-air machine 1 ” But 
although neither M. Santos-Dumont nor the 
writer witli whom he was chatting knew it, 
these two young American bicycle mechanics 
were at that very time attempting the 
supposedly impossible thing. They worked 
at their plan with extraordinary patience and 
zeal — and good fortune. Month after month 
they experimented with various forms of 
gliding machines, which were little better 
than glorified box-kites. Bunds ran low, 
but, with the spirit of Palissy, they sacrificed 
all they dared to continue their work. 
Their father, a staunch comrade, helped to 
the best of his ability ; their generous- 
hearted sister succoured them from time to 
time out of her scanty savings as a teacher. 

At last they had learned all that was to 
be known from the gliding machine. They 
mastered the secret of balancing by devising 
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adjustable wings on lines already explained 
at the page mentioned. Ultimately they 
risked the great adventure ; they yoked to 
their glider a little motor-engine made by 
themselves, and on December 17, 1903, flew 
for fifty-nine seconds ! In the following year 
the aeroplane made a hundred short flights, 
and in 1905 they on six occasions accom- 
plished air-trips of over ten miles, and twice 
exceeded twenty miles at a stretch. As far 
as possible they kept their trials secret. 
They flew out in the wilds on the coast of 
North Carolina, and for long nobody outside 
the Wright family knew anything of what 
was toward. Then the story began to leak 
out that two mad bicycle-menders were 
flying in America. Yellow Press reporters 
got hold of the matter, and cabled over such 
sensational reports that people in Europe 
came to the conclusion that the American 
bicycle mechanics had never flown at all, 
nor ever would. When Wilbur Wright set out 
for Europe, in July 1908, with one of his 
machines, there was considerable scepticism 
as to his abilities to rise aloft. He established 
himself in a little shed in a field, first at 
Autours, near Le Mans, and later at Pan, 
and prepared to prove their case. The Editor 
of 14 Popular Science,” who was present at 
the flights, wrote as follows of the prelimi- 
naries and the eventual triumph : 

“ All day long the crowds gathered about 
the huge wooden sheds with the great doors. 
From morning till night they waited in the 
fields ; and as the days went by and nothing 
happened, the peasants began to scoff and 
jeer. And then one day the doors of the 
wooden house swung open, and out came 
Wilbur Wright, out came Orville Wright, 
and out came an ungainly machine which 
is very familiar now, but was something 
to laugh at then — a huge thing of wood 
and canvas, of wires and bars and levers, 
running along the ground on wheels. And 
the peasants laughed more than ever. 
This, then, was the thing they had waited 
weeks to see. As the machine was run 
into the middle of the field the peasants 
jeered more than ever. But Wilbur Wright 
cared nothing at all. lie sat down in his 
seat and made ready. ‘ One ! 1 he shouted. 

* One ! 1 jeered the crowd. 1 Two ! ' he 
shouted. ‘ Two ! ’ jeered the crowd. 

1 Three ! ' he shouted, and the crowd 
jeered no more, for Wilbur Wright was 
flying. He came down from the clouds 
never to be jeered at again, for these 
people, belonging to the most emotional 
race in the world, fell on his neck and 
kissed him. They had seen a new chapter 
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open in the history of mankind ; they 
had seen the first man fly.” 

The subsequent progress of the Wrights 
— mainly constructional — is part of the 
history of aerial navigation. Wilbur Wright 
died in his bed, a remarkable circumstance 
considering the -risks he ran and the terrible 
mortality among the devotees of the science 
of which he and his brother were the 
pioneers. He died at his home, Dayton, 
Ohio, from the effects of typhoid fever, on 
May 30, 1912. 

His brother Orville remains to carry on 
the work alone, and has announced a 
discovery by means of which he hopes 
to be able to confer stability upon the 
aeroplane. Considering how unfortunate 
have been the pioneers in most new sciences 
and callings, it is almost surprising to find 
that Wilbur Wright had £00,000 to leave 
at his death. But practically all his earn- 
ings were saved, for he was one of the 
simplest-hearted men that ever lived, 
modest, unassuming, humble-minded as a 
schoolboy. His kindly nature reveals itself 
in one charming phrase in his will, be- 
queathing a sum of money to his father 
for ;such little luxuries as Wilbur, had' he 
lived, would have wished him to enjoy 
The sweet and noble disposition of a 
George Stephenson lived again in the lirst 
man who flew by aeroplane. 

ARTHUR YOUNG 

Pioneer Writer on Agriculture as a Science 

Arthur Young, the farmer-author whose 
works powerfully promoted the study of 
agriculture as a science, was born in London, 
at Whitehall, on September n, 1741. He 
was the son of Dr. Young, a prebendary ol 
Canterbury and Chaplain to the Speaker 
of the House of Commons. He was educated 
at Lavenham Grammar School, and after- 
wards apprenticed to a merchant at Lynn. 
On the death of Dr. Young, in 1759, Arthur 
left that “ most detestable situation ” to 
superintend the affairs of his mother’s 
purely agricultural estate. 

He had already shown a passion for 
scribbling, having written a pamphlet 
“ On the War in North America ” when he 
was seventeen ; and for it the publisher 
gave him ten pounds* worth of books in 
lieu of money payment. Overflowing with 
energy, Young began farming on his own 
account at the age ot twenty-two. Though 
he did not succeed, he persevered, year by 
year, in testing his theories, acquired a 
sound knowledge of his business, and in 
1770 published “ A Course of Experimental 


Agriculture.** During the same period he 
was gathering facts relating to his subject 
while touring the counties of England. 

Young’s brain was teeming with agri- 
cultural ideas. Diarist and annalist, he was 
as ready with a date and a comment as the 
immortal Pepys. Contemporary of John 
Wesley, he was as comfortable in the saddle, 
as tireless in his journeyings, and as saga- 
cious in his observations as the great 
preacher. He rediscovered England in the 
interests of agriculture ; and the soil of 
trance and of Ireland was as familiar to 
him as that of his native land. His pen was 
more profitable than his plough. 

His experiments on his farms were failures, 
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but his writings brought him in thousands 
of pounds. Of epigrams he is a master : 
“ I know not what epithet to give this soil ; 
sterility falls short of the idea : a hungry, 
vitriolic gravel. I occupied for nine years 
the jaws of a wolf. A nabob’s fortune would 
sink in the attempt to raise good arable 
crops in such a country.** And sandwiched 
between solid information and valuable 
suggestions concerning land, landlords, and 
labourers arc trifles of gossip and vivid 
descriptions of scenery, all so alluringly 
compounded that it is no wonder the 
reading of his books should popularise 
farming amongst the upper classes. 

In a single year he published four im- 
portant works, one of them, the “ Farmer's 
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Calendar,' ” had reached its 215th edition 
fifty years ago. The French were so de- 
lighted with his services to their country 
that the Directory ordered his books to be 
translated and published in twenty volumes, 
under the title of “ Le Cultivateur Anglais/' 
while English scientists made him a Fellow 
of the Royal Society. 

“ To the works of Arthur Young,” said 
the chemical philosopher Kir wan, “ the 
world is more indebted for the diffusion of 
agricultural knowledge than to any writer 
who has yet appeared.” And a more recent 
writer affirms that “ the Farmer's 
Letters ” and “ Calendar/' as well as the 
“ Tours,” went far towards laying the 
.foundation of an agricultural literature. 
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His " Tour in Ireland ” is singularly 
useful in supplying data by which com- 
parisons may be made between the condi- 
tions then prevailing and these of today. 
Commerce, prices, character of soils and 
climate, treatment of the poor, absentee 
landlords, all come under review, while 
his incidental description of Killarney has 
found a permanent place in literature. 

His account of his French tour was 
published in two volumes, in 1794, and was 
entitled " Travels During the Years 17S7- 
90 ; Undertaken more Particularly with a 
View of Ascertaining the Cultivation, 
Wealth, Resources, and National Pros- 
perity of the Kingdom of France.” Young 
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speaks disparagingly of French agriculture 
as then practised, and he does not spare 
the aristocracy for neglecting their estates 
and wasting their days at Court. He wit- 
nessed some of the earlier manifestations of 
revolutionary violence. 

Young is often claimed b$r the advocates 
of peasant proprietorships as a supporter of 
their views, but John Stuart Mill, who calls 
him the apostle of the grande culture, 
points out that Young only favoured such 
properties “ when they are not too small ; 
so small, namely, as not fully to occupy 
the time and attention of the family . . . 
He recommends accordingly that a limit 
of subdivision should be fixed by law.” 
Mill, in another passage, describes him as 
" The inveterate enemy of small farms.” 
Still, it must be added that Young fully 
appreciates the moral spur that ownership 
gives to better cultivation and incessant 
labour. His sayings on this subject have 
become proverbial : “ The magic of pro- 
perty turns sand into gold ; ” " Give a man 
secure possession of a bleak rock, and he 
will turn it into a garden ; give him a nine- 
year lease, and he will convert it into a 
desert.” Yet nothing is so hateful to him as 
the French metayer system of farming, 
which he condemns as “ the most miserable 
of all the modes of letting land,” as to 
which many economists entirely disagree. 

In 1784 Young began to edit the “ Annals 
of Agriculture.” The articles were signed, 
and this enterprising journalist secured a 
contribution from George III. (Farmei 
George), who, however, was permitted to 
write above the pseudonym of “ Ralph 
Robinson, of Windsor.” In 1793, on return- 
ing from France, Young was appointed 
Secretary to the Board of Agriculture, with 
a house and £400 a year ; and he was 
largely responsible for many official agricul- 
tural surveys of English counties. He had 
married a sister of Fanny Burney's step- 
mother in 1765. In 1808 cataract affected 
his sight, and he eventually became quite 
blind. He died in London, April 20, 1820. 

COUNT FERDINAND ZEPPELIN 
The Father of Dirigible Airships 

Count Ferdinand Zeppelin was born at 
Manzell, near Friedrichshafen, Lake Con- 
stance, on July 8, 1838, and, after a mili- 
tary training in Germany, found his way 
to America, where he fought in the great 
Civil War, and gained his first experience 
of aeronautics in a bad cause, making 
observations for the Confederates from 
a captive balloon. He returned to the 
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Fatherland in time for the triumph of Prussia 
over France, and was regarded as a highly 
efficient and courageous leader of cavalry. 
He was one of the first two Prussians to 
cross into France, and he fought with 
great gallantry and distinction, attaining 
the rank of general. But it is as the 
inventor of an entirely new military method 
that he comes into the present section of 
this work. When his active fighting days 
were done he turned his attention to the 
problems of aerial flight 

The world still possessed balloons, as it 
nad since the first balloon was sent aloft 
oy the Montgolfiers, but there was still 
nothing better available. The balloon was, 
and is, as much at the mercy of currents 
of the air which carries it as a cork is 
subject to the swing of the tide that bears 
it. Zeppelin asked himself if it were not 
possible to design a vessel new in shape, 
and new, too, in that it should be rigid, 
and that it should be capable of being 
steered against the wind. The problem 
was like that which beset the old naviga- 
tors of the waters when they sought to 
drive a ship against the wind, but with 
this important difference — that a ship, if it 
would not advance against wind and tide, 
did not crumple up ; the balloon would. 

Zeppelin was past his prime when lie 
first conceived the notion of his rigid 
airship ; he had turned fifty, an age at 
which men seldom embark upon the work 
of their life. Yet it was then that he 
began his serious investigations and ex- 
periments. He had to get absolutely away 
from the old design of a pear-shaped bag 
of gas with a basket attached. He had to 
evolve a cigar-shaped or fish-shaped craft 
on lines similar in respect of outline to 
that first employed by Fulton for his 
submarine. That was the first step to- 
wards dirigibility and rigidity. The next 
step was to find the power by which to 
drive the ship. There was Fulton’s sub- 
marine for the shape; there was Otto 
Daimler's internal-combustion petrol-engine 
for the motive power. The first was de- 
cided upon as the result of exhaustive 
experiment; the second was the obvious 
implement of the man who could think. 

We do well to accord unstinted praise to 
our Wrights and Zeppelins for their courage 
and clear-sighted vision, but we must always 
remember that neither Wrights nor Zep- 
pelins could have been heard of in the world 
had not that admirable German mechanic 
Daimler invented the laughable little 
engine which, mounted on a tricycle, first 


snorted along the roads ot Stuttgart, a 
generation ago. Zeppelin was fortunately 
situated, in that the Daimler works were 
established at Stuttgart, where lie had begun 
his education, and so was familiar, from old 
associations and from repeated visits, with 
all that was happening. But Otto Daimler 
could not build him an airship. That had 
to be worried out, detail by detail, in his 
own little workshop. The great thing was 
that here was the motive power ready to his 
hand if lie could adapt it. The outer world 
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knew nothing of his plans until his first 
primitive models began to take the air. He 
endured a bitter novitiate. That he, a lay- 
man, a mere veteran cavalry leader, should 
attempt the solution of the problem 
seemed to the German experts an inex- 
cusable presumption and absurdity ; they 
mocked him, as a host of other inventors of 
earlier ages had been mocked. 

But, with nothing achieved, he declared 
his plans. “ I intend,” he said, “ to build a 
vessel which will be able to travel to places 
that cannot be approached — or only with 
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great difficulty — by other means of trans- 
port, to undiscovered coasts or interiors, 
in a straight line across land and water 
where ships are to be sought for ; from one 
fleet station or army to another, carrying 
persons and despatches ; for observations of 
the movements of hostile fleets or armies, 
not for active participation in actual war- 
fare. My balloon must be able to travel 
several days without renewing provisions, 
fuel, or gas. I must travel quickly enough 
to reach a certain goal in a given number of 
days, and must possess sufficient rigidity 
and non-inflammability to ascend, travel, 
and descend under ordinary conditions/* 

With the residue of his savings, and his 
small pension from the army, and the sale 
of his family estates — for he put to liis work 
everything he possessed — he scraped together 
£30,000 for his experiments. His first real 
airship was completed in two years, and the 
initial ascent was made over Lake Constance, 
on October 17, 1900. A second trial brought 
the machine utterly to grief and collapse. 
He set to work at once on a second. “ Work ; 
do not despair/* he said to his helpers, but 
he himself reached the end of his resources 
before the second ship was finished. In 
April, 1903, it was announced that he had 
come to the end of liis financial tether, that 
his works and plants must be sold, and the 
work abandoned. A few private friends 
came to his assistance, Zeppelin IT. was 
finished, and on October 9 of the same year 
circled and manoeuvred all over Lake 
Constance, and sailed over half a dozen 
towns away to the mouth of the Rhine. As 
one Zeppelin airship differs little in essentials 
from another, a description of this vessel 
may serve for all. The particulars, given at 
the time of the successful flight, may here 
be reproduced, for they indicate the basic 
lines upon which the construction of all 
motor airships mainly proceeds. Dimensions 
differ, of course, and modifications have 
been introduced to meet discovered defects, 
but the following outline serves in general as 
a working idea for all. 

The Zeppelin airship takes the form of a 
cylinder having conical extremities, with a 
total length of 413 feet and a diameter of 
about one-tenth of its length. The frame- 
work is constructed of aluminium hoops and 
ribs, over which silk is stretched. Firmly 
attached to the framework by suspended 
bearings, and braced up to the aluminium 
skeleton, are two cars, likewise constructed 
of aluminium. To increase the stability of 
the body of the airship, two floats, or aero- 
planes, are attached, one at either end. 
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The vessel is driven by two pairs of pro- 
pellers, actuated by two Daimler motors, 
one in each car. These motors work the 
screw propellers, which are fixed in pairs on 
either side of the airship above the car. It 
may here be stated that this possibility of 
employing two cars and twe^ distinct motors 
is an undoubted advantage of the cylin- 
drical pattern adopted for the main outlines 
of the airship. This fact was demonstrated 
on the occasion of the very fiist trial voyage, 
for more than once during the trip the rear 
motor ceased to work, which threw out of 
gear the pair of propellers driven by it. In 
spile of this, however, with only the front 
motor in operation, the vessel continued its 
progress steadily without interruption. Be- 
tween the cars and the ends of the airship 
are the rudders, constructed of aluminium, 
which arc designed to move on fixed axes. 
Special rudders are provided for steering 
right and left, and others for moving up- 
wards or downwards. Between the two 
cars a gangway has been provided, which 
also contains a shifting weight so adjusted 
that by its motion backwards and forwards 
the centre of gravity of the airship can be 
altered at will, in spite of the failure of the 
rear motor, the airship maintained an ave 
rage speed of nearly thirty miles an hour. 

The disasters which have attended various 
airships that have subsequently been built 
by the indomitable Count are a matter of 
common knowledge. Craft have collapsed, 
they have been battered through accident 
in their sheds, they have been dashed to 
pieces in trees into which contrary winds 
have flung them, and one was exploded 
while moored in the track of a thunder- 
storm. Through all his misfortunes Count 
Zeppelin bore himself with the fortitude of 
a truly great man. A national testimonial 
placed £150,000 at his disposal following 
one of his mishaps, and the German Go- 
vernment, after long hanging back, twice 
went to his rescue from other misfortunes. 
He merited the help received, for even in his 
blackest hours of misfortune he scorned the 
thought of appealing for help from foreign 
Governments. The German Emperor may 
have unduly praised the value of the Count- 
inventor's discoveries, but he carried all the 
world with him in his tribute to the genius, 
devotion, and courage of the veteran pioneer. 

It is too soon to prophesy as to the 
ultimate comparative success of the 
dirigible and other forms of aerial vehicle, 
but, whatever may be the success attained, 
Count Zeppelin will be the man to whom 
the credit of origination will be assigned. 
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A THOUSAND SCIENTIFIC BOOKS 

Qf thrf making of books there is, in- group of books is therefore devoted to 
deed, no end, and the rapid growth the development of Thought. The 
of scientific knowledge in our time has following are the ten groups into which 
brought into existence an ever-increas- the books are mainly divided 
ing library of its own. The biblio- n T ' 

graphy is an inevitable consequence of I# r Nlvl ' kSK A * AN 

this growth of# books, and the Editor of 2 ' , R ™ 7* Hkaltii 


Popular Sciknck submits this supple- 
ment to the work in the hope that it 
may prove helpful to students of all 
branches of science. It does not pretend 
to be complete ; it is not claimed that 
the books in this list are the best of 
their kind. Those who use this list, 
however, will find no book in it that has 
not a value of its own. These thousand 
volumes, representing every branch of 
science, would be a splendid equipment 
for any library, and the student who 
has them available has the modern 
knowledge of life and the world at his 
lingers’ ends. 

The books have been chosen from no 
special point of view, and the chief 
condition laid down in the preparation 
of the list has been that every book 
shall be useful and easily available. 
Care has been taken to include cheap 
books, or books not likely to be pro- 
hibitive on account of price, but there* 
are necessary exceptions to this rule in 
any collection J of scientific works. A 
special feature is the large proportion of 
cheap and popular little books which 
will be welcome to the ordinary reader. 
As Popular Sciknck is essentially a 
book for the home, it has been thought 
wise to include certain textbooks and 
schoolbooks. 

The bibliography is arranged, as 
nearly as possible, on the plan of 
Popular Sciknck itself, but it has 
been found desirable to make slight 
changes in this respect. Ten of the 
groups correspond with the groups 
into which Popular Sciknck itself is 
divided, but it was not thought neces- 
sary to include bibliographies of such 
rather wide and vague groups as Power 
arid Industry and Commerce. Books 
coming under these heads are, as a rule, 
quite easily found by those who need 
them. On the other hand, it was felt 
that the bibliography called insistently 
for a section on Philosophy, so closely 
allied to science in every sense, and one 
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3- i-iKK 8. Tum our 

4. Plant Likk 9. Socikty 

5. Animal Likk 10. Euuknics 

A moment’s reflection will show that 
any list of this kind is subject to many 
criticisms, and particularly it must seem 
that divisions such as these are often 
arbitrary, or, in any case, a little loose, 
involving much overlapping. Why is 
a descriptive study of psychology 
under Man and another book on psy- 
chology under Thought? Why must 
we look under Barth for books on elec- 
tricity, side by side with books on the 
sea? Why is a book on tin* Ice Age 
in one section, and a book on the Stone 
Age in another? The answer to all 
such questions as these 1 is sometimes 
that there is no answer, and sometimes 
that these things are merely the ap- 
parent curiosities of any attempt to, 
bring general knowledge into a small 
numberof compartments. It will suffice 
here to say that the divisions have 1 been 
fixed for general convenience, and 
particularly to help those who study 
scientific things on the lines of this 
work. As the number of books is so 
limited it has not been thought neces- 
sary to sub-divide each group, as might 
have beam the case if the list of books 
were longer, but in one or two sections 
an exception to this rule 1 has been made. 

All that is claimed for this biblio- 
graphy is that it contains about a 
thousand useful books on all sorts of 
scientific subjects, with all the essential 
information necessary to obtain the 
books without difficulty. The Editor 
hopes that the usefulness of the list will 
abundantly justify tlie space that is 
given to it, and that a study of these 
books will encourage that love of know- 
ledge which inspired the conception or 
Popular Sciknck, which lies behind 
the editing of it, without which it could 
not have found a public, and to which 
it is hoped that these pages now (‘losing 
have in no small measure contributed. 
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A SHORT BIBLIOGRAPHY OF SCIENCE 

Embracing Brief Synopses of a Thousand Books, with 
information enabling the reader to obtain them easily 


UNIVERSE 

Embracing Astronomy, OH and New. 

A Primer of Astronomy. By Sir Robert S. Bail. 

23fi pages. Illustrated. Cambridge University 
Press . . . . . . . . . . Is. 6d. net 

One of tlie Cambridge Science Primers. It is 
a good elementary textbook for beginners and 
for schools. The author treats of the earth ; 
sun, moon, and planets; gravitation; comets, 
meteors, etc. ; stars and nebulae. Many excel- 
lent illustrations and diagrams. 

A Popular Guide to the Heavens. By Sir Robert 
S. Ball. Illustrated. Philip . . . . 15s. net 

This excellent book for beginners and amateurs 
contains 83 full-page plates, many coloured, 
being charts of the sun, moon, planetary 
systems, tides, seasons, comets, nebulas, the 
Pleiades, the Milky Way, etc., as well as 
sectional maps showing the constellations. 
These plates are beautiful and clear. 

The Story of the Heavens. By Sir Robert S. Ball. 

5(58 pages. Illust rated. Cassell . . 10s. (id. 

A complete popular account of astronomy; 
clear, comprehensive, and interesting. There 
is no better work for those who are beginning 
this study. Sir Robert Ball lias a peculiar gift 
for making scientific subjects dear to the “ man 
in the street,” and is not in bondage to any 
narrow theories. 

The Story of the Sun. By Sir Robert S. Ball. 361 

pages. Illustrated. Cassell . . . . 7s. (id. 

A large work, admirably illustrated, giving .a 
full account of knowledge with regard to the 
sun up to the time of publication. The book 
forms a valuable companion to Professor 
Young’s work on the same subject. 

Mars and its Canals. By Percival Lowell. 384 
pages. Illustrated. Macmillan . . 10s. 6d. net 

This popular work give's the history of dis- 
coveries with regard to Mars, which have 
followed one another from 1840 to the present 
day ; describes the chief surface features of the 
planet, such as the polar caps, and discusses 
its probable climate. One half of the book 
is devoted to the “canals,” which Mr. Lowell 
believes to he watercourses surrounded with 
vegetation. He brings forward strong evidence 
that these are the work of intelligent beings. 
The Evolution of Worlds. By Percival Lowell. 

262 pages. Illustrated. Macmillan . . 10s. 6d. net 
Describes the birth of a solar system in con- 
nection with the appearance of a new star. Tells 
the story of the initial disaster that occurred to 
our own system, explains the formation of 
planets in their self-sustained and sun-sustained 
stages, and deals with the events that lend to 
the death of a world. 

The Ether of Space. By Sir Oliver Lodge. 156 

pages. Illustrated. Harper. . . . 2s. fid. net 

A short book, describing the nature and pro- 
perties of the ether. Necessarily somewhat 
technical, but enabling the ordinary reader to 
realise the wonder of the subject, as, for 
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example: “Every cubic millimetre of the 

universal ethor must possess the equivalent of a 
thousand tons, and every part of it must he 
squirming internally with the Velocity of light.” 
Pioneers of Science. By Sir Oliver Joseph Lodge. 
397 pages. Illustrated. Macmillan . . fis. 

This hook consists of a course of lectures, and 
presents with admirable clearness the scientific- 
work of some of the great astronomers of our 
era. Short biographical sketches are also given. 
Among those treated are Galileo, Kepler, 
Newton, Laplace, Lagrange, etc. 

The Moon. By Richard A. Proctor. 315 pages. 

Illustrated. Longmans . . . . 3s. fid. 

The motions, aspect, scenery, and physical con- 
dition of the moon are here presented with the 
mixture of graphic writing and mathematical 
proofs which the author so exceptionally com- 
bined. An indexed map of the moon, identify- 
ing all her features, is usefully included. 

Our Place among Infinities. By Richard A. Proctor. 

288 pages. Longmans . . . . 3s. fid. 

A series of brilliant, readable essays, contrast- 
ing our little abode in place and time with the 
infinities around us. Discusses the past and 
future of the earth, the seeming waste in 
Nature, lost comets, and tlie star depths. 

Other Worlds than Ours. By Richard A. Proctor. 

318 pages. Illustrated. Longmans 3s. fid. 

A discussion of the problem of the plurality of 
worlds, in the light of scientific researches. Pro- 
pounds views differing from those usually 
accepted, and comes to the conclusion that the 
number of inhabited worlds in the universe 
must be small. 

Other Suns than Ours. By Richard A. Proctor. 419 

pages. Illustrated. Longmans . . 3s. fid. 

A series of popular discussions on suns — old, 
young, and dead. Deals with new stars, the 
birth of worlds, the origin of comets, and other 
astronomical subjects, but includes some 
scientific essays on miscellaneous topics. 

Worlds in the Making. By Svante Arrhenius. Eng- 
lish translation by H. Borns. 229 pages. Illus- 
trated. Harper . . . . . . fis. 

A study of many astronomical subjects, includ- 
ing volcanic phenomena; tho celestial bodies 
as abodes of organisms ; the radiation and con- 
stitution of tho sun ; polar lights ; terrestrial 
magnetism the origin of nebulae, etc. 

The Stars. By G. F. Chambers. 192 pages. Illus- 
trated. Hodder and Stroughton . . Is. not 

A popular introduction to the stars, their bril- 
liancy and distance, number, movements, and 
relations with one another, and to all the 
varieties of stars and nebulae now known ; for 
those, especially, who do not so far know them. 
The author tells of double stars, coloured stars, 
temporary stars, variable stars, groups of stars, 
clusters of stars, nebulae, the Milky Way, and, 
finally, of the stars and nebulae as known to 
the spectroscope. A table of the constellations 
is given in the appendix, as also a list of objects 
to be seen in small telescopes. 



BIBLIOGRAPHY 


The Science of the Stars. By E. W. Maunder. 92 

pages. Jack 6d. 

A gallant attempt to cover this vast subject in 
a few pages, which has achieved remarkable 
success. The little book deals with astronomy 
before history ; astronomy before the telescope ; 
the law of gravitation; astronomical measure- 
ments; the members of the solar system, and 
the system of the stars. 

The Sun. By Charles G. Abbot. 448 pages. Illus- 
trated. Appleton 7s. Gd. net 

This book, by one of the leading American 
astronomers, is a record of the discoveries of 
the last fifteen years or so with regard to the 
sun, which is treated under three chief aspects — 

(1) as the controlling member of the solar 
system ; (2) in its own nature, especially as the 
nearest star, and typical of many stars; (3) as 
the fountain of light and heat, and so of life 
on the earth. Also gives an account of methods 
and principles of present-day solar research. 
Astronomical Discovery. By Herbert H. Turner. 

225 pages. Arnold . . . . . . 10s. Gd. 

The following discoveries are here considered 
in their relation to, and bearing upon, 
astronomy in general: (1) Uranus and Eros; 

(2) Neptune; (3) Bradley’s discoveries of aber- 
ration and nutation ; (4) accidental discoveries ; 
(5) the sun-spot period ; (6) the variation of 
latitude. The chapter on Bradley is particu- 
larly pleasing, especially the picture of the 
astronomer Pound, Bradley’s uncle. 

History of Astronomy. By W. W. Bryant. 355 

pages. Illustrated. Methuen . . 7s. Gd. net 

A general history from 3000 n.o. to the present 
day. It does not enter into details, hut 
sketches the main course of progress, as well as 
the development of observatories, telescopes, 
and other instruments. Mr. Bryant is super- 
intendent of the magneticnl and meteorological 
department of Greenwich Observatory. 

The Story of the Comets. By G. F. Chambers. 25G 
pages. Illustrated. Clarendon Press (5s. net 

The best popular account of comets and 
meteors, dealing with every aspect of the sub- 
ject. A good bibliography. 

The Growth of a Planet. By Edwin Sharpe Grew. 
351 pages. Illustrated. Methuen . . Gs. 

In this work the author brings together the 
modern theories, astronomical, physical, geo- 
logical, geographical, and biological as to the 
origin, formation, and growth of the members 
of the solar system. The “spiral hypothesis” 
of development from spiral nebulee is adopted 
by the author, who traces the history of the 
nebulous knot through various stages up to 
the point in habitation by organic life at which 
man appears. 

The Solar System. By Charles Lane Poor. 310 

pages. Illustrated. Murray . . . . Gs. net. 

This hook gives an account of the recent 
additions to our knowledge of the solar system. 
Considerable space is devoted to the study of 
the tides and of tidal evolution ; also to the 
problems connected with the planet Mars. The 
sun, tjie moon, the planetary motions, satellite 
systems, comets, meteors, the evolution of the 
solar system, and a careful exposition of the 
“ spiral hypothesis ” are included. 


Astronomy. By Arthur R. Hinks. 2 m pages. 

Williams and Norgate 1 b. 

The author, who is chief assistant at Cambridge 
Observatory, gives a short sketch of the present 
condition of astronomical knowledge in relation 
to tile sun, moon, planets, comets, meteors, 
stars, nebula* , the Milky Way, and the law of 
gravity. The methods of observation are 
explained, and the uses of astronomy in daily 
life described. 

Astronomy during the Nineteenth Century. By 
Agnes M.Clerke. 489 pages. 111. Black. 7s.Gd.net 
A very able and popular history of the science 
during the last century. It traces the develop- 
ment in every department ; as in our knowledge 
of the stars and the construction of the 
heavens, of the planets and their satellites, of 
comets, of nebula*, and of the physical and other 
relations of the heavenly bodies. It also 
describes the enormous advances in instrumental 
resources. There are biographical sketches of 
many leading astronomers. 

The Moon. By James Nasmyth and James Carpenter* 
213 pages. Illustrated. Murray . . 5s. not 

For many years the standard work on the sub- 
ject; now needs to he* supplemented by a modern 
treatise, such as Professor Pickering’s. The 
moon is considered as a planet, as a world, 
and as a satellite. 

The Tides. By Sir George Howard Darwin. 437 

pages. Illustrated. Murray . . 7s. Gil. net 

The standard work on this interesting subject, 
treating of the practical methods of observing 
and predicting the tides, and showing the degree 
of success which it is possible to obtain in 
predictions. The account, while being 

thoroughly scientific, is eminently clear and 

readable, and not technical. Later chapters 
deal with several problems of speculative 

astronomy, such as cosmical time, Saturn’s 

rings, and the origin of double stars. 

History of the Planetary Systems. By John Louis 
Emil Dreyer. 443 pages. Cambridge University 

Press .. .. i0s.Gd.net 

This book is a profound and interesting study of 
the progress of astronomical knowledge and 
theory. It traces the history of thought from 
Thales to Kepler, by whom the Copernican 
system was established on a firm and scientifi- 
cally demonstrated basis. The study of the 
older systems is peculiarly clear and sympathetic. 
Astronomy of Today. By C. G. J. Dolmage. 363 
pages. Illustrated. Seeley . . 5s. net 

A popular yet truly scientific work, dealing 
with the whole subject in the light of recent 
discoveries, and in language free from technical 
expressions. "Describes the sun, moon, and 
planets ; comets and meteors ; the stars and 
their system, and the structure of the heavens. 
Ancient astronomical theories and the prin- 
ciples of telescopic observation are also 
explained. The illustrations are excellent. 
Astronomy. By Frank Watson Dyson. 247 pages. 
Dent . . . . . . . . . . 2s. Gd. net 

This little hook, by the present Astronomer 
Royal of Greenwich, is intended to present to 
the ordinary reader the principles and methods 
upon which astronomers proceed, and the 
reasons for some of the important propositions 
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they advance. The author discusses ancient 
astronomy and astronomical instruments at 
some length, and then proceeds to speak of 
the sun, the solar system, stars of all kinds, 
nebuhe, and the sidereal universe. 

The Starry Skies. By Agnes Giberne. 242 pages 
Illustrated. Seeley . . . . . . Is. 6d. 

A fatuous little primer of astronomy, divided 
into lessons, with questions at the end of each. 
An elementary textbook, suitable for children. 
Textbook of General Astronomy. By Charles A. 
Young. 630 pages, illustrated. Ginn 12s. Gd. 
The best general textbook, being an introduc- 
tion to the whole subject. Explains the prin- 
ciples of astronomical science and observation; 
the methods and instruments of practical 
astronomy ; and treats of the nature and move- 
ments of the heavenly bodies. 

Astronomy. By G. F. Chambers. 335 pages. 
Illustrated. Hutchinson . . . . 5s. net 

An excellent popular outline of the whole sub- 
ject. Not a formal treatise, nor an educational 
textbook. Designed especially for use with a 
telescope of two or three inches aperture. 

The Solar System. By G. F. Chambers. 202 pages. 

Illustrated. Hodder and Stoughton Is. net 

A book designed especially for observers who 
possess or have access to “ popular telescopes,” 
i.e., those of from tw r o to four inches of aper- 
ture, and costing any sum between £10 and 
£50. The author cites the example of an 
astronomer who discovered fourteen minor 
planets from an attic window, with an instru- 
ment of only two and a half inches aperture. 
But the work is valuable also for those who 
never use a telescope at all. It describes in 
popular language the sun, moon, each of the 
planets, and the principal comets. 

Through the Telescope. By Rev. J. Balkle. 292 

pages. Illustrated. Black . . . . 5s. 

An excellent introduction to astronomy, with 
special reference to practical study of the 
heavens with small and inexpensive telescopes. 
The language is simple, and the book is intel- 
ligible throughout to any person of ordinary 
education. The illustrations represent for the 
most part the results of the best modern instru- 
ments, hut a few arc included to show the work 
of small telescopes. 

Eclipses. By G. F. Chambers. 254 pages. Illus- 
trated. Hodder and Stoughton . . Is. net 

A little work giving all that the general reader 
needs to know T about eclipses of the sun and 
moon, transits and occultations. 

Practical Astronomy. By Hector Macpherson jun. 

94 pages. Diagrams. Jack . . . . 6d. 

A simple guide to the heavens for all who 
know little or nothing of astronomy, telling, in 
clear and simple language, how to recognise 
the stars which may be seen with the unaided 
eye, and the constellations to which they 
belong, and how to locate them at different 
seasons of the year. 

A History of Astronomy. By Arthur Berry. 440 

pages. Illustrated. Murray . . 6s. 

One of the University Extensions Manuals, 
intended for the general reader. The author 
traces the history of astronomical science from 
primitive times, and reviews the life and work 
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of the great pioneers, such as Hipparchus, 
Ptolemy, Copernicus, etc. Details not bearing 
on the development of the science, as well as 
merely speculative theories, have been omitted, 
and the book thus presents clearly the main 
stream of astronomical history. 

Handbook of Descriptive Astronomy. By G. F. 
Chambers. 3 vols. 111. Clarendon Press. 32s. net 
Contains an enormous amount of information. 
Vol. I. deals with the sun, planets and moon; 
the zodiacal light; eclipses, transits, occulta- 
tions ; tides, aberration and refraction ; comets, 
meteors, etc. Vol. II. describes astronomical 
instruments and their use. Vol. III., which is 
supplied separately at 8s. 6d. net, is concerned 
with a survey of the stars, constellations. 
Milky Way, and nebulse. 

The Moon. By William Henry Pickering. Illus- 
trated Doublcday, Page & Co. . . £2 10s. 

This book contains over a hundred full-page 
plates, including 84 most beautiful photographs, 
forming a eomplcto atlas of the moon. The 
page being very large, the plates are exception- 
ally valuable and beautiful. Only the more 
recent advances in the knowledge of the moon 
are dealt w T ith. 

The Birth of Worlds and Systems. By A. W. Bicker- 
ton. 162 pages. Harpers . . . . 2s. fid. net 

A short and popular work on a new theory of 
the death and regeneration of the parts of the 
universe. Professor Bickcrton thinks that dead 
suns partly collide, and give rise to new fiery 
stars. The light gases given off by worlds 
collect in space and form a sort of star mist, and 
attract dead, burnt-out suns, and new systems 
are thus born. 

The Stars : A Study of the Universe. By Simon 
Newcomb. 333 pages. Illustrated. Murray. 6s. net 
111 this volume the author attempts to sketch, 
in simple language for the average reader, the 
wonderful advances of our generation in the 
knowledge of the fixed stars. He admits that 
to do this without entering into technical details, 
and yet to retain precision of statement, is next 
to impossible; but he succeeds in giving a 
striking general survey of recent knowledge. 
Modern Astronomy. By Herbert H. Turner. 302 pages. 

Illustrated. Constable . . . . 2s. fid. net. 

Shows how powerfully astronomy has boon 
affected by the invention of the photographic 
dry-plate and other scientific events of the last 
thirty-five years. Describes the instruments of 
the revolution of astronomical science, the 
methods . based upon them, and the results 
obtained. The writer is the Professor of Astro- 
nomy at Oxford, and he writes in a clear and 
simple diction. 

Man’s Place in the Universe. By Alfred Russel 
Wallace. 341 pages, dnapman and Hall. 6s. 
An unorthodox book by a great man, contending 
that the earth holds practically a central 
position in the universe, that this position has 
been favourable, and perhaps essential, to the 
development of life on the earth, and that earth 
is tlic only inhabited world. Dr. Wallace dis- 
cusses the results of scientific research in 
relation to the unity or plurality of worlds,' and 
considers suclr questions as: Are the stars 
infinite? our relation to the Milky Way; 
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physical Conditions of life; are the stars useful 
to usy and so on, and in later editions lie has 
added a chapter supporting his theory by 
arguments from Evolution — upon which subject 
he must, of course, be held a supreme authority. 
Dr. Wallace’s conclusions on this subject are 
not generally accepted, and they clearly chal- 
lenge views now^videly held as to the possibility 
of life in other worlds; but the theory of tins 
volume is enthralling in its human interest, and 
the right of the author to be heard is beyond 
all question. 

The Life of the Universe. By Svante Arrhenius. 

Two volumes. Harper . . . . 5s. net 

A history of evolution theories, which shows 
“ how the grand speculations of our age have 
been evolved from the primitive, child-like, 
and inherent notions of our ancestors in by- 
gone ages,” so that wo trace the rudiments of 
our modern theories from the shadowy notions 
of antiquity. 

The Meteoritic Hypothesis. By Sir Norman Lockyer. 

55 9 pages. Illustrated. Macmillan 1 7s. net 

Contends that many so-called stars are swarms 
of meteorites, and that all self-luminous bodies 
in the celestial spaces are composed either of 
swarms of meteorites or of masses of meteoritic 
vapour, produced by heat, while many solar 
phenomena are produced by the fall of 
meteorites upon the surface of the sun. 

Two New Worlds. By E. E. Fournier d’Albe. 159 

pages. Longmans . . . . . . 3s. 6d. net 

An attempt to penetrate the mystery of space 
and time, with the help of the most modern 
resources of scientific research. The main thesis 
is that a universe on a similar pattern to ours 
exists on a very small scale, and another on a 
much larger scale — the one being the minute 
world in which atoms and electrons stand for 
suns and planets, and the other stellar systems 
beyond the Milky Way. 

Total Eclipses of the Sun. By Mabel L. Todd. 285 

pages, illustrated. Sampson, Low . . 8s. Cd. 

A book written for the general reader, in non- 
technical language, explaining why eclipses 
occur, Commenting on examples of the past and 
present, with a forecast of what may he 
expected during the next sixty years. 

The Sun’s Place in Nature. By Sir Norman Lockyer. 

360 pages. Macmillan .. .. 12s. 

Gives a first-hand account of one of the most 
wonderful discoveries in chemistry — the element 
helium — and tells how it uras afterwards found 
on our planet. Discusses the sun’s place 
among the stars, and the origin of new stars, in 
connection with the author’s meteoric theory. 
The Chemistry of the Sun. By Sir Norman Lockyer. 

457 pages. Illustrated. Macmillan . . 12s. 

A classic work, by the discoverer of the new 
element helium. Deals mainly with the applica- 
tion of spectroscopic methods and photographic* 
records in determining the substances flaming 
in the centre of our solar system. 

PRICES OF BOOKS 

It should be remembered that in practically all 
cases, whether stated or not, the price of shilling 
and sixpenny books is net. “ Cheap editions ” 
indicates that several editions exist. 


EARTH 

Embracing Geology, Geography, Ex- 
ploration, Meteorology, Physics, 
Chemistry, Electricity, Radium. 

GEOLOGY AND KINDRED SUBJECTS 
Textbook of Geology. By Sir Archibald Geikie. 
Twovols. 1474 pages, illustrated. Macmillan. 30s. 
The best work by any British author reviewing 
the whole of geology. Though very learned, it 
is simple and readable-, the author's great 
Interest in scenery always makes his work 
attractive. The chief divisions of the book are: 
The cosinical aspects of geology ; geognosy, or 
the inquiry into the materials of the earth’s 
substance; dynamical geology; structural 
geology; palaeontological geology; strati- 
graphical geology; physiograpliical geology. 
There is a good bibliography, and a list of 
geological maps of all parts of the world. 

Classbook of Geology. By Sir Archibald Geikie. 

475 pages. Illustrated. Macmillan . . 5s. 

The standard introductory work on the study 
of the structure of the earth. Clearly and simply 
written, and suitable for the general reader as 
well as for the young student. 

The Founders of Geology. By Sir Archibald Geikie. 

497 pages. Macmillan.. .. .. 10s.net 

A history of the development of geological 
science in the form of a series of life-stories of 
tin* pioneers and masters of geology. Combines 
brilliance of style with solidity of thought. 
Landscape in History, and Other Essays. By Sir 
Archibald Geikie. 352 pages. Macmillan. 8s.6d.net 
Half of the essays deal with scenery in its 
relation to geological events, and in its influence 
on human progress ; the work brings homo to 
the mind in a vivid way the value of geology. 
The Scenery of Scotland Viewed in Connection with 
its Physical Geology. By Sir Archibald Geikie. 
560 pages. Illustrated. Macmillan .. 10s.net 
Begins by describing the general processes by 
which land is sculptured into ( hanging shapes, 
and thou gives particular oxamples of the work 
of geological forces in the highlands, the 
southern uplands, and the valleys in the mid- 
lands. Brings home to the observing reader 
the might of the silent powers around him. 
Earth Sculpture ; or the Origin of Land Forms. By 
James Geikie. 336 pages. Illustrated. Murray. 6s. 
A simple but scientific account, for general 
readers, of the processes by wdiich the land is 
carved out and moulded and changed by in- 
ternal fires and glaciers of the Ice Ago. An 
authoritative study of the origin of scenery. 
Structural and Field Geology. By James Geikie. 
452 pages. Ulus. Oliver and Boyd. 12s.6d.net 
For beginners in field geology. Deals with rock- 
forming minerals, rocks, fossils, and the forma- 
tion of rock-beds, ore-formation, geological 
surveying, and the industrial and practical 
aspects of geological structure are explained in 
some detail. Chapters on soils and subsoils and 
the evolution of surface features. 

Outlines of Geology. By James Geikie. 436 pages. 

Illustrated. Stanford . . . . . . 12s. 

An introduction for general readers. The parts 
which the beginner usually finds difficult are 
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treated in greater detail. Gives a broad view 
of tin* scope and bearing of tbe science, with 
a table of British strata in which fossils are 
found, and a glossary of terms. 

Prehistoric Europe. By James Geikfe. 502 pages. 
Illustrated. Stanford . . . . . . 25s. 

An outline of the chief physical changes on the 
Continent of Europe since the beginning of the 
Pleistocene period. The successive changes of 
climatical and geographical conditions are 
exam ined systematica lly. 

The Scenery of Switzerland. By Lord Avebury. 

473 pages. Illustrated. Maps. Macmillan 6s. 
A brilliant little book on tbe geological processes 
which have been at work in producing the Swiss 
scenery. Lord Avebury, who travelled in 
Switzerland in the company of Tyndall and 
Huxley, and later spent many holidays in the 
Alps, lias a keen eye for natural grandeur and 
beauty, and succeeds in showing liow the 
physical features of the country are produced 
and how they are changing. 

Ice-work, Present and Past. By T. G. Bonney. 295 

pages, illustrated. Kogan Paul . . 5s. 

An interesting hook because of its distinct aim 
and individuality. Professor Bonney here tries 
to give prominence to all those facts of glacial 
geology on which all inferences must he founded, 
and he selects for description such phenomena 
as he lias examined personally, assuming in all 
controversial matters, he claims, the attitude 
of a judge rather than of an advocate. The 
result is a line collection of materials for form- 
ing a judgment as to the part played by ice in 
the story of the world. 

Structure of the Earth. By T. G. Bonney. 94 

pages. Jack . . . . . . . . (id. 

A popular introduction to the subject, by one of 
the greatest living British geologists, dealing 
with the problems and methods of geology ; the 
earth’s constitution and age ; the work of heat 
and cold ; of rain and running water ; of snow 
and ice ; the work of the sea ; volcanoes and their 
lessons ; movement of land and their results, and 
the life-history of the earth. 

A Study of Recent Earthquakes. By Charles Davison. 

355 pages. Illustrated. Walter Scott (is. 

An interesting collection of accounts of earth- 
quakes in all parts of the world, covering very 
wide ground, and bringing together facts not 
previously collected in one volume. The final 
chapter gives a summary of the results of earth- 
quake study. 

The Geological History of Plants. By Sir J. William 
Dawson. 290 pages. Illustrated. Kegan Paul. 5s. 
The object of the writer is “ to give in a con- 
nected form a summary of the development of 
the vegetable kingdom in geological time.” 
Born in a district rich in fossil plants, he began 
as a hoy the study summarised in this hook, 
and continued it for nearly half a century. Tho 
way is made easy in an introductory chapter 
by a condensed geological chronology. 

The Story of the Earth and Man. By Sir J. William 
Dawson. 411 pages. Illustrated. Ilodder. 7s. (kl. 
A popular treatise of the science of the earth, 
as illustrated by geological research — the genesis 
of the earth; the Eozoic Ages; the Primordial 
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or Cambrian Age; the Silurian Age, (tnd so on. 
tli rough the successive stages, until tho close 01 
the post-Pleoicene and the advent of man. Then 
follows an account of primitive man. 

The World’s Foundations. By Agnes Giberne. 3i;> 

pages. Illustrated. Seeley . . . . 5s. 

A popular hook on geology, for beginners. 
Would do for children above fourteen. 

First Lessons in Modem Geology. By A. H. Green. 

212 pages. Illustrated. Clarendon Press 3s. 6d. 
A book arranged, for education purposes, in 
lessons, such as, for example: “ What sandstone 
is made of ” ; u About coal, and how it was 
made ” ; “ About crystals ” ; “ How the surface 
of a country is affected by its geology”; 
“ About fossils — how they are preserved and 
what they teach us.” Popular, but scientific. 
The Making of the Earth. By J. W. Gregory. 256 
pages. With maps. Williams and Norgato Is. 
The sum of evidence as to the origin of the earth, 
provided by the latest astronomical, geological, 
paheontological, zoological, and geographical 
researches is here brought together. The last 
chapter is a consideration of the origin of life, 
which the author defines as the problem of “ the 
formation of a self-generating, reproductive, 
carbonaceous jelly, of such a nature that it 
served as the beginning of the whole of tin* 
organic evolution that followed.” 

The Romance of Modern Geology. By E. S. Grew. 

308 pages. Illustrated. Seeley . . 5s. 

An account in simple language of the building 
of the earth, and of the various processes which 
have been at work producing its present 
features; with some account, in an interesting 
manner, of prehistoric animals. Suitable for 
children over fourteen, and for older readers 
who are not specialists. 

The Natural History of Igneous Rocks. By Alfred 
Harker. 384 pages. Illus. Methuen. 12s. (kl.not 
This book contains the substance of a course of 
lectures by the author, who is Professor ol 
Petrology in the University of Cambridge. It i.s 
a work for serious students, hut eminently read- 
able. Igneous action and igneous rocks arc* first 
considered from a geologif-al standpoint and 
brought into their proper relation with other 
parts of historical geology. The middle part ol 
the hook deals with the crystallisation of igneous 
rock-magmas. Finally, the genesis of igneous 
rocks is considered, and in the last chapter a 
natural classification of these rocks is attempted. 

Textbook of Petrology. By F. H. Hatch and R. H. 
Rastall. 425 pages. Illustrated. George Allen. 7s. 6d. 
A very valuable but highly scientific description 
of the sediments and their metamorphic deriva- 
tives. A useful contribution to a branch of 
geology which has perhaps been rather 
neglected. There is a most useful appendix, in 
which Mr. T. Crook admirably summarises the 
modern methods of separating and determining 
the minerals occurring in clays, sands, and soils. 

The Story of the Hills. By Rev. H. N. Hutchinson. 

356 pages. Illustrated. Seeley . . 5s. 

In this book tho author sets out to tell, in a 
popular manner, the story of mountains and 
how they were made, having in mind the 
thousands who are now able to visit 4ho moun- 
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tains of Europe (luring their holidays, and the 
ladies who climb Mont Blanc, or wander among 
the Carpathians. For such readers the scientific 
facts and history of mountains are gonially 
rendored in this excellent work. 

Volcanoes. By John W. Judd. 381 pages, illus- 
trated. Kogan Paul 5s. 

A popular exposition of the present condition of 
knowledge respecting volcanoes, with an account 
of investigations that in recent times have 
thrown fresh light on the whole ’problem. 
These investigations include the character of 
lavas, as revealed by miscroscopic examination ; 
the nature ami movements of liquids enclosed in 
the crystals of igneous rocks, and the relation 
of minerals in volcanic products to those found 
in meteorites. 

The Student’s Lyell ; Principles and Methods of 
Geology. 645 pages. Illustrated. Murray. 7s.6d.net 
An epoch-making work in the history of geo- 
logical science. Sir Charles Lyell was the pioneer 
of the theory that the changes still in progress 
are chiefly such as have produced the former 
changes of the earth’s surface, and in these 
volumes covers the whole ground of geology, as 
known in his day, in the light of this principle. 
Besides dealing with the face of the earth, Lyell 
treats of climate and of astronomical changes 
in their relation to the earth’s features ; of 
aqueous and glacial causes of change; of rivers, 
tides, and currents ; of igneous causes, etc. He 
also deals with flora and fauna, the antiquity 
of man, the origin of species, and a host of 
other interesting and kindred subjects. 

The Scientific Study of Scenery. By John E. Marr. 

372 pages. Illustrated. ’Methuen . . 6s. 

This book is intended as an introduction to 
the scientific study of the existing features of 
earth, sea, and sky which are visible to the eye; 
it deals chiefly with the attribute of form and 
its causes, hut also with size, colour, movement, 
and character of surface. 

A Piece of Coal. By E. A. Martin. 196 pages. 
Illustrated. Hoddcr and Stoughton. . ls.net 

Coal is a mineral of many-sided interest. It 
originates in plant life, matures in geological 
strata, is mined in one of our greatest industries ; 
as fuel, supports most other industries, affords 
heat to our homes, produces gas for illumina- 
tion, and is the source of the most brilliant dyes 
of commerce. All these and other aspects of a 
piece of coal are admirably told in this little 
book, well illustrated by the author. 

Mineralogy. By Sir Henry A. Miers. 584 pages. 
Illustrated. Macmillan . . . . 25s. net 

This “ introduction to the scientific study of 
minerals ” is an admirably written and illus- 
trated work, valuable especially with regard to 
the crystalline structure of minerals. The hook 
will he found interesting by every student of the 
rocks, and even by the beginner. 

History of Geology and Palaeontology. By K. von 
Zittel. 362 pages. Portraits. Scott (is. 

No science has had a more rapid and changeful 
growth than geology. That growth to the end 
of the nineteenth century is here traced by the 
distinguished Professor of Geology in the 
University of Munich, with remarkably wide 


knowledge and a complete acquaintance with the 
personal story that is intern oven with the 
development of the science. Dr. von Zittel not 
only tells how the knowledge is accumulated, 
hut, step by step, names the people who have 
been its collectors. An invaluable* hunk. 

The Earth in Past Ages. By H. G. Seeley. 196 

pages. Illustrated. Hoddcr and Stoughton Is. 
This uselul little book tells (lie story of the 
earth in the past in such a manner as to explain 
its present condition. It e\|dains tin* nature of 
the com mon materials which form rocks, the* 
ways in which they rest on one allot her, and 
the means by which they may be distinguished. 
Fossil remains are explained in a similar manner 
witli reference to the life which non exists. 

Man. and the Glacial Period. By G. Frederick Wright. 

385 pages. Illustrated. Kogan Paul 5s. 

The author summarises the position of existing 
glaciers; discusses glacial motion, and signs of 
past glaciation; locate-; the ancient glaciers of 
both hemispheres, and outlines their drainage 
systems; points out where the relics of man arc 
found in connection with the glacial period, and 
debates the cause and date of that period. 

The Scenery of England, and the Causes to which it 
is Due. By Lord Avebury. 560 pages. Illustrated. 
Macmillan . . . ■ ■ • . ■ ■ • 6s. 

Attributes the configuration of England, and 
consequently the scenery, mainly to sub-aerial 
action. A work on the principles of geology, 
written in a fresh and vivid manner. Deals with 
the Great Ice Age, the sculpture of the coast, 
the origin of the mountains and lakes, and 
the history of English rivers, fens, downs, and 
commons. 

The Work of Rain and Rivers. By T. G. Bonney. 

144 pages. Illustrated. Cambridge University 
Press . . . . . . . . . • I s - not 

Dr. Bonney has written this short account of the 
work of rain and rivers in such a way as to apply 
the principles of this branch of geology to the 
interpretation of scenery. Tin* hook is par- 
ticularly interesting to readers who have 
travelled, for the illustrations are all drawn 
from much-frequented districts. 

Volcanoes : their Structure and Significance. By 
T. G. Bonney. 378 pages. Illustrated. Murray. 6s. 
A simply written hut authoritative hook on the 
subject. Describes the activities of a living 
volcano from birth to death. Deals with the 
geological history of British volcanoes, and the 
distribution of volcanoes over the earth in the 
past and present. A general survey of the 
problems of volcanic action. 

Descriptive Meteorology. By W. L. Moore. 344 

pages. Illustrated. Appleton.. .. 12 s. 6d. 

A study of the known forms of energy that 
reach the earth from the sun. and of those parts 
of the earth that absorb, radiate, conduct, and 
reflect heat. A general introduction to the 
modern science of the weather. 

The Old Red Sandstone. By Hugh Miller. 363 pages. 

Dent j s - 

The story of how the author found fossils in the 
lower old red sandstone, and fixed in the geo- 
logical scale the place to which the larger beds 
of remains found in tin? system belong. Some of 
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the work of Miller lmn been superseded by later 
and wider experience, but his book will always 
live because of the imaginative power he used 
in picturing the vanished past. 

Petrology for Students : Study of Rocks under the 
Microscope. By Alfred Harker. 336 pages. Ulus, 
trated. Cambridge University Press . . 7s. 6d. 

A guide to the study of rocks in thin slices, that 
needs to bo supplemented throughout by 
demonstrations on actual specimens. Designed 
for English-speaking students, and dealing with 
British, American, and Colonial rocks. A use- 
ful book on a comparatively new study. 

The Natural History of Clay. By A. B. Searle. 176 

pages. Ulus. Cambridge University Press. Is. net 
Though clay is so useful, and long has bejen, 
we know little of its properties when in a pure 
state. This volume outlines what is known, and 
indicates unsolved problems. For instance, many 
clays owe their chief value to plasticity, but 
plasticity is of a very elusive nature, and almost 
defies measurement. Mr. Searle is particularly 
competent to introduce these questions and 
indicate the lines of future knowledge. 

Natural History of Coal. By E. A. N. Arbor. 156 

pages. Ulus. Cambridge University Press. Is. net 
There was a time when scientific men regarded 
the natural history of coal as a simple matter. 
Not so now. It is crowded with unsolved 
problems. This Mr. Arber realises. He sees 
that all types of coal were not derived from the 
same type of “ mother substance.” So he does 
not dogmatise, but states theories fairly while 
considering the conditions under which different 
coals have accumulated. 

The Geology of Coal and Coal-Mining. By Walcot 
Gibson. Illustrated. 341 pages. Arnold. 7s. Od. net 
Deals in an elementary manner with the strictly 
scientific side of the subject, and explains all 
the geological terms used by minors. Describes 
formation and origin of coal, the art of pro- 
specting and boring, and surveys the coalfields 
of Britain at length, and the coalfields of the 
rest of the world in a more concise manner. 

An Introduction to Geology. By J. E. Marr. 229 

pages. Ulus. Cambridge University Press 3s. net 
An attempt to explain the scope and methods 
of geology without using technical terms or 
taxing the reader’s memory with excess of 
detail. Useful to general readers who wish to 
obtain some idea of the science, and especially 
instructive to the student who intends to pro- 
ceed to the reading of more advanced treatises. 

The Geology of Water-Supply. By Horace B. Wood- 
ward. 339 pages. Illustrated. Arnold. 7s. fid. 
Deals with the knowledge of the geological 
structure of the ground and the character of 
rock-formation necessary in obtaining an 
adequate supply of potable water. Stuay of 
water-bearing strata, springs, underground 
sources, with a chapter on prospecting for 
water. Written with special reference to Great 
Britain, but touches other water supplies. 

Gam-Stones and their Distinctive Characters. By 
G.F. H. Smith. 312 pp. Illustrated. Methuen. 6s.net 
A concise and yet complete account of the 
characters of the minerals used in jewellery. 
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The author describes fully fho methods of deter- 
mining the chief qualities of gems, so that the 
reader, even if previously unacquainted with tho 
subject, may have at hand all the information 
necessary for the identification of any cut stone. 

The Geology of Building Stones. By J. Allen Howe. 

455 pages. Illustrated. Arnold . . 7s. 6d. net 

A practical book of referenco for architects and 
students of geology. Gives adist of the principal 
granite, sandstone, limestone, and slate quarries, 
and deals generally with the building stone 
resources of our country. 

Mineralogy. By F. H. Hatoh. 253 pages. Illus- 
trated. Whittaker 4s. net 

Dealing with the characters of minerals, their 
classification and description. The first part 
treats of the forms, physical properties, and 
chemical composition of minerals; the second 
part - describes the rook-forming groups — the 
ores, salts, gems, and other varieties. Only those 
minerals that play an important role in the 
economy of Nature, or are used by man, are 
described at length. 

The World’s Minerals. By L. J. Spencer. 212 

pages. Illustrated. Chambers . . 5s. 

All the more common, simple minerals are 
described, and are illustrated on coloured plates. 
The author has avoided, as far as possible, 
technical terms, and has used popular language 
suited for younger students. 

Rocks and their Origins. By G. A. J. Cole. 175 

pages. Ulus. Cambridge University Press. Is. net 
An introduction to geology for the general 
reader, discussing simply and clearly first rocks 
In general, and then, in separate chapters, lime- 
stones, sandstones, clays and slates, igneous 
rocks, and metamorphic rocks. There is a 
useful bibliographical reference table. 

The Face of the Earth. By Edward Suess. Trans- 
lated by Hertha B. C. Sollas. Illustrated. Four 
volumes. Clarendon Press . . . . £4 13s. net 

The most complete and definite of all the 
general surveys of geological facts. It embodies 
the results of personal research, and a study of 
the work of the leading geologists of all lands, 
and it approaches nearer absolute com- 
prehensiveness and authority than any similar 
work in any language. 

Geology. By Thomas C. Chamberlin and Rollin D. 

Salisbury. Three vols. Ulus. Murray. 21s. net 
A brilliant American w’ork, in which the authors 
approach the science by a study of the forces 
and processes now in operation. Encumbered as 
little as possible by technicalities and unimport- 
ant details, but immense in sweep, and intimate 
in style. ' Rather too large a work for a general 
reader to start on, but very valuable and stimu- 
lating to advanced students. 

The Age of Earth. By Arthur Holmes. 196 pages. 
Illustrated. Harper . . . . 2s. 6d. net 

Approaches the subject from various sides, deal- 
ing with tidal effects, the saltness and age of 
the oceans, the work of denudation, and the 
time required for the formation of sedimentary 
rocks. Discusses the new factor of radio-active 
substances, which is upsetting boljjj mathe- 
maticians and geologists. 
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Causal Geology. By E|. H. L. Schwarz. 248 pages. 

Illustrated. Blackie 7s. Gd. net. 

The author here sets forth the results of ten 
years’ observation on the geological survey of 
Cape Colony. The facts presented by this 
country led him to conclusions similar to the 
planetismal hypothesis advanced by Professor 
Chamberlain, the brilliant American geologist. 

GEOGRAPHY AJID KINDRED SUBJECTS. 

Elementary Lessons in Physical Geography. By Sir 
A. Gelkie. 363 pages. 111. Macmillan. 4s. 6d. 
A simple but systematic and interesting descrip- 
tion of the familiar features of the surface of 
the earth. The earth as a planet ; the air and 
its properties; the sea — its movements and 
offices ; the land, and the geographical distribu- 
tion of the various forms of life. 

Structure and Distribution of Coral Reefs. By Charles 
Darwin. 344 pages. Illustrated. Smith, Elder. 8s. 6d. 
Discusses the origin of the main kinds of 
coral reefs. Argues that both in atoll and 
barrier reefs the foundation to which the coral 
was primarily attached has subsided, and that 
during this downward movement the reef-form- 
ing organisms have built upwards. 

Voyage of the Beagle. By Charles Darwin. Cheap od. 
Darwin himself said : “The voyage of the Beagle 
has been by far the most important event in my 
life, and has determined my whole career.” Not 
only does it form an introduction, in spirit, to 
scientific study, but it is one of the most readable 
books of travel. 

Polar Exploration. By William S. Bruce. 254 

ages. Williams and Norgate . . Is. 

r. Bruce, who has himself explored in the 
Arctic and Antarctic regions, and directs the 
Scottish Oceanographical Laboratory, Edin- 
burgh, here deals not with the history of Polar 
adventure, but with the physical and biological 
conditions of Polar regions. Chapters are 
devoted to land ice, sea ice, plant and animal 
life, meteorology, aurora, magnetism, and 
other aspects of polar geography. 

History of the Thermometer. By Henry Carrington 
Bolton.' 96 pages. Williams and Norgate. 4s. fid. 
Traces the successive steps in the history of 
the evolution of the thermometer from its first 
beginnings in Italy at the end of the sixteenth 
century, through its crude early forms, down to 
the three standards now commonly used in all 
civilised lands. With a chronological epitome 
and a comprehensive list of authorities. A little 
volume packed with facts. 

Labrador Journal. By Capt. Cartwright. Illus- 
trated. Williams and Norgate . . 5s. net 

This work, with an introduction by Dr. Gren- 
fell, the intrepid missionary, gives extremely 
able descriptions of animals and their ways, hut 
also has much human interest. 

Cook's Voyages of Discovery. 479 pages. Dent. Is. not 
James Cook, the intrepid seaman and explorer, 
undertook three great voyages. The narrative 
of all three is of absorbing interest. 

The Weather. By G. F. Chambers. 234 pages. 
Illustrated. Hodder and Stoughton . .. Is. net 
This little book, reviewing the principal facts 
of meter<4pgy, and giving some hints “ how to 
become a weather-prophet,”* is entirely practical 


in its intention. “The question of the weather 
of tomorrow, or of the day after, has often a very 
important bearing on tho business and pleasures 
and health and convenience of all classes of the 
community.” The use of weather-charts, baro- 
meter, thermometer, hydrometer, rain-gauge, 
weather-cock, and anemometer, sunshine- 
recorder, and other instruments is made clear. 

Climate and Weather. By H. N. Dickson. 252 

pages. Williams and Norgate . . Is. 

,An excellent study of* the atmosphere, illus- 
trated by maps and diagrams; the influence of 
land and sea ; the various climatic regions ; 
climate and vegetation, and climate and man. 

Tropical Africa. By Henry Drummond. 242 pages- 
Illustrated. Hodder and Stoughton . . 3s. fid- 

One of the travel books that becomes literature 
through tile freshness of the traveller’s sight, 
and his power of investing whatever he writes 
with an incommunicable charm. 

Narrative of a Journey to the Shores of the Polar Sea. 
By Sir John Franklin. 434 pages. Dent. Is. net 
This account, by the great explorer himself, of 
tho first expedition of which he was in supreme 
command, to attempt the discovery of the North- 
West Passago to the Pacific, was published in 
the year following his return. Ho made two 
later attempts, in the last of which he and all 
his party perished, in 1847. 

The Ocean of Air. By Agnes Giberne. 334 pages. 
Illustrated. Seeley . . . . . . 5s. 

An excellent account of meteorology for 
beginners. Very readable ; any child over twelve 
would delight in it and learn much from it. 

The Romance of the Mighty Deep. By Agnes 
Giberne. 290 pages. Illustrated. Seeley 5s. 
A popular account of the ocean and the laws 
by which it is ruled, of its wonderful powers, 
and its strange inhabitants, given in the form 
of romantic narrative. 

Geography. By J. W. Gregory. 305 pages. Illus- 
trated. Blackie . . . . . . fis. net 

This hook, by the Professor of Geology in Glas- 
gow University, gives the most important facts 
concerning the structural geography of the 
earth, and tho evolution of our present con- 
tinents from older lands. The use of geological 
terms is avoided, hut the geological horizons 
are defined and occasionally referred to. A 
useful and delightful book for schools. 

Central Asia and Tibet. By Sven Hedln. Two vols. 
Illustrated. Maps. Hurst and Blackett. £2 2s. 
The stirring story of Sir Hedin’s second great 
journey through Central Asia. The route was 
from Stockholm to Kashgar; from Yarkand- 
daria a boat-journey through the desert down 
the lonely river Tarim ; across the Takla-Makan 
Desert — “The Land of Perpetual Twilight”; 
to Lop-nor and its sister lakes; in Northern 
Tibet, a land of mountains, lakes, and quagmires 
at high altitudes ; across the appalling Desert of 
Gobi; to the ruined towns of Lou-lan; a most 
adventurous and dangerous dash for the holy 
city of Lassa, and home by India and Kashgar. 

Overland to India. By Sven Hedln. Two vols. 
Illustrated. Maps. Macmillan . . £1 10s. net 
A route, by unfrequented ways, through the 
“ ancient, desolate, and effete Persia.” The 
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journey begins from Teheran, and passes 
through unrelieved desert all the way to India. 
Of course, there are frequent signs of wonderful 
old forgotten civilisations. One of the most 
interesting of Sir Sven Hedin’s results lias been 
to confirm the accuracy of Marco Polo, who was 
so long unjustly regarded as a romancing 
and somewhat legendary traveller. 

Volcanoes Past and Present. By Edward Hull. 270 

pages. Illustrated. Walter Scott . . 3s. Od. 

A popular account of the volcanic and seismic 
phenomena of the globe as manifested in certain 
notable eruptions. The book endeavours to find 
an answer to two important questions : Are we 
living in an epoch of extraordinary volcanic 
energy? and What is the ultimate cause of 
volcanic action ? 

The Opening-Up of Africa. By Sir H. H. Johnston. 

251 pages. Williams and Norgate . . Is. 

This excellent little historical summary of the 
development of the Dark Continent is well illus- 
trated with maps. Many readers will be sur- 
prised to find how much was known of Africa 
before modern times. The work of Greeks, 
Romans, Moslems, Portuguese, and Dutch forms 
a story of absorbing interest. 

Weather Science. By R. G. K. Lempfert. 94 pages. 

Illustrated. Jack . . . . . . 6d. 

A sound popular introduction to meteorology. 
The art of forecasting the weather is shown in 
a very interesting way. The study of the upper 
air, which is the subject of the last chapter, 
deserves increased attention in the interests of 
the modern study of aeronautics. 

Modern Geography. By Marion I. Newbigin. 248 
ages. Williams and Norgate . . Is. 

iss Newbigin, who has also done good work as 
a zoologist (see books on Animal Life), studies in 
this volume the leading questions of physical, 
biological, and sociological geography. It is an 
admirable piece of work, and contains a good 
little bibliography. 

Travels of Mungo Park. Cheap editions. 

The story of the great explorer’s travels in the 
interior of Africa, his attempt to find tho River 
Niger, his adventures and escapes, with his suc- 
cess in attaining his object, and the further 
difficulties and mishaps which attended his 
homeward journey. These adventurous explora- 
tions took place in the last decade of the 
eighteenth century. In a second exploring 
expedition to the Niger and the Gambia, 
Mungo Park was drowned, in 1806. 

Sounding the Oeean of Air. By A. Lawrence Rotch. 

Illustrated. S.P.C.K ' . . 2s. Od. 

The kite and balloon researches carried out by 
Mr. Rotch, director of the Blue Hill Meteoro- 
logical Observatory, in the United States, have 
long been famous in the history of meteorology. 
The progress of aeronautics makes it essential 
that the movements of the upper air, now so 
little understood, should be fully investigated, 
and no better introduction to the study could 
be obtained than that given in this book. 
Master Mariners. By J. R. Spears. 256 pages. 

Williams and Norgate Is. 

This story begins with the enterprise of Niku, 
King of Egypt, who, in the 6th century B.c., 
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sent out a fleet manned by Phoenicians to sail 
round Africa. It follows the adventures of the 
mariners of the Dark Ages, of those who opened 
up the Atlantic, of Columbus and America, of 
Dutch and English interests conflicting at sea, 
of the days of Nelson, of Captain Cook, and of 
later mariners and the advantages they have 
won for commerce and civilisation. 

In the Antarctic. By Sir Ernest Shackleton. 255 

pages. Illustrated. He im* inarm . . Is. 6d. 

A short account of the intrepid explorer’s 
British Antarctic expedition of 1907-1909, 
adapted from his larger work, “The Heart of 
the Antarctic.” A stirring tale, with good 
photographs. 

Discovery of the Source of the Nile. By John H. 
Speke. 477 pages. Dent . . . . Is. net 

Published in 1863, in the author’s thirty-seventh 
year, this “ Journal of the Discovery of the 
Source of the Nilo” gives a vast mass of facts 
about the interior of Africa, and its peoples, 
animals and plants, and is very readable. 
Though Speke’s conclusions were doubted at the 
time, they have been proved correct. 

The Glaciers of the Alps. By John Tyndall. 270 pagos. 
Dent. . . . . . . . . . . Is. net 

Professor Tyndall’s vivid descriptions of the 
Alps and of mountaineering are attractive not 
only because of their scientific value, but also 
for their interest in scenery and in climbing. 
Modern Meteorology. By Frank Waldo. 460 pages. 
Illustrated. Walter Scott . . . . 3s. 6d. 

An outline of the growth of the science of the 
weather, well worth bringing up to date in view 
of the considerable advances made by meteoro- 
logists sinco the book was written, in 1893. 
Travels on the Amazon and Rio Negro. By Alfred 
Russel Wallace. 363 pages. 111. Ward, Look. 2s. 
Dr. Russel Wallace spent the four years 1848 to 
185‘2 on the Amazon, being attracted thereto by 
Edwards’ “Travels on the Amazon.” Ho has 
here recorded his experiences and observations 
of the native tribes, and also on the climate, 
geology, and natural history of the region. 

The Wonders of Asiatic Exploration. By Archibald 
Williams. 159 pages. Illustrated. Seeley 2s. 
Deals brightly with mid-Asia, Lhasa, Manchuria, 
the Pamirs, the East Indian archipelago, and 
Now Guinea. Good photographs. 

Lost England. By Beckles Willson. 192 pages. 
Illustrated. Hodder and Stoughton . . Is. 

A suggestive and interesting description of our 
submerged coasts, giving the dates and circum- 
stances of the loss of many hundreds of square 
miles of English territory to the sea. Mr. 
Willson relates how no fewer than thirty-four 
towns and villages have been wiped out by 
erosion within the modern period. Contains, in 
a small compass, much to interest. 

Cloud Studies. By Arthur W. Clayden. 184 pages. 

Illustrated. Murray 12s. 

Intended primarily for students of weather-lore 
and artists, but interesting to all lovers of 
Nature. Explains the details of cloud structure 
and describes and depicts typical varieties of 
cloud forms. Aims at introducing a greater 
exactness of language in description Has a 
chapter on cloud photography. 
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Climate. 4 By Robert de Courcy Ward. 372 pages. 

Illustrated. Murray 6s. net 

A broad treatment of the question of climate, 
which, while not competing with meteorological 
textbooks, conveys special information in an 
interesting way, so that the book can be read by 
an intelligent person who has had no special 
training in meteorology. 

River Developmelit. By I. C. Russell. 327 pages. 
Illustrated. Murray . . . . 6s. net 

An admirable study of rivers, illustrated 
generally by the rivers of North America. The 
hook deals with the disintegration and decay of 
rocks ; laws governing streams ; and the making 
of river deposits. 

The Forms of Water in Clouds and Rivers, Ice and 
Glaciers. By John Tyndall. 192 pages. Illus- 
trated. Kogan Paul . . . . . . 5s. 

A brilliant and well-known work. Sets out from 
the waves of heat that produce the vapour of 
the atmosphere; deals with tropical rains; the 
condensation by mountains; the architecture of 
snow and ice, and the formation and motion of 
glaciers. The greater part of the book deals 
with the glaciers of Switzerland. 

Earthquakes and other Earth Movements. By John 
Milne. 361 pages. Illustrated. Kogan Paul. 5s. 
Professor Milne is the founder of the science of 
earthquakes, and the inventor of tho instrument 
for recording earth movements. His work is 
written in a clear and authoritative manner, 
and is not too dilficult for the general reader. 

The Earth : its Shape, Size, Weight, and Spin. By 
J. H. Poynting. 138 pages. Illustrated. Cam- 
bridge University Press . . . . Is. net 

Professor Poynting here explains, simply and 
without mathematical detail, how the shape 
and size of the earth have been determined, 
how its mass has been measured, and how wo 
know that it rotates so as to be an almost perfect 
time-keeper. Ho also gives some account of 
the tidal action which reduces tho earth’s spin. 

The Atmosphere. By A. J. Berry. 146 pages. 

Illustrated. Cambridge University Press. Is. net 
The history of the discovery of tho properties of 
the constituents of the air is here told in an 
interesting Way. The author has restricted him- 
self to chemical and physical phenomena, and 
has omitted meteorology. The composition of 
the atmosphere at different heights is discussed, 
and also the probable atmospheres of earlier 
periods. Tho book is quite up to date, and 
includes reference to atmospheric radio-activity. 
The Atmosphere. By E. J. Houston. 326 pages. 
Illustrated. Chambers . . . . 3s. fld. 

The book tells of the height and composition of 
the atmosphere, of sound-waves and echoes, of 
climate and weather-prediction, of the various 
kinds of storms, and of heat and light as far as 
they are involved in the science of the air. 

In Northern Mists. By Fridtjof Nansen. Two vols. 
Illustrated. Hcinemann . . . . 30s. net 

These volumes show the great Arctic explorer 
exploring, by his fireside, in later life. The 
knowledge of the North was gathered by vast 
labour in vanished times, and is only now 
becoming realised. Dr. Nansen promised to 
write a book on the history of Arctic voyages. 


As ho studied the subject he found much un- 
expected material, and the task grew on him, 
till here are eight hundred pages, presented in 
sumptuous form — pages made fascinating by 
fancy and lcgefftl and heroism and truth, and 
only the year 1500, or thereabouts, is reached, 
with the dawn of tho idea that there may be a 
way by the North to India. No doubt tho study 
of comparatively modern voyaging will be con- 
tinued, but hero is rich treasure-trove found 
before that voyaging began. 

^Volcanoes and Earthquakes. By E. J. Houston. 

325 pages. Illustrated. Chambers. 3s. Od. 

An account of some of the most memorable 
volcanic eruptions and earthquake shocks, from 
the destruction of Pompeii to the destruction of 
San Francisco. Descriptions are given of the 
best-known groups of volcanoes. There are 
chapters, too, on submarine volcanoes, and the 
extinct volcanoes of the moon. A popular treat- 
ment of tho subject. 

The Origin of Earthquakes. By C. Davison. 141 

pages. Illustrated. Cambridge Univ. Press, ls.net 
This book considers the origin of different classes 
of earthquakes, and describes fully one or two 
examples of each class. The growth of “ faults ” 
is discussed; then tho origin of simple earth- 
quakes; twin earthquakes; complex earth- 
quakes: fore-shocks; after-shocks; and, finally, 
sy in pa tli etic ea rtliquakos. 

Climatic Control. By L. C. W. Bonaclna. 167 pages. 
Illustrated. Black . . . . 2s. 

A simple discussion in textbook form of the 
general principles of climatology, showing how 
vegetation and other features of the landscape 
are controlled by climatic influences, and how 
such influences modify the life of man and his 
occupations. One of the objects of the writer 
is to induce the student to observe the climate 
on his own account, and form his own theories. 

The Physics of Earthquake Phenomena. By C. G. 

Knott. 295 pages. Ulus. Clarendon Press. 14s.net 
The author, who lias been Professor of Physics 
in the Imperial University of Japan, lias had 
special facilities for studying earthquakes, and 
adds personal investigation to a very complete 
knowledge of the literature of the subject. A 
thoughtful book for advanced students. . 
Physiography. By A. L. Arey and others. 450 

pages. Illustrated. Uarrap . . . . 4s. 6d. 

An excellent school-book, with many photo- 
graphs, diagrams, and maps. Tho science of 
physiography comes from America, as this book 
does. Each chapter is followed by questions so 
devised that they cannot he answered by quoting 
the text. This book, like those of Suess or 
Salisbury, may be read for mere pleasure. 

Physiography. By Thomas Henry Huxley. Ulus, 
trated. Macmillan . . . . 4s. Od. 

An introduction to the study of Nature, by a 
master-hand. Deals principally with the forces 
at work in a great river basin, setting out from 
the commonest and best-known phenomena, 
such as clouds and rain, dew and ice, and going 
on to the study of living matter, tho movements 
of the earth, the sun, and gravitation. A 
standard scientific exposition, recently revised 
in the light of the latest researches. 
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The Depths of the Ocean. By Sir John Murray and 
Dr. Johan HJort. 821 pages. Illustrated. Mac- 
millan 28s. net 

A general account of the noj^ science of the 
deep seas, based largely upon a recent voyage 
of exploration in the North Atlantic. Con- 
tains a sketch of the investigations of the 
“ Challenger ” and other expeditions; describes 
the depths and deposits of the ocean ; its plant 
life ; the deep-sea fishes, and general biology. 

The Aurora Borealis. By Alfred Angot. 264 pages. 
Illustrated. Kegan Paul . . . . 5s. 

A sketch of the history of the subject, followed 
by an account of the forms of the Polar aurora ; 
a description of its physical characters, and its 
extent, position, and frequency. The concluding 
chapters are concerned with the connection 
between the aurora and weather conditions, 
and with the magnetism of the earth, and the 
theories of its origin. Written in a clear way. 

The Alps in Nature and History. By W. A. B. 
GooUdge. 440 pages. Illus. Methuen. 7s. 6d. net 
Offers the reader an account of the most 

interesting features presented by the Alps, 

based on the personal experience of over forty 
years* wanderings through every district of the 
great chain. The mountains are looked at from 
the physical side first; then the human history 
of the famous heights is related. 

Science of the Sea. Prepared by the " Challenger ” 
Society. 452 pages. Illustrated. Murray. 6s. net 
An excellent handbook of practical oceano- 
graphy for travellers, sailors, and yachtsmen, 
and admirable for the general reader. Gives 
the results of modern discoveries regarding the 
life and conditions of the deep seas — a new 
science established during tho “ Challenger ” 
expedition The various chapters arc written 
by men of high authority. 

Forecasting Weather. By W. N. Shaw. 380 pages. 

Illustrated. Constable . . . . 12s. 6d. 

The result of eleven years* experience in weather 
forecasting, by the Director of the British 
Meteorological Office. Explains the way in 
which synoptic charts are made, and how they 
are used in foretelling weather conditions. 
Chapters on gales and storm warnings, land 
and sea fogs, night frosts, colliery warnings, 
and forecasts for airmen. A standard work. 
The Discoveries In Crete. By Ronald M. Burrows. 

244 pages. Illustrated. Murray . . 5s. net 

Deals in an attractive and popular way with the 
digging up of the buried civilisation of the 
Mediterranean sea-kings, and the bearing of 
the discoveries on the history of civilised man. 
Aims at giving a picture of Cretan culture as 
a whole, and at presenting it in a manner that 
will make it alive and real. 

PHYSICS AND KINDRED SUBJECTS. 
Textbook of the Principles of Physics. By A. 
Danlell. 782 pages. Illustrated. Macmillan. 17s. 
This very comprehensive work, by a barrister 
who is one of the most widely learned students 
of our generation, deals systematically with the 
entire science. It is highly condensed, and is 
designed for the advanced learner rather than 
for tho beginner. There is a good bibliography. 
Among its subjects are: The properties of 
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matter, the problems of time and s|>ace, the 
nature of work and energy, and the sciences of 
heat, light, electricity, . and magnetism. 

The New Chemistry. By Josiah Parsons Cooke. 400 

pages. Kegan Paul 5s. 

Originally delivered as Lowell lectures in 1872, 
the contents of this book wero revised in 1884, 
and at that date formed a succinct and interest- 
ing summary of chemistry in its latest phases. 
The Evolution of Forces. By Gustave ie Bon. 388 
pages. Illustrated. Kegan Paul . . 5 b. 

Dr. Le Bon illustrates in this book his theory 
that the atom is a great reservoir of energy, and 
the source of most of the forces of the universe. 
The further study of radiations, phosphorescence 
and the Hertzian waves is tending rapidly to the 
acceptance of this theory. 

Principles of Electricity. By N. R. Campbell. 01 

pages. Jack 6d. 

Designed for the general reader who has no 
previous knowledge of the subject, yet requiring 
close attention and careful thought. The book 
deals with the laws and theory of electrostatics ; 
electrostatic measurements ; electro-magnetism ; 
Faraday *8 theory, and Maxwell’s theory. 
Experimental Researches in Electricity. By Michael 

Faraday. Dent Is. 

Tliis volume includes Faraday’s most famous 
lectures on electricity, as well as a sympathetic 
account of the man by Professor Tyndall. 
Introduction to Physical Science. By A. P. Gage. 
359 pages. Illustrated. Ginn . . 4s. 6d. 

A school-book on elementary physics, including 
properties of matter, dynamics, boat, sound, 
light, electricity, etc. 

Elementary Chemistry. By F. B. Emery. 629 pages. 
Illustrated. Williams and Norgato . . 8s. 6d. net 

An excellent introduction to the subject, of the 
school-book typo. Deserves special mention as 
a laboratory manual, and as giving due place 
to metallurgy. 

The Chemical History of a Candle. By Michael 
Faraday. 113 pages. Illus. Hutchinson. 10d.net 
Famous popular lectures by the great chemist. 
With introduction by Sir W. Crookes. 

The Wonders of Modern Electricity. By C. R. 
Gibson. 161 pages. Illustrated. Seeley 2s. 

An admirable popular account of electricity and 
of the part which it plays in modern life. The 
sections on telegraphy and wireless telegraphy 
are specially interesting. 

Scientific Ideas of Today. By C. R. Gibson. 344 

pages. Illustrated. Seeley . . . . 5s. net 

A very popular yet truly scientific exposition 
of subjects such as atoms, electricity, ether, 
magnetism, light, colour, radium, gravitation, 
etc. As readable as a really good story. 

The Romance of Modern Electricity. By Charles R. 
Gibson. 345 pages. Illustrated. Seeley 5s. 

Describes in simple language, suited to young 
readers, the story of electricity; how it came 
to be known; its relation to magnetism; the 
various ways in which it is used, and its great 
value to life in so many different channels. 
Electricity. By Gisbert Kapp. 253 pages. Williams 

and Norgato Is. 

The Professor of Electrical Engineering at 
Birmingham University here describes the force 
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and action of electricity, the methods of 
electrification, and the distribution of electricity 
under the many aspects in which our knowledge 
and use of the force today present themselves. 

Electricity of Today. By C. R. Gibson. 346 pages. 
Illustrated. Seeley . . . . . . os. not 

A book similar to the same author’s “ Wonders 
of Modern Electricity,” but covering a wider 
ground. Deals with electric traction, lighting, 
electro-chemistry, telephones, telegraphy, elec- 
trical measurements, etc. Very popular. 

Modern Organic Chemistry. By C. A. Keane. 503 

pages. Illustrated. Scott . . . . 6s. 

An attempt to lay down stepping-stones to the 
general principles and technicalities of organic 
chemistry, and to illustrate the methods and 
applications of the science by simple and typical 
examples. 

Physical Properties of Gases. By A. L. Kimball. 

238 pages. Illustrated. Heinemann 5s. 

A popular introduction to the subject, from 
Johns Hopkins University, in the U.S.A. Not 
a school-book. Deals with pressure, buoyancy, 
elasticity, expansion, high vacua, diffusion, 
thermo-dynamics, radiant matter, etc. 

The Radio-Active Substances, their Properties and 
Behaviour. By Walter Makower. 301 pages. 
Illustrated. Kegan Paul . . . . 5s. 

One of the most recent additions to the Inter- 
national Scientific Series, dealing with some of 
the latest phases of scientific investigation. It. 
attempts to present the chief phenomena and 
thoories relative to radio-activity, and to servo 
as an introduction to the subject for students of 
both physics and chemistry. The subject is 
treated simply, and, as far as possible, without 
mathematical analysis. 

Coal and What We Get From It. By Raphael Meldola. 

Illustrated. S.P.C.K 2 b. fid. 

To the reader who is unaware what a variety 
of useful products are obtained from coal by 
modern industry, this book, by the Professor 
of Chemistry at the Finsbury Technical College, 
will come as an astonishing revelation. Specially 
interesting are the processes by which brilliant 
dyes are obtained. 

Chemistry. By Raphael Meldola. 247 pages. 
Williams and Norgatc . . . . . . Is. not 

Deals in a popular way with the principles of 
chemical science and its manifold relations to 
other branches of knowledge. The work is com- 
prehensive and modern. 

The Chemleal Elements. By M. M. P. Muir. 196 
pages. Illustrated. Hodder and Stoughton Is. net 
A good popular book on the elementary and 
fundamental principles of chemistry, dealing 
with the character of chemical change; the 
classification of material things; the composi- 
tions and properties of carbon compounds ; the 
atom arid the molecule ; molecular architecture, 
and other subjects. 

Alchemy and the Beginnings of Chemistry. By 
M. M. P. Muir. 185 pages Illustrated. Hodder 

and Stoughton Is. net 

This little work is of interest in more ways than 
one. It gives a history of quasi-seientific 
thought, on the subject of material changes, 
from the days of ancient Greece down to the 


eighteenth century. It affords “ a pregnant 
example of the contrast botwoen the scientific 
and the emotional methods of regarding nature, 
and admirably iljpstratcs the differences between 
well-grounded, suggestive hypotheses and base- 
less speculations.” It gives a philosophical 
explanation of alchemy, showing that these 
fancies appealed to the deep-soated want of 
human beings — viz., the necessity for the realisa- 
tion of order in the universe. And, finally, it 
traces very clearly the* genesis of the modern 
'science of chemistry. 

The Wanderings of Atoms. By M. M. P. Muir. 192 

pages. Hodder and Stoughton .. ls.net 
An introduction to the study of the atom and 
the molecule, especially those of carbon and its 
various compounds ; intended to assist both the 
man who desires to follow the recent develop- 
ments of chemical science and the manufacturer 
in any of the newest branches of the chemical 
trades. To the latter especially the knowledgo 
hero presented, in easily available form, is an 
essential factor towards success. 

The Story of Electricity. By John Munro. 199 pages. 
Illustrated. Hodder and Stoughton . . Is. "net 

An excellent popular introduction to electrical 
science and tho practical uses of electricity, 
Spinning Tops. By John Perry. Illustrated. S.P.C.K. 

2s. (id. 

A vivid introduction to the study of the prin- 
ciples of rotation, which govern equally tho 
movements of the solar system, the gyrostat 
which steadies tho torpedo, and the child’s 
spinning-top. 

The Wonders of Modern Chemistry. By J. C. Philip. 

165 pages. Illustrated. Seeley . . 2s. 

A popular and up-to-date account of tho 
chemical elements, metals, acids and alkalis, 
natural waters, combustion, flame, etc. 

Radiation. By P. Phillips. 91 pages. Illustrated. 

Jack fid. 

The radiation of energy, as in light, heat, and 
the Hertzian waves which arc utilised in wire- 
loss telegraphy, simply but scientifically 

described. lladio-activity, such as that of 

radium, is excluded from this work. An 
excellent popular handbook, dealing with all 
the mysteries of waves in the ether, including 
the newly discovered fact of light-pressure. 

The New Physics and Its Evolution. By Luclen 
Poincard. 344 pages. Kegan Paul . . 5s. 

A very valuable review of the results at which 
physicists have been arriving during the last 
ten years or so. Tho author tries to show how 
tho ideas prevailing today have been formed 
by tracing their evolution and transformations. 
Questions that remain in a confused state 
are put on one side. M. Poincare keeps a cool 
head in the midst of many enthusiasms. 

Organic Chemistry. By Victor von Richter. English 
translation by E. F. Smith. Two vols. Illustrated. 

Kegan Paul 30s. 

Highly technical, but a standard work. A book 
not to be read, but to be consulted. 

The Pressure of Light. By J. H. Poynting. Illus- 
trated. S.P.C.K 2s. 

An interesting monograph, by the Professor of 
Physics at Birmingham, on the recently 

5°93 



HARMSWORTH POPULAR SCIENCE 


discovered pressure which is exercised by light. 
Probably this pressure, which was hitherto 
entirely unsuspected, will greatly alter scientific 
views with regard to the propagation of light. 
The Theory of Sound. By Baron Rayleigh. Two 
vols. Illustrated. Macmillan . . 24s. net 

A highly technical and mathematical study of 
acoustics, suitable only for advanced students. 

The Mechanics of Daily Life. By V. P. Sells. 176 

pages. Illustrated. Methuen . . 2s. 6d. 

An elementary manual, not on the mechanics 
of life , but on elementary mechanics; e.g., the 
lever, pulley, screw, pump, etc. Has the 
advantage that it does not use mathematics. 
Matter and Energy. By Frederick Soddy. 253 pages. 

Williams and Norgate Is. 

This little book, by the lecturer in physical 
chemistry and radio-activity of the Glasgow 
University, deals in a clear and simple way 
with the recent discoveries which have united the 
sciences of physics, chemistry, and electricity. 
The chapter on radio-activity is of special 
interest, the writer being an eminent authority. 
Wireless Telegraphy. By A. T. Story. 225 pages. 
Illustrated. Hodder and Stoughton . . ls.net 

An admirable popular introduction to this sub- 
ject, dealing not only with the Marconi but 
also with other rival systems, and entering into 
the historical, electrical, mechanical, and 
practical aspects of the new method of com- 
munication. The book is quite recent, dealing 
with events and inventions of 1912. 

Introduction to Mathematics. By A. N. Whitehead. 

250 pages. Williams and Norgate . . Is. 

A popular introduction to various branches of 
mathematics, including dynamics, conic sections, 
trigonometry, the differential calculus, etc. To 
take advantage of this book the reader needs' 
no advanced knowledge. 

The Atomic Theory. By A. Wurtz. 344 pages. 
Kcgan Paul . . . . . . . . 5s. 

A review and discussion of the growth of the 
atomic thoory, noting the work done by suc- 
cessive investigators, hut written rather for the 
student than for the general reader. 

Metallurgy. By H. Wysor. 308 pages. Illustrated. 

Williams and Norgate 12s. 6d. net 

“ A condensed treatise for college students and 
any desiring a general knowledge of the sub- 
ject. n Text and illustrations are alike excellent. 
Popular Electricity. By W. Hibbert. 205 pages. 

Illustrated. Cassell 3s. 6d. 

Gives a bird’s-eye view of the many applications 
of electrical power ; deals with dynamos, electric 
furnaces, electric lighting, and electric bells. 
Has chapters on telegraphy and telephony, elec- 
tro-plating, wireless telegraphy, and electric 
motors. Finally, discusses X-rays and radium. 
Inventions in the Nineteenth Century. By Williaih 
H. Doolittle. 495 pages. Chambers 5s. 

An admirable survey of the inventive genius of 
the nineteenth century and of its great achieve- 
ments. Most comprehensive, embracing inven- 
tions of every kind — in agriculture, chemistry, 
medicine, surgery, dentistry, engineering, trans- 
portation, electricity, housing, conveying, 
storing, hydraulics, pneumatics, heating, venti- 
lating, cooking, lighting, refrigerating, metal- 
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lurgy, guns and ammunition, explosives, print- 
ing, typewriting, textiles, clothing, wood-work- 
ing, furniture, bottling, preserving, leather, 
clocks, instruments of precision, music, optics, 
photography, safes and locks, ships, pottery, and 
a host of things inside and. outside these subjects. 

Chemistry. By Sir W. A. Tgden. 108 pages. 

Illustrated. Dent Is. not 

Attempts to explain the fundamental principles 
of chemistry to a reader entirely ignorant of the 
subject. An excellent elementary introduction 
by a first-rate authority. 

Crystalline Structure and Chemical Constitution. By 
A. E. H. Tutton. 204 pages. Illustrated. Mac- 
millan 5s. net 

Presenting, in a concise manner, the author’s 
original contributions to the problem of the 
relation between the form, structure, and 
physical properties of crystals and the chemical 
composition of the substances composing them. 

Modern Views of Electricity. By Sir Oliver Lodge. 

534 pages. Illustrated. Macmillan . . 6s. 

This volume expounds the ethereal doctrine of 
electricity. “Crudely, one may say that as 
heat is a form of energy, or a mode of motion, 
so electricity is a form of ether or a mode of 
ethereal manifestation.” This doctrine is 
developed by gradual stages, under the main 
headings : Electrostatics ; conduction ; mag- 
netism ; radiation. A clear and scientific 
exposition. 

Chemistry in Space. By Van't Hoff. Clarendon 
Press . . . . . . . . . . 4s. Gd. 

The book in which Van’t Hoff “solved, to a 
certain extent, and for carbon compounds only, 
the problem as to the position of the atoms in 
the molecule.” Ten years earlier ho had intro- 
duced his theory in a pamphlet in Dutch. It 
was now formally set forth and argued, and 
since has been made the basis of organic 
chemistry, and has secured the Nobel Prize for 
originality and usefulness. 

The Nature of Mathematics. By P. E. B. Jourdain. 

Jack . . . . . . . . . . 6d. 

The purpose of this volume is to show how and 
why mathematical methods grew up. Very little 
attention is paid to the arithmetic, geometry, 
and algebra of the textbooks, but the develop- 
ment of mathematics is carefully traced, so as 
to lead up to their essential nature. 

Dynamics. By Peter Guthrie Tait. 373 pages. 

Black -7s. 6d. 

Reproduced from a contribution by the late 
Professor Tait to the “ Encyclopaedia Britan- 
nica,” and extended to be a general intro- 
ductory survey of the subject for students. The 
mathematics used are beyond the range of the 
general reader. 

The Science of Light. By Percy Phillips. 92 pages. 

Illustrated. Jack 6d. 

An elementary introduction to the subject, 
probably as simple in treatment as such a sub- 
ject can possibly be. 

Light and Photography. By Hr Vogel and A. E. 
Garrett. 390 pages. IUus. Kegan Paul 12s. 6d. 
An historical sketch of the discovery of photo- 
graphy, followed by a study of the^ chemical 
action of light, a description of lenses, plates 
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and filing and camera appliances. Then a dis- 
cussion of the art of photography and the three- 
colour process leads to the latest developments 
of Rontgen ray and micro-photography, photo- 
telegraphy, and the cinematograph. 

Heat for Advanced Students. By Edwin Edser. 

478 pages. Diagrams. Macmillan . . 4s. 6d. 

A comprehensive^account of the science of heat, 
both from a theoretic and experimental point of 
view, but without the use of the higher mathe- 
matics. Intended primarily for students with an 
elementary knowledge of physical principles, but 
without the training necessary in using the more 
advanced textbooks. 

The Recent Development of Physical Science. By 
W. C. D. Whetham. Illus. John Murray 5s. 
This book brings together in concise form much 
of the new knowledge of our time, dealing with 
the philosophical basis of physical science, the 
liquefaction of gases, and the absolute zero of 
temperature, fusion and solidification, the 
problems of solution, the conduction of elec- 
tricity through gases, and radio-activity. 

Advanced Exercises In Practical Physics. By 
Arthur Schuster and Charles H. Lees. 376 pages. 
Illustrated. Cambridge University Press 8s. 

Intended for students who have obtained an 
elementary knowledge of experimental work in 
physics and desire to become acquainted with 
the principles and methods of accurate measure- 
ment. Selected and typical exercises are given, 
with a view to encouraging accurate work. 

The Autobiography of an Electron. By Charles R. 
Gibson. 216 pages. Illustrated. Seeley. 3s. 6d. 
Believing that if the story of modern science 
were told in a very popular form it would 
interest a large public, the writer lets one of 
the smallest invisible particles of matter tell the 
tale of its existence. So simply written that 
intelligent children can become acquainted with 
the recent advances in physical science. 

Recent Advances in Physical and Inorganic Chemistry. 
By Alfred W. Stewart. 272 pp. Longmans 7s. 6d. net 
Deals with researches that have been carried 
wut in the last twenty years. The chief aim of 
the author was to avoid, as far as possible, 
themes that have been fully dealt with in text- 
books, so as to attain a novelty in the subject- 
matter. Treats of experimental chemical geo- 
logy, radio-activity, the rare earths, and the 
fixation of nitrogen. 

The Conservation of Energy, being an Elementary 
Treatise on Energy and its Laws. By Balfour 
Stewart. 180 pages. Illus. Kegan Paul 5s. 
In this book tne universe is regarded as a thing 
l omposed of atoms, with some sort of medium 
between the atoms as the machine, and the laws 
nf energy as the working of this machine. 
Treats, in simple language, of the transmuta- 
tions of energy, its conservation and dissipation, 
md life as dependent upon the sun. 
Radlo-Aetlve Substances and their Radiations. By 
E. Rutherford. 609 pages. Illustrated. Cam- 
bridge University Press . . . . 15s. net 

The most complete and up-to-date work on the 
■'Ubject. Gives the new methods of counting the 
particles, and deals with the absorption of 
radiations by matter. Describes the thirty-two 


radio-active substances now known, and ends 
with a chapter on the radio-activity of the earth 
and atmosphere. A classic work, by a master 
of the subject who has made this study especi- 
ally his own, and is a supremo authority. 
Outlines of Physical Chemistry. By George Senter. 
387 wages. Illustrated. Methuen . . 5s. 

An elementary introduction to the science, but 
the writer assumes that the student lias some 
knowledge of chemistry and physics. Deals in 
considerable detail with- the branches of the 
subject that usually present most difficulty to 
the beginner, such" as the theory of solutions, 
the principles of chemical equilibrium, and 
electro-motive force. Electro-chemistry is fully 
treated. Suitable for electrical engineers. 

The Scientific Foundations of Analytical Chemistry. 
By Wilhelm Ostwald. Translated by O. M‘(Jowan. 
247 pages. Macmillan . . . . 6s. net 

An elementary work on the art of breaking up 
compounds into their elements and determining 
their nature; deals with the newly discovered 
knowledge and laws that now permit the theory 
of analytical reactions to be formed. A standard 
work, by a master of modern science. 

A Textbook of Inorganic Chemistry. By G. S. 
Newth. 724 pages. Illus. Jiongmans 6s. 6d. 
Contains a sketch of the fundamental principles 
and theories upon which the science of modern 
chemistry is built. This is followed by a study 
of the four typical elements — hydrogen, oxygen, 
nitrogen, and carbon — and their important com- 
pounds. In the last part of the book the 
elements are treated in a systematic manner, 
according to the periodic law. 

The Polariscope in the Chemical Laboratory. By 
George W. Rolfe. 320 pages. Illustrated. Mac- 
millan 8s. net 

The polariscope is largely used in the sugar 
industry, to distinguish the quality of the sugar 
solutions. The writer devotes much space to 
the methods in use in sugar manufacture, and 
also describes the part played by the polariscope 
in brewing, starch industries, and food and drug 
analysis. There is a chapter on the application 
of the polariscope in scientific resourch. 

Chemical Research in Its Bearings on National 
Welfare. By Emil Fischer. S.P.C.K. Is. 6d. 

An impassioned plea for pure scientific chemical 
research, by one of the greatest of living 
chemists. Fischer points out the value of the 
great German industrfes that have been built on 
modern chemistry, and shows how England 
suffered by taking a narrow view of chemistry. 

The Gases of the Atmosphere : the History of their 
Discovery. By Sir William Ramsay. 308 pages. 
Illustrated. Macmillan . . . . 6s. net 

Having taken a leading part in the recent dis- 
covery of the rarer elements of the common air, 
tho author relates the interesting and in- 
structive discovery of oxygen and nitrogen and 
tho other gases in the atmosphere in which we 
live. A standard work. 

Light for Students. By Edwin Edser. 579 pages. 

Illustrated. Macmillan . . . . 6s. 

Written for those who wish to acquire an 
accurate and comprehensive knowledge of geo- 
metrical and physical optics. In many instances 
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results of recent researches are described in con- 
nection with the laws they elucidate. The 
mathematical investigations are rendered as 
simple as possible, and many illustrative experi- 
ments are described. 

Physical Chemistry : its Bearings on Biology and 
Medicine. By Charles Philip. Arn old 7s. 6d. net 
A series of chemical lectures to students of bio- 
logy. Gives an outline of the modern discoveries 
of chemical processes which have an important 
relation to the processes of living tissues. Col- 
loids and solutions and similar phenomena are 
clearly and accurately explained. 

A Textbook of Organic Chemistry. By A. Bemthsen. 

Translated and revised by J. J. Sudborough. 674 

pages. Blackic 7s. Od. 

Based on a German work, but revised and 
brought up to date by a well-known Welsh 
chemist, the book aims at laying stress upon 
the general principles of the science and the 
relationships of substances rather than being 
a collection of isolated facts. 

Practical Microscopy. By F. S. Scales. 334 pages. 
Illustrated. Baillierc . . . . 5s. net 

A revised and extended edition of a useful hook 
for beginners in microscopic work. Has chapters 
on the choice of a microscope and the accessories 
needed. Very good in the manipulation of the 
instrument, providing the practical information 
and advice that amateurs want. 

Elementary Physical Optics. By W. E. Cross. 312 
pages. Clarendon Press . . . . 3s. fid 

An attempt by a teacher to present the difficult 
study of light in the most practical way. The 
aim of the author has been to make the subject 
really educative instead of introducing problems 
that may he solved mechanically. 

The New Knowledge. By Robert Kennedy Duncan. 

257 pages. Ulus. Hoddcr and Stoughton (is. net 
A popular account of the new physics and the 
now chemistry in their relation to the new 
theory of matter. Deals with the discoveries of 
Monsieur Curie, J. J. Thomson, Ernest Ruther- 
ford, and Frederick Soddy in a very readable 
and instructive way. 

Inorganic Chemistry. By E. C. C. Baly. Jack Gd. 
In an interesting introductory chapter Professor 
Baly *hows how the modern conceptions of 
chemistry were progressively reached tli rough 
the work of Dalton, Berzelius, Gay-Lussac, 
Boyle, and Avogadro. Ho then deals with 
formulae and equations; .elements and com- 
pounds; salts; chemical analysis and chemical 
reaction, and concludes with spectroscopy — a 
wide range, covered with a skilful simplicity. 

Organic Chemistry. By J. E. Cohen. Jack fid. 
The extreme difficulty of explaining so 
exclusively technical a subject as organic 
chemistry — that branch of the science of chemis- 
try which treats of the compounds of carbon — 
is surmounted in this volume probably as well 
as it ever can be surmounted for general study. 

Elementary Mechanics. By G. Goodwill. 230 pages. 

Clarendon Press 4s. 6d. 

Professor Carey, of Liverpool University, writes 
an introduction to this hook, in which he says 
it recasts the order in which the subject of 
mechanics is presented to the student, and also 
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widens the rango of the subjects usually pre- 
sented. It is based on experimental work; it 
introduces simple experiments which help the 
student to understand the fundamental notions 
of mechanics, and in many ways shows a most 
helpful originality. 

A Course of Elementary Practical Physics. By 
H. V. S. Shorter. In two parts. Part I., Mensura- 
tion, Mechanics, Hydrostatics, 9 ' 112 pages, 2s. ; 
Part II., Heat, 216 pages, 3s. Clarendon Press. 

This course of study has been in use for several 
years at King Edward the Seventh’s School, 
Sheffield. The author, who is the senior science- 
master there, claims that it combines the 
advantages of the older system of giving instruc- 
tion by lectures and the newer system of 
cultivating the spirit of intelligent inquiry on 
the part of the pupils. The book is especially for 
use by teachers and in schools. 

Colour In Nature. By Marion I. Newbigin. 344 

pages. Murray 7». fid. 

An attempt to set forth the main known facts 
in regard to the pigments and colours of plants 
and animals. It treats of the deeper problems of 
the subject, but the style in which this is done 
is lucid and attractive. A collection of wonder- 
ful facts and incomplete theories. 

Elements of the Mathematical Theory of Electricity 
and Magnetism. By Sir J. J. Thomson. 550 pages. 
Cambridge University Press . . . . 10s. 

Gives an account of the fundamental principles 
of the modern theory of electricity and mag- 
netism, using only simple mathematics. A 
work by one of thd master-minds of •science, but 
suitable for students with an acquaintance with 
the elementary principles of the differential 
calculus rather than for the general reader. 
Light. By E. J. Houston. 349 pages. Illustrated. 

Chambers 3s. Od. 

A hook for beginners, dealing with such popular 
subjects as reflection and refraction ; looking- 
glasses and burning-glasses; the kaleidoscope, 
the microscope and t her camera ; eye-glasses and 
the human eye; lamps and incandescent lights; 
the X-rays; the spectrum in rainbows; light- 
houses and searchlights. 

Magnetism. By E. J. Houston. 525 pages. Illustrated. 

Chambers . . 3s. fid. 

In a popular way Dr. Houston tells of magnetic 
batteries and currents; lodestones; magnets 
that remember and magnets that forget; the 
compass and its variations ; peculiarities of the 
earth’s magnetism; and the Northern Lights. 
A book of common marvels attractively dis- 
played. 

Electricity and Magnetism. By James Clerk Maxwell. 

Two vols. Clarendon Press . . . . 32s. 

One of the great books of science. It was in this 
book that Clerk Maxwell constructed his famous 
theory of electricity in which action at a dis- 
tance should he replaced by action through a 
medium ; and in it he enunciates the principles 
of an electro-magnetic theory of light which 
has formed the basis of much modern progress 
Electric Waves. By Heinrich Hertz. Translated by 
D. E. Jones. With a preface by Lord Kelvin. 278 
pages. Illustrated. Macmillan . . 10s. net 

A first-hand account of the researches on the 
propagation of electric action through space. 
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that led & the disoovery of wireless telegraphy 
and telephony. Hertz describes how he was 
first led to carry out his experiments, and relates 
how his endeavours, long fruitless, were at last 
brought to a successful conclusion. Tho first 
part of the book is fairly easy; the latter part 
is rather abstruse. 

An Introduction to Chemistry and Physics. By 
W. H. Perkin and B. Loan. Macmillan 3s. 6d. 
Intended as a manual for students. Deals with 
birth of chemistry ; measurements of mass, 
temperature, and volume; preparation of the 
common acids and alkalis, and formation of 
salts. In the second part are explained the 
study of fire and air; the rusting of iron; the 
discovery of the metals; the composition of 
water and properties of gases, and the trans- 
formation of matter. 

Elementary Lessons In Electricity and Magnetism. 
By Sllvanus P. Thompson. 626 pages. Illustrated. 
Macmillan . . . . . . . . 4s. 6d. 

Deals with the progress of research up to 
Hertz’s discovery of electric waves, and his con- 
firmation of Clerk Maxwell's theories. Presents 
with clearness and brevity an elementary 
exposition of the leading phenomena of their 
relations to one another. Has a valuable chapter 
on dynamos and transformers, on which the 
author writes with authority. 

Heat, a Mode of Motion. By John Tyndall. 591 

pages. Illustrated. Longmans . . . . 12s. 

No book written by Tyndall explains his great 
popularity as a lecturer and writer so clearly 
as this. It is graphic, experimental, instructive ; 
but, more than that, it has tho glow of 
enthusiasm which kindles feeling. The avowed 
object of it was to arouse interest as well as to 
impart knowledge, and this it does by tingoing 
all its pages with tho personality of the teacher. 

Natural Sources of Power. By Sir Robert Ball. 348 

pages. Illustrated. Constable . . 6s. net 

Water-power and methods of measuring, and 
application to driving of machinery. Various 
types of turbines and construction of water- 
power plants; wind-pressure and methods of 
measuring; tho application of wind-power to 
industry; the construction of modern windmills 
and the cost of power generated by them. 

Progress of Scienee in the Nineteenth Century. By 
J. Arthur Thomson. 536 pages. Chambers. 5s. net 
A record of some of the great achievements of 
scienee during the nineteeth century, dealing 
chiefly with discoveries in relation to matter and 
energy, and the science of organisms and psycho- 
logy, anthropology, and sociology. Like all Pro- 
fessor Thomson’s books, the treatment is in 
every way excellent. 

Lectures on Sound. By John Tyndall. 335 pages. 
Illustrated. Longmans . . . 10s. 6d. 

An attempt to render the science of sound 
interesting to persons who do not possess any 
special scientific culture. The subject is treated 
throughout by experiment, and Tyndall writes 
so vividly that the reader realises each descrip- 
tion as an actual operation. One of the 
standard books on the subject, by a man who 
was a master of literary effect, as well as of 
scientific knowledge. 
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The Wonderful Century. By Alfred Russel Wallace. 

400 pages, ('harts. George Allen . . 7s. fid. net 

An appreciation of the nineteenth century — its 
successes and failures. Successes embrace means 
of travel ; labour saving ; conveyance of thought ; 
tire and light and their applications ; and dis- 
coveries ill physics, chemistry, astronomy, geo- 
logy, and physiology. The failures, in tho 
author’s view, are the neglect of phrenology ; 
the opposition to hypnotism and psychic 
research; the “delusion.’’ of vaccination; the 
spread of militarism and greed, and the plunder 
of the natural treasures of tile earth. 

Electrons ; or, the Nature and Properties of Negative 

Electricity. By Sir Oliver Lodge. 245 pages. 

Bell Gs. 

Tin’s book has developed from an address on tho 
recent discoveries respecting the nature of elec- 
tricity. It discusses the evidence that the con- 
stitution of matter is electrical in its ultimate 
form. Sir Oliver holds that scientific outlook 
is greatly changed by the new knowledge that is 
being gained concerning radio-actfvity and 
electrical phenomena. 

The Bccquerel Rays and the Properties of Radium. 

By Hon. R. J. Strutt. 215 pages, illustrated. 

Arnold . . . . . . . . 8s. (kl. 

Written with the object of giving a clear and 
simple account of the phenomena of radio- 
activity without sacrificing accuracy of state- 
ment. Intended for the general reader with 
little or no previous scientific knowledge. Ends 
with a chapter on tho electrical theory of the 
nature of matter. 

A History of the Cavendish Laboratory, Cambridge. 

342 pages, illustrated. Longmans 7s. (id. net 
A hook in celebration of the twenty-fifth year 
of Sir J. J. Thomson’s tenure of tho Cavendish 
professorship. Gives the story of the building 
of the laboratory by tho Duke of Devonshire, 
and the work done in it under Clerk-Maxwell, 
Lord Rayleigh, and Sir J. J. Thomson. There 
is no post in the world which has been held 
successively by three men of such supreme 
genius. Their experiments, ideas, and teaching, 
have changed the foundations of some important 
branches of science. 

The Chemistry of Fire. By M. M. P. Muir. 163 

pages. Illustrated. Methuen . . 2s. fid. 

Setting forth in a simple way the chief prin- 
ciples of chemistry, by the study of the burning 
of a candle. The close connection between the 
science of chemistry and tho occurrences of 
everyday life is emphasised. 

The Chemistry of the Radio-Elements. By Frederick 

Soddy. 92 pages. Longmans . . 2s. fid. net 

A summarised account of recent progress on 
the main lines of research in radio-activity. 
Gives a general description of»radio-activity, and 
tho periods of average life of radio-active sub- 
stances, \yith a classification of the new kind 
of elements. Further, it deals in detail with the 
latest researches on radium, uranium, thorium, 
and similar forms of matter. 

The Principles of Chemistry. By D. Mendel&ff. 

Two vols. Illustrated. Longmans 32s. 

One of the great classics of science, by the 
Newton of modern chemistry, discoverer of the 
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periodic law in tlio relation of the elements of 
tin? universe. It was in writing this hook, 
which aims at presenting the generalisations 
rather than the facts of chemical research, that 
the famous Russian man of science made his 
great discovery. Begins with simple facts, and 
ends in magnificent generalisation. 

Colour Sense. By Grant Allen. 282 pages. Kegan 

Paul 10s. fid. 

An attempt to prove that the colour-sense of 
mankind dates hack to the earliest appearance 
of our race upon earth, and that it is partly 
connected with sexual selection. Discusses the 
colour-sense in insects, birds, and mammals, and 
its relation to the flowers and fruits which 
animals feed on. Concludes with chapters on 
the artistic vajuc of colours. 

Fragments of Science. By John Tyndall. Two 

vols. Longmans . . . . . . lfis. 

The first volume of this celebrated series of 
scientific essays deals with the laws and 
phenomena of matter; the second volume 
touches on questions in which the problems of 
matter are interlaced with those of mind. 
Brilliant and clear in style, covers a wide field 
of knowledge, and is rationalistic yet sympa- 
thetic in discussing tin? clash of scientific ideas 
with religions dogmas. Professor Tyndall’s 
u New Fragments,” a later companion volume, 
is published by Longmans at 10s. fid. net. 
Electrons ; or. the Nature and Properties of Negative 

Electricity. By Sir Oliver Lodge. 243 pages. Bell. (is. 
A discourse on recent progress towards know- 
ledge of the nature of electricity, especially as 
concerns atomic structure. The greater part 
of the text is written in the plain, energetic 
English characteristic of the author, but a 
few mathematical equations are introduced. 

TextbDOk on Sound. By Edwin H. Barton. fi87 

pages. Illustrated. Macmillan . . 10s. net 

A hook distinctively for students. It embraces 
both the experimental and theoretical aspects 
of sound. The various typical musical instru- 
ments are discussed from the view-point of the 
physicist. The hook covers the whole subject 
for examination purposes, and by its illustra- 
tions and exercises ranks as a useful classhook. 
The Electron Theory. By E. E. Fournier d'Albe. 327 

pages, illustrations, Longmans . . 5s. net 

A popular introduction to the new theory of 
electricity and magnetism, largely based on 
Johnstone Stpnoy’s views. A suggestive and 
stimulating speculation in regard to the 
ultimate problems of matter and force, by a 
writer with original ideas. 

Elements and Electrons. By Sir William Ramsay. 

172 pages. Harper . . . . . . 2s. fid. net 

A brief first-hand account of the now theory of 

the transformation of matter, by the boldest 
and most successful of experimenters. De- 
scribes the modern advances in the study of 
matter, and discusses the evolution of the atom, 
and the changing of one element into another. 
Radio-Activity and Geology. By J. Joly. 287 pages. 

Illustrated. Constable . . . . 7s. fid. net 

An account of the influence of radium and other 
forms of radio-active energy on the history of 
the earth. Shows how Lord Kelvin’s estimate 
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of twenty million years for the age of 'the earth 
has been upset by modern discoveries. An 
interesting and clearly written account of the 
present state of the problem. 

Light, Visible and Invisible. By Silvanus P. Thomp- 
son. 294 pages. Illustrated. Macmillan, fis. net 
A brilliant, simply worded, and scientific account 
of ordinary light, the invisi hie 'part of sunlight, 
and cathode rays, and Rontgen rays. The 
standard l>ook on the subject of a popular sort, 
written by a first-rate man of science who lias 
the art of explaining difficult things in a grace- 
ful and easy way. 

The Corpuscular Theory of Matter. By Sir J. J. 
Thomson. 172 pages. Constable . . 7s. fid. 

Describes the author’s famous experiments that 
resulted in the breaking up of the atom into 
electrons or corpuscles, consisting of charges of 
negative electricity. One of the master-works 
of modern science, originally delivered in the 
form of lectures at the Royal Institution. Diffi- 
cult in places for the general reader, but worth 
tackling, even by him. 

Studies in Radio-Activity. By W. H. Bragg. 19<> 

pages. Illustrated. Macmillan . . fis. net 

An account at first-hand of some very interest- 
ing experiments with X-rays and similar ravs 
emitted by radium. Professor Bragg contends 
that these rays are not waves or pulses of 
electro-magnetic energy, hut minute particles 
of matter. This theory, however, has just been 
overthrown by the discovery that X-rays are 
very small electric waves. 

Liquid Air, Oxygen, and Nitrogen. By Georges 
Claude. Translated by H. E. P. Cottrell. 418 
pages. Illustrated. Churchill .. I8s.net 
Gives a sketch of the attempts to reduce gases 
to a liquid state, and the various commercial 
processes for the liquefaction of air. Discusses 
the properties of liquid air, and tho part played 
by Dewar in inventing the means of storing it. 
A practical work on the subject. 

LIFE 

Embracing Biology, Evolution, Here- 
dity, and Microscopic Study. 

Evolution. By Patrick Geddes and J. A. Thomson. 

248 pages. Williams and Norgate .. ls.net 

These? two authors Vave collaborated before?, ;is 
in their famous “ Evolution of Sox.” Here 
they give ail excellent summary of the principal 
facts and theories relating to organic evolution. 

The Biology of the Seasons. By J. Arthur Thomson. 

384 pages. Illustrated. 3lelro.se . . 10s. fid. net 

Intended for all who enjoy the pageant of the 
year and the drama of the seasons, and who 
see something of the evolutionary flow of things 
in the annual spectacle. Tin* aim of the book 
is to get at the gist or inwardness of the yearly 
drama without going too minutely into the 
details of the successive scenes. Vivid, interest- 
ing, and thought-providing. 

The Evolution of Sex. By Patrick Geddes and J. 
Arthur Thomson. 342 jwiges. Illustrated. Walter 
Scott . . . . . . . . . . 6a. 

A famous book, not to be overlooked by any 
student of this difficult problem. Its central 
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thesis is to present an outline of the main 
processes for the continuance of organic life,” 
and “to point the way towards the interpreta- 
tion of these processes in those ultimate biologi- 
cal terms which physiologists are already 
reaching as regards the functions of individual 
life — those are the constructive and destructive 
changes of livingomatter of protoplasm.” 
Heredity. By J. Arthur Thomson. 621 pages 
Illustrated. Murray . . . . . . 9s. net 

An up-to-date and comprehensive introduction 
to the study of heredity, followed hy a remark- 
able bibliography and a subject index for 
enabling the student to pursue inquiry further 
on particular points. Professor Thomson is 
admittedly a follower of Weismaim. His hook 
gives prominence to conclusions reached first hy 
the microscopic study of tin* germ-cells ; secondly 
hy the application of statistical methods, and 
third through experiment. 

Darwinism and Human Life. By J. Arthur Thomson. 

245 pages. Melrose . . . . . . 5s. net 

Darwinism, and an estimate' of the present 
position of the Darwinian theory in relation 
to the work of Mendel and I)e Vries. An 
endeavour is also made to suggest how Darwin- 
ism touches everyday life, in farm and 
garden, in city and empire. Written in a 
clear and attractive way, and delivered in the 
form of lectures in South Africa in 1909. 

The Wonders of Life. By Ernst Haeckel. English 
translat ion by J. McCabe. 1 60 pages. Wat t s. 1 s. not 
A “ popular study of biological philosophy.” 
Learned, clear, and suggestive, marked hy a 
tom* of aggressive agnosticism, and represents 
a mode of thought which is rather of yesterday 
than of today. The hook has four main 
sections, dealing with the knowledge of life, 
the nature, of life, tin* functions of life, ami 
tin* history of life. The fourth contains 

Haeckel’s exposition of his “ monism.” 

The History of Creation. By Ernst Haeckel. Revised 
by Sir E. Ray Lank ester. Two vols. Illustrated. 
Kegan Paul .. .. .. .. 18s.net 

The object of this important hook is to describe 
the development of the earth and its inhabitants 
by tbe action of natural forces. A popular 
exposition of the doctrine of evolution in 
general, and that of Darwin, Goethe, and 
Lamarck in particular. Gives a sketch of 
the development of life, and the migration and 
distribution of the human species. 

The Evolution of Man. A Popular Scientific Study. 
By Ernst Haeckel. Translated by .1. McCabe. 

Two vols. Illustrated. Watts .. 12s.6d.net. 

An attempt to trace the series of man’s 
ancestors, and to indicate the several stages in 
animal organisation which led up to his appear- 
ance. Largely based on the study of embryos. 
A bold attack on an obscure and difficult 
problem. There is still much dispute as to the 
line of human ascent from the lower animals. 
The Principles of Biology. By Herbert Spencer. 

1366 pages. Williams and Norgate .. 36s. 

The aim of this work is to set forth the general 
truths of the study of life as. illustrative of the 
laws of evolution ; it also shows how a knowledge 
“f these laws helps to illumine and interpret 
[ the facts of biology. In regard to the manner 


in which life evolved. Spencer holds to Darwin’s 
theory ot natural selection, but allows some- 
thing to the inheritance of acquired character. 
Various Fragments. By Herbert Spencer. 156 pages. 

Williams and Norgate . . . . . . 4s. 

\ aluable for tile articles on social and ethical 
evolution, that give the last, ideas on life of a 
great thinker. Some of the papers are criticisms 
of the work of other sociologists. 

The Effects of Cross and Self Fertilisation in the 
Vegetable Kingdom. By Charles Darwin. 187 
pages. Murray . . . . . . 9s. 

Most flowers arc* constructed so as to be ferti- 
lised by pollen from another llower. Self- 
fertilisation leads more easily to produc tion of 
seeds; cross-fertilisation helps a species of 
plant to take advantage* of slight changes in 
the conditions of life, making it more* adapt- 
able*. Darwin found also in bis experiments 
that cross-fertisation increased tin* vigour, 
height, and fertility of plants. 

The Origin of Species by Means of Natural Selection. 
By Charles Darwin. 458 pages. Murray Is. 

Tile work that changed the principles and aims 
of biology and revolutionised tin* thoughts of 
man. Setting out from the variation of animals 
under dome .ideation, Darwin seeks for some* 
natural means of controlling tin* building up 
of species from gradually formed varieties, lie 
finds this control in the selective process of 
the struggle* for existence*, leading to the* sur- 
vival and multiplication of the fittest. 

Darwinism. By Alfred Russel Wallace. 5 It) page s. 

Illustrated. Macmillan . . . . 7s. Od. 

This exposition of the theory of natural selec- 
tion with some of its applications has a special 
value as being by Darwin’s co-discoverer of the 
principle. Tin* honk treats of the struggle for 
existence; variability in a state of nature and 
in domesticated animals and plants; natural 
selection; eross-hre*ediiig and hybridisation; 
origin and uses of colour in animals; mimicry ; 
sexual characteristics ; colours of plants; distri- 
bution of organisms; geole>gie*al evidences of 
evolution ; problems of variation and heredity, 
etc. Of value historically, hut needs to he read 
in combination with more recent works. 

Island Life. By Alfred Russel Wallace. 584 pages. 
Illustrated. Macmillan . . . . 7s. (>d. net 

A most delightful and masterly study of the 
phenomena and cause of insular Moras and 
faunas, with a revision and attempted solution 
of the problem of geological climates. The 
author is convinced that the distribution of tin* 
various species and groups of living tilings over 
the earth’s surface, and their aggregation ill 
definite assemblages in certain areas, is the 
direct result and outcome of a complex set of 
causes, biological and physical. Those causes 
are clearly and convincingly expounded. 

The World of Life. By Alfred Russel Wallace. 408 

pages. Illustrated. Chapman and Mall. 12s. Od. 
A self-made summary of the life-work, in the? 
realm of scientific thought, of one of the great- 
est of the pioneers of evolution, carrying on 
towards something like completion the work of 
Darwin. Wallace regards the age-long develop- 
ment of life as stages ill the growth towards 
man, the crowning product of the process. 
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Germ Life : Bacteria. By H. W. Conn. 212 pages. 

Illustrated. Hoddcr and Stoughton . . Is. net 
Recognising that bacteria arc generally 
regarded only as agents of disease, the author 
has here given a wider and more balanced 
view of the subject. He shows that these 
organisms “arc to be regarded not primarily 
in the light of enemies, but as friends.” The 
subject is ably treated in popular language. 
Evolution. By E. S. Goodrich. 108 pages. Illus- 
trated. Jock 6d. 

An examination, based on modern research, of 
the factors. which have moulded the evolution 
of living organisms. This is a subject which, 
from the days of Lamarck and of Darwin, has 
produced enormous controversy. But it is now 
less controversial, as it lias become more experi- 
mental ; and the main conclusions of modern 
biology will be found well summed up here. 
How to Use the Microscope. By Rev. C. A. Hall. 

88 pages. Illustrated. Black Is. 6d. 

This is a delightful and thoroughly practical 
little book for Nature lovers who desire to 
become acquainted with the microscope. It 
explains how a dissecting microscope may be 
extemporised, and how the author made a com- 
pound instrument with very little expense. 
Elaborate explanations are avoided ; just 
enough is told for the beginner’s guidance. 
Nature Study and Life. By Clifton H. Hodge. 514 

pages. Illustrated. Ginn . . . . 7s. 

This book is intended to meet and encourage the 
love of children for outdoor life. It begins 
with animal life and insects, after which come 
studies of plants and discussions of gardens. 
A great deal of scientific information is given 
in a manner very stimulating to outdooi 
practice and research. 

Life and Matter. By Sir Oliver Lodge. 200 pages. 

Williams and Norgato. . .. 2s.6cl.net. 

“ An exposition of part of the philosophy of 
science, with special references to the influence 
of Professor Haeckel.” An able essay, antago- 
nistic to materialism. 

The Prolongation of Life. By E. Metchnikoff. 343 

pages. Illustrated. Heinemann . . 6s. net 

This work is a sequel to the “The Nature of 
Man ” by the same author, who believes that 
science may greatly prolong the lives of 
individuals, and thereby solve some difficult 
social questions. An extremely optimistic 
essay by a great experimentalist. 

Outlines of Biology. By P. Chalmers Mitchell. 348 

pages. Illustrated. Methuen . . 6s. net 

This book is an invaluable manual for examina- 
tion students. It has been specially revised by 
Dr. G. P. Mudge to meet the requirements of 
the conjoint examining board of the Royal 
Colleges of Physicians and Surgeons of England. 
Heredity. By James Watson. 90 pages. Illustrated. 

Jack 6d. 

The Lecturer in Agriculture of Edinburgh 
University summarises the main facts of 
heredity, with special reference to variation, 
causes of variation, Mendelism, the problems of 
the practical breeder, and eugenics. The 
author is an ardent eugenist, but expects more 
results in that direction from popular education 
than from legislation. 
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Origin and Nature of Life. By 'Benjamin Moore. 

256 pages. Williams and Norgate . . Is. net 
This book, by the Professor of Bio-Chemistry in 
the Liverpool University, traces, as thoroughly 
as modern knowledge allows, the relation of the 
phenomena of life with chemical and non-vital 
processes. “Life probably arose as a result of 
the operation of causes which -,-jnay still be at 
work today, causing life to arise afresh.” 

The Universe. By F. A. Pouehet. 576 pages. Illus- 
trated. Blackie 7s. fid. 

This handsomely illustrated volume on “ the 
infinitely great and the infinitely little ” is an 
admirable popular treasury of facts relating to 
animals and plants of all kinds and in all 
parts of the world. A really sound hook to give 
to a boy or a girl, or to read oneself. 

The Laws of Heredity. By G. Archdall Reid. 540 

pages. Methuen . . . . . . 21s. net 

A work which deals very widely with the 
problems of inheritance, including studies of 
Lamarck’s doctrine, the Mendelian theory, 
immunity, alcoholism, physical deterioration, 
insanity, etc. Dr. Reid is far from being 
orthodox, but is always interesting. 

The Germ-Plasm : a Theory of Heredity. By A. 

Weismann. 477 pages. Illustrated. Scott. 6s. 
A translation, by Dr. W. Newton Parker, of 
the University College of South Wales, of a 
book which has been built into the very struc- 
ture of all philosophical thought with regard 
to heredity during the last twenty years, and 
which no faithful student of the subject can 
omit to road first-hand. 

The Child : A Study in the Evolution of Man. By 
Dr. Alexander Francis Chamberlain. 405 pages. 
Illustrated. Scott . . . . . . 6s. 

An extremely interesting hook, tracing the most 
important phenomena of human beginnings in 
the individual and the race. The child is 
treated as a revealer of the past, and as indicat- 
ing in its growth tlio progress of mankind. In 
making his investigations tho author has 
covered a wide range of literature ; indeed, the 
bibliography of hooks used fills thirty pages. 
The Story of Evolution. By J. McCabe. 340 pages. 

Illustrated. Hutchinson . . . . 7s. 6a. net. 

A popular and fascinating account of the 
development of the universe, from the birth of 
worlds, through the evolution of life, to the 
dawn of civilisation and the evolution of history. 
Learned and readable. A comprehensive and 
reliable summary of our knowledge up to 1912. 

Variation in Animals and Plants. By H. M. Vernon. 

415 pages. Kegan Paul . . . . . . 5s. 

The attention given to variation in animals is 
much more complete in this book than that 
given to plants. The author has proceeded on 
his own lines, both as regards experiment and 
the formation of opinion, and the book is the 
more interesting as the result of personal study 
by one who also is a wide reader. 

Evolution and the Function of Living Purposive 
Matter. By N. C. Macnamara. 298 pages. Illus- 
trated. Kegan Paul 5s. 

An endeavour to explain the evolution of and 
purposive functions performed by those elements 
of protoplasm essential for purposive, instinc- 
tive, and physical phenomena, with a view to 
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realising^ the importance of heredity in deter- 
mining the personal character of individuals, 
and the influence of environment in modifying 
innate qualities. 

Evolution and Disease. By J. B. Sutton. 285 pages. 

Illustrated. Scott 3s. 6d. 

Disease, as well as growth, has its natural 
history of increase and decline, and in this book 
the author traces, in animals as well as in man, 
the normal development of the abnormal. 
Manual of Bacteriology. By Robert Muir and James 
Ritchie. 605 pages. Illustrated. Hodder and 

Stoughton 10s. 6d. net 

A most valuable book, comprising a systematic 
description of the various kinds of bacteria, 
and a consideration of the evidence of their 
relation to various diseases. There is a splendid 
bibliography at the end. 

The Individual in the Animal Kingdom. By Julian 
S. Huxley. 167 pages. Illustrated. Cambridge 
University Press .. .. .. ls.net 

The author begins by framing a general defini- 
tion of the individual, and then tries to show in 
what way individuality so defined manifests 
itself in the animal kingdom. He argues that 
living matter always tends to group itself into 
closed, independent systems with harmonious 
parts. Though the closure is never complete, 
the independence never absolute, yet systems 
and systems and tendency alike have real 
existence. The unwieldiest individual, formless 
and blind today, says the author, is the State. 
Evolution, the Master-Key. By C. W. Saleeby. 359 

pages. Harper 7s. 6d. 

Writing in a clear and popular manner, Dr. 
Saleeby traces the principle of evolution in 
atoms and stars, living things, in the develop- 
ment of mind, and social affairs and morals. The 
work is largely based upon the ideas of Herbert 
Spencer, but is also up to date. 

The Microscope. By Jabez Hogg. Illustrated. 

Rout ledge . . . . . . . . 10s. 6d. 

An all-round book on the subject. It gives the 
history of the invention and its improvements, 
and deals very clearly with the practical use of 
tho microscope and its accessories. Tn the 
second part there are useful descriptions of tho 
commoner objects of microscopic study. 

Heredity. By L. Doncaster. 160 pages. Illustrated. 

Cambridge University Press . . . . Is. net 

A sketch of the most important lines of study in 
relation to heredity that have recently been 
followed. The reader is taken over the most 
modern developments by one who regards 
Mendelism as established, and who is a 
thorough-going disciple of Professor Bateson. 
Breeding and the Mendelian Discovery. By A. D. 
Darbishire. 282 pages. Illustrated. Cassell. 7s. 6d. 
Owing to Menders discovery that plants and 
animals are made up of character units which 
are inherited in an orderly fashion, it is now 
becoming possible to reduce the breeding of 
special varieties to a science, as Mr. Darbishire 
shows. Farmers, fanciers and gardeners will 
be interested in this work. 

The Science and Philosophy of the Organism. By 
HansDrlesch. Twovols. Black 21s. 

An abstruse and somewhat involved statement 
of a very interesting theory of life. The author 


regards the life-force as a self-governing thing ' 
that evolves according to its own laws and to the 
circumstances in which it is placed. Dr. Drieseh 
goes back to Aristotle for his ideas of life, hut 
interprets these ideas in the full light of modern 
research. 

Mendel's Principles of Heredity. By W. Bateson. 

430 pages. Illustrated. Cambridge University 

Press 12s.net 

A full and clear account of the new science of 
life, based on the recent rediscovery of tho 
neglected work of the greatest of Darwin’s con- 
temporaries, the Roman Catholic abbot Mendel. 
Professor Bateson gives an interesting sketch 
of Mendel’s life, and shows to what remarkable 
results his work is leading. 

Charles Darwin and the Theory of Natural Selection. 
By E. B. Poulton. 232 pages. Cassell. 2s. 6d. 
A concise and readable account of the strictly 
Darwinian view of the evolution of life, by an 
English professor who has done some fine work 
in the study of mimicry. Since, however, the 
book was written the rediscovery of Mendel’s 
law has rather altered tho complexion of some 
of the problems. 

Mendelism. By R. C. Punnett. 190 pages. Illus- 
trated. Macmillan 5s. net. 

Published in 1905, this little hook has con- 
tinually been extended in size, in order to deal 
with the progress of the new science of heredity 
and breeding, until it is now three times as 
large as it originally was. It deserves its 
popularity, for it is written in a lucid and broad 
manner by a first-rate authority. 

The Cell : Outlines of General Anatomy and Physio- 
logy. By Oscar Hertwig. Translated by M. Camp- 
bell. 384 pages. Illustrated. G. Allen. 7s. Gd. not 
A standard book on tho subject by the foremost 
European authority. Much has been done in 
the eighteen years since this translation of Pro- 
fessor Hertwig’s work was published, hut the 
book retains its value as an introductory study. 
The Cell In Development and Inheritance. By 
Edmund B. Wilson. 504 pages. Illustrated. 

Macmillan 15s. net. 

One of the standard works on the study of the 
living cell. It is for the most part written in 
highly technical terms, but when a reader has 
mastered the language he becomes acquainted 
at first-hand with one of the most famous pieces 
of research into tho mysterious kingdom of life. 
Problems of Life and Reproduction. By Dr. Marcus 
Hartog. 362 pages. Illustrated. Murray. 6s. net 
A general treatise on reproduction, formed from 
the author’s articles in various publications, 
supplemented and brought up to date. Among 
the subjects discussed aro cellular pedigree, the 
relation of blood-formation to cell-division, the 
function of chromatin, the transmission of 
acquired characters, and mechanism and life. 
Dr. Hartog is a “ reasonable vitalist,” opposing 
mechanistic explanations of life. 

Vestiges of Creation. By Robert Chambers. 176 

pages. Ro.'t ledge .. .. .. Is. 

The book which, in 1844, first brought tho idea 
of evolution popularly before tho people of tho 
British Tsles, and prepared the public mind for 
the writings of Darwin and the later evolution- 
ists. The views expressed in the book were 
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based largely on Lamarck. Religious in tone, 
it attested the reign of universal comprehen- 
sive laws, as against creative hats. Its science 
has now been superseded to a considerable 
extent by additional knowledge, but the work 
holds a place in the emancipation of the public 
from untested tradition in science. 

Outlines of Bacteriology. By David Ellis. 202 pages. 
Illustrated. Longmans . . . . 7s. 6d. net 

This book is written more particularly for the 
use of students of technical and agricultural 
bacteriology; but it will also servo as an intro- 
duction to all branches of tho subject. The 
aim has been to demonstrate the fundamental 
principles underlying the technical application of 
bacteriology, but matters of theoretical interest 
have also been introduced, because the science 
is in a stage when theoretical extension and 
investigation are highly important. A remark- 
ably comprehensive and interesting work. 

Experimental Embryology. By J. W. Jenkinson. 

341 pages. Illustrated. Clarendon Press. 12s. 6d. 
An attempt to discover the causes that deter- 
mine the form of an organism, and especially 
the origin of tho form in the individual. Has 
an appreciative chapter on the work of Hans 
Driescli, but refuses to accept the existence of 
any self-governing life-force. 

The Student’s Handbook of Stratfgraphical Geology. 
By A. J. Jukes-Browne. 668 pages. Illustrated. 

Stanford 12s. net 

Consists chiefly of tho description of the great 
stratified series of rocks that make up the mass 
of tho earth’s crust. Gives the history of tho 
earth as revealed in the fossil life of each 
stratum after tho earliest rocks. A first- 
rate handbook of tho present state of tho 
geological evidence of the ovolution of life. 

An Introduction to the Study of Biology. By J. W. 
Klrkaldy and I. M. Drummond. 250 pages. Illus- 
trated. Clarendon Press . . . . 6s. fid. 

Intended for beginners and general readers. 
Presents animals and plants as living organisms 
with many common traits, springing from a 
common origin and exhibiting a similarity 
underlying their diverse activities of life. 

Variation, Heredity, and Evolution. By Robert H. 

Lock. 334 pages. Illustrated. John Murray. 5s. 
Deals with recent advances in the study of these 
aspects of biology, and forms an admirable 
summary of the subject, clearly and interest- 
ingly written. A reliable and readable book 
for students and general readers. 

Microscopy. By Edmund J. Spitta. Illustrated. 

John Murray 12s. fid. net 

An admirable work on the construction, theory, 
and use of the microscope, designed to give 
students a complete understanding of the prin- 
ciples and possibilities and the effects of the 
instrument. A book to which microscope 
students may turn with confidence. 

Darwinism Today. By Vernon L. Kellogg. 402 

pages. Bell . . . . . . . . 7s. fid. net 

Snows the attitude of modern scientists in 
criticism of Darwin’s theories of selection, witli 
an necount of the various other theories of the 
formation of species. 
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Essays on Evolution. By E. B. Poulton. ,479 pages. 

Clarendon Press. ^ 12s. net 

A series of very readable papers by an Oxford 
professor of zoology. Disputes the new theory 
of certain writers of the Mendelian school that 
evolution sometimes occurs by jumps. Dis- 
cusses the various theories of heredity and 
evolution, and includes some essays 011 
mimicry, on which subject theMwriter is a well- 
known authority. Clearly written for the 
general reader, yet a most substantial contri- 
bution to the literature of science. 

Darwin and After Darwin. By G. J. Romanes. 
Three vols. Illustrated. Longmans.. 26s. the set 
An exposition of the Darwinian theory of tho 
origin of species and the descent of man, by 
a famous disciple of the master, followed by an 
instructive discussion of the chief post-Darwin- 
ian problems prior to the recovery of Mendel’s 
discoveries and tho revival of the theory of 
evolution by sudden jumps. The volumes arc 
sold separately. 

Darwin and Modem Science. Edited by A. C. Seward. 
595 pages. Illustrated. Cambridge University 

Press 18s. net 

Essays in commemoration of tho centenary of 
Darwin’s birth, and the fiftieth anniversary of 
the publication of the “ Origin of Species.” A 
sound, brilliant, and varied review of the 
various branches of the science of the evolution 
of life, as influenced by Darwin’s work. Every 
school of thought is fairly represented. 

Essays Upon Heredity. By August Weismann. 
Translated by E. B. Poulton. Schonland and Shipley. 
Two vols. . . . . . . . . 12s. fill. 

A now famous work, written with the view to 
prove that characteristics acquired by parents 
— bodily characteristics as distinct from the 
characteristics of the germ-cell — are not handed 
on to children. On Wcismann’s theory, tho 
germ-cell transmitted from generation to 
generation is tho source of all inheritable 
variations from which new species arise. 

Natural History of Selborne. By Gilbert White. 

Cheap editions 

A charming record of the observation of all 
kinds of natural happenings in bird life, plant 
life, weather, etc., within a very narrow range, 
from year to year. The chief use of the book 
now is its stimulation of the spirit of observa- 
tion, and its incitement to tho keeping of exact 
records, and it is written in easy language. 

The Evolution Theory. By August Weismann. 

Translated by J. A. and M. R. Thomson. Two vols. 

Arnold . . . . 32s. net 

A survey of the Darwinian theory of the 
origin of species, and a restatement of it from 
the point of view of the author’s own ideas. 
Weismann contends that no modifications of 
form or function that a parent or parents 
acquire are handed on to the children. He 
bolds that the variations that count and that 
are banded on occur in tho germ-cell. 

The Heredity of Acquired Characters In Plants. By 

the Rev. G. Henslow. 107 pages. Illustrated. 

Murray . . 6s. net 

The object of this book is to show that evolu- 
tion, so far as plants are concerned, depends 
upon the inheritance of acquired characters. 
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It is ap attack upon tho Neo-Darwinism of 
Weismann and his followers. A good many 
botanists are inclined to agree with Professor 
Henslow’s views, but students of animal life 
still largely hold to Weismann’s theory of 
evolution in the germ-plasm, the body of the 
parent having no influence. 

Design In Nature, By J. Bell Pettigrew. Three vols. 

Illustrated. Longmans . . . . £3 3s. 

A very comprehensive, work, covering wide 
scientific grounds — biology in its modern 
developments, zoology, comparative anatomy, 
physiology, psychology, physics, and chemistry 
—-and illustrated by nearly two thousand 
figures. A valuable work of reference, by an 
enthusiastic student with wide experience as an 
observer and teacher. 

The Greatest Life. By Gerald Leighton. 275 pages. 

Duckworth . . . . . . . . 2s. Gd. net 

A consideration of the theory of immunity, based 
on the accepted view* that life involves adaptive 
change in response to environment. Dr. Leigh- 
ton discusses immunity from tho physical, 
mental, moral, and emotional standpoints. A 
man has, ho suggests, certain natural and 
acquired tendencies, and according to these he 
is good or bad. On these lines, he holds, even 
spiritual phenomena are capable of explanation, 
and he maintains that if the future evolution of 
man is to be in the direction of higher ethical 
progress, it must be by a scientific Christianity. 
Essentials in Cytology. By Charles E. Walker.’ 139 

pages. Illustrated. Constable . . 7s. fid. 

Tho new science of the cell, or tho study of 
living matter in the form which carries with 
it inheritance and infinite power of develop- 
ment, is here introduced in a general way, un- 
mixed with subsidiary subjects. A useful sum- 
mary of knowledge in a restricted area. 

Creative Evolution. By Henri Bergson. 425 pages. 

Macmillan . . . . . . . . 10s. net 

Tho book that has been more discussed in tho 
philosophical world than any other during tho 
last few years. The translation is by Dr. Arthur 
Mitchell, of Harvard University, and Professor 
Bergson himself has revised the whole work 
carefully. His summary of his aim is that ho 
first trios on evolutionary progress the two 
ready-made garments of mechanism and finality, 
and shows that neither fits. Next ho recon- 
structs the main linos of evolution along which 
life has travelled by the side of that which has 
led to the human intellect. The intellect is 
thus brought back to its generating cause. 
Last, the writer tries to show how our under- 
standing, by submitting to a certain discipline, 
can prepare a transcendental philosophy. This 
is the book on which the whole controversy 
respecting Bergson’s philosophy is based. 

Evolution »nd Man’s Place in Nature. By Rev. H. 

Calderwood. 349 pages. Macmillan 10s. not 
The main objects of this work are to trace the 
evidence of man’s relation to the continuity of 
life on earth, and to describe the distinctive 
characteristics of human life. Towards tho 
close of his survey of the .facts the writer 
essays to reconcile the theory of evolution with 
religious convictions. 


PLANT LIFE 

Embracing Agriculture, Botany, Bac- 
teriology, and Forestry. 

The Different Forms ot Flowers on Plants of the Samo 
Species. By Charles Darwin. 3r>2 pages. Ulus- 
trated. Murray. . . . . . . 7s. fid. 

Certain kinds of plants produce in a normal 
way differently formed flowers on the same 
stock. Inquiry into this problem leads to tho 
question why the sexes of flowers were separ- 
ated. Darwin concludes* it was not for the sake 
of the advantages to be gained by cross fertilisa- 
tion, but to reduce the number of seeds born 
by a plant, and save its vital energies. 

The Movements and Habits of Climbing Plants. By 
Charles Darwin. 208 pages. Ulus. Murray. 2s. fid. 
Plants do not differ from animals merely in 
power of movement. They display this power 
only when it is of some advantage to them. 
The capacity of revolving, on which most climb- 
ing plants depend, is inherent in an 
undeveloped state in almost every plant in tho 
vegetable kingdom. Deals with twining plants, 
leaf-climbers, tendril-bearers, and hook and 
root climbers. 

The Various Contrivances by which Orchids are 
Fertilised by Insects. By Charles Darwin. 300 pages. 
Illustrated. Murray. . . . . . . 2s. fid. net 

Showing that the contrivances by which orchid* 
are fertilised are as varied and almost as per- 
fect as any of tho most beautiful adaptations 
in tho animal kingdom. Darwin also points 
out that these contrivances have for their main 
object the fertilisation of flowers with pollen 
brought by insects from a distinct plant. 
Insectivorous Plants. By Charles Darwin. 4fil 
pages. Illustrated. Murray. . . 2s. fid. net 

Largely a study of the behaviour of the common 
sundew. Experiments on making the tentacles 
fall by touching them or letting water fall on 
them. Nature of tho acid by which the plant 
digests insects; effects- of various salts and 
poisons on tho plant. The structure and move- 
ments of other insect-eating plants. A plant 
that captures crustaceans. 

The Origin of Floral Structures through Insect and 
Other Agencies. By Rev. George Henslow. 
349 pages. Illustrated. Kogan Paul 5s. 

Mr. Henslow* claims to suggest in this book how 
“ the whole floral world has arisen.” He refers 
every part of the structure of flow’ers to some 
one or more definite causes arising from 
environment, taken in its widest sense. In his 
preface be gives a useful summary of similar 
studies up to the date (1888) of writing. 
Wayside and Woodland Trees. By Edward Step. 

Illustrated. War no . . . . . . fis. not 

A pocket-guide to the British Kylva, with 
127 plates reproduced from original photo- 
graphs of living trees and shrubs, and GO 
figures in the text of leaf, flower, and fruit. 
Beautifully printed and illustrated. 

The Origin of Cultivated Plants. By Alphonse de 
Candolle. 408 pages. Kega n Paul.. 5s. 

An interesting book tracing the origin of almost 
all plants cultivated either on a large scale for 
economic purposes or in orchards a fid kitchen- 
gardens. The author has endeavoured to estab- 
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lish the number of centuries or thousands of 
years during which each species has been in 
cultivation, and how its culture spread in differ- 
ent directions at successive epocns. The his- 
tories of 249 plants are investigated. 

Wayside and Woodland Ferns. By Edward Step. 

Illustrated. Warne . . . . . . 6s. not 

A pocket-guide to the British ferns, horse-tails, 
and club-mosses, with plates in colour of all 
the species, and, in addition, Nature-photo- 
g rap hs of the growing plants. Very handy, 
comprehensive, and beautiful. 

Agriculture. By William Somerville. 251 pages. 
Williams and Norgate . . . . . . Is. net 

An excellent handbook, by the Oxford Professor 
of Rural Economy, dealing with the formation, 
properties and main types of soil ; the ameliora- 
tion of land ; the principles of manuring, inelud- 
ing all the different kinds of fertilisers; the 
rotation of crops, and seed. Bibliography. 

The Student's Botany. By S. H. Vines. 821 pages. 

Illustrated. George Allen . . . . 15s. 

A conscientious review of the whole field of 
botany. The work is divided into four parts, 
dealing respectively with morphology ; cells and 
tissues; classification, and physiology of plants. 
It is designed for the use of the student who is 
preparing for an examination, rather than for 
the lover of trees and plants and flowers. 

The Royal Forests of England. By I. C. Cox. 372 

pages. Illustrated. Methuen . . 7s. 6d. net 

A historical work which will delight every lover 
of the English forests. A complete study of the 
forest courts and officers ; hounds and hunting ; 
forost trees, and of every forest separately. 

Botany. By Marie C. Stopas. 94 pages, illus- 
trated. Jack Od. 

The modern study of plants, condensed into 
very small compass. Deals with morphology, 
anatomy, cytology, physiology, ecology, 
paleontology, plant breeding, pathology, syste- 
matic botany, etc. There is also a “suggested 
course of reading.'’ as an educational guide. 

Fungi and How to Know Them. By E. W. Swanton. 

210 pages. Illustrated. Methuen .. Hs.net 

This book contains descriptions of all the larger 
fungi — that is, of those which can he identified 
without the aid of a microscope. The first 
part deals with growth, parasitism, spore dis- 
persal, etc. The second part contains full 
descriptions of the species figured in the plates. 
The plates, many of which are beautifully 
coloured, contain illustrations of nearly two 
hundred species. There are analytical keys to 
the genera, and instructions for the collector. 

Wild Fruits of the Countryside. By F. E. Hulme. 

212 pages. Illustrated. Hutchinson 5s. net 

A beautiful pocket-manual, including 36 
coloured illustrations and 25 from photographs, 
enabling the amateur to identify all kinds of 
fruits. The text is charming, and the plates 
are extremely beautiful. 

Wayside and Woodland Blossoms. By Edward Step. 

Two vols. Illustrated. Warne . . i 2s. net 
A pocket-guide to British wild flowers for the 
coifntry rambler. Clear descriptions of 760 
species, with coloured figures of 257 species. 
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The Evolution of Plants. By Duklnfitfd Henry 
Scott 256 pages. Illustrated. Williams and 
Norgate . . . . . . . . Is. net 

A study of variation, as shown in both. fossil 
and existing plants, pointing out especially the 
influence of insect life in producing modifica- 
tions in plant forms. The evolution of the 
ferns, of the club-mosses, of the horse-tails, and 
of the sphenophylls is dealt with in the same 
way as the flowering plants. 

Soil Fertility and Fertilisers. By J. E. Halligan. 397 
pages. Illustrated. Williams and Norgate. 14s. 6d. 
This treatise on fertilisers of all kinds is 
intended for the use of farmers, agricultural 
and horticultural students, manufacturers, and 
others. The language is as free from technical 
terms as it was possible to make it. Fertiliser 
formulas for various crops are given. A book 
of reference for the practical farmer and 
student rather than a book to read. 

Studies in Seeds and Fruits. By H. B. Guppy. 528 

pages. W illiams and Norgate .. 15s.net 
An interesting treatise on the processes of 
germination, the result of many years' original 
researches and experiments. The results of 
these untiring researches extend far beyond the 
immediate problems of plant life. They indicate 
a range of adaptability in the seed much greater 
than the range of conditions prevailing on the 
earth, from which discoveries the author pro- 
ceeds to theories of cosmic evolution suggested 
by them. A book full of BUggestiveness and 
very stimulating. The experiments have been 
conducted by exhaustive weighing, drying, and 
swelling of seeds in the rest stage. 

British Ferns. By Francis George Heath. 140 pages. 

Illustrated. Pitman . . . . . . 2s. net 

A “pocket-help for the collector,” giving the 
distribution of all species of ferns throughout 
the United Kingdom, and enabling the traveller 
to identify the species which he discovers. 
There are illustrations and verbal descriptions 
of all varieties. 

The Romance of Plant Life. By G. F. S. Elliot. 380 

pages. Illustrated. Seeley . . . . 5s. 

Deals vividly with the most interesting aspects 
of plant life in every part of the world. A 
great variety of subjects, treated with wide 
learning, yet so as to be readable by anyone 
over the age of fourteen. 

Handbook of the British Flora. By George Bentham. 

Revised by Sir J. O. Hooker. 584 pages. Lovoll 

Reeve . . . . 9s. net 

This long-lived handbook, being a description 
of the flowering plants and ferns indigenous to 
the British Isles, is designed for the use of the 
beginner or amateur. It is very highly con- 
densed, and is dry as dust, but has the advan- 
tage of being also full and trustworthy. 

The Alpine Flora. By Henry Correvon and Philippe 
Robert. Translated and enlarged by E. W. Clay- 
forth. 436 pages. Illustrated. Methuen. 1 6s. net 
This book contains 180 coloured plates from 
water-colours of extreme beauty. A general 
account of Alpine plants and their character- 
istics is given, and the methods by which they 
may be acclimatised in gardens are described. 
The various species are characterised, with the 
treatment which they require in gardens. An 
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account nj also given of the chief Alpine gardens 
in England and abroad. A truly delightful book. 
Hutchinson’s Popular Botany. By A. E. Knight 
and E. step. Two vols. 588 pages. Illustrated. 

Hutchinson 15s. net 

These handsome volumes, with coloured plates 
and a host of illustrations from photographs, 
form an admirable popular introduction to the 
subject. Tho lining plant, from seed to fruit, 
is dealt with in a truly scientific way. 

Our BritlshJTrees, and How to Know Them. By F. G. 
Heath. 492 pages, lllus. Hutchinson. 5s. net 
An admirable pocket-manual, enabling tho 
observer to identify all species. There are 250 
excellent illustrations, chiefly from photographs. 
Agricultural Geology. By J. E. Marr. 318 pages. 
Illustrated. Maps. Methuen . . Os. 

Prepared for students reading for examinations 
in agriculture; but, in spite of its scholastic 
tone, interesting to anyone who intelligently 
loves the countryside. 

Bacteria, Yeasts, and Moulds in the Home. By H. W. 
Conn. 293 pages. Illustrated. Ginn. 4s. fid. 
An exceedingly interesting and useful little 
book, providing a scientific basis for home 
economy. It treats of moulds and the decay of 
fruit; of yeasts and their uses in fermentation 
of bread and of liquors; of bacteria and the 
preservation of food by various methods ; of 
disease bacteria and safeguards against 
contagion; and of many important subjects of 
kindred interest. 

Agriculture for Beginners. By G. W. Burkett, 
F. L. Stevens, and D. H. Hill. 267 pages. Illus- 
trated. Ginn 3s. fid. 

The authors of this hook believe in training 
children from an early age to love and under- 
stand the fundamental principles of farming. 
These principles are here presented in a simple 
and attractive manner, for the purpose of 
school-teaching of agriculture. 

First Studies of Plant Life. By G. F. Atkinson and 
E. M. Wood. 2fifi pages. Illustrated. Ginn. 2s. fid. 
An excellent elementary school textbook of the 
first principles of plant anatomy and physiology. 
A First Book of Forestry. By Filibert Roth. 291 
pages. Illustrated. Ginn . . . . 3s. fid. 

An attempt is being made in America to make 
the principles of forestry more widely under- 
stood in schools and country homes, Mid this 
book, by the Chief of the United States Division 
of Forestry, is well designed for this purpose. 

Principles of Botany. By J. Y. Bergen and B. M. 

Davis. 555 pages. Illustrated. Ginn. fis. fid. 

A good advanced book for teachers, by two 
American botanists of high standing. Besides 
covering the science briefly, it also affords an 
introduction to economic aspects of plant life. 
Botany of Today. By G. F. Scott Elliot. 352 pages. 

Illustrated. Seeley fis. net 

An account of recent discoveries, written in a 
fresh, open-air spirit. Deals with a great 
variety of subjects; e.g., bacteria, deserts, 
tropical forests. 

The Natural History of Plants. By Anton Kerner. 

English translation by*' F. W. Oliver. Two vols. 

Illustrated. Blackio 30s. 

This work is unique, in that, while accepted by 
botanists as authoritative, it at the same time 


makes plant life in its myriad forms a fascinat- 
ing subject for the general reader. It deals 
with tho form and life of plants, the living 
principle, absorption of food, formation of 
organic matter, metabolism, growth and con- 
struction ; also with the history of plants, their 
propagation, and the origin, variation, and 
extinction of species. There are many excel- 
lent plates, some in colour. 

Story of a Grain of Wheat. By W. C. Edgar. 19fi 
pages. lllus. Hodder and Stoughton Is. net 
A , popular account of tho wheat-berry and 
wheat-growing, especially of tho great Canadian 
wheatfiekls and their apparently exhaustless 
sources of food, including also the possibilities 
in Argentina, and in the United States. Tho 
wheat-berry itself is analytically described, and 
the various processes of milling reviewed. 

Plant Life. By Grant Allen. 232 pages. Illustrated. 

Hodder and Stoughton .. .. ls.net 

A popular account, meant for men and women, 
not for children, of tho activities of plant life 
in tho light of the evolutionary theory. The 
titles of the chapters give a good index to the 
treatment adopted. How plants began to he; 
liow f plants came to differ from one another; 
how plants oat and drink; how plants marry; 
marriage customs ; the wind as carrier ; how 
flowers club together ; what plants do for their 
young; tho stem and brandies; somo plant 
biographies; the past history of plants. 
Nervation of Plants. By Francis George Heath. 187 
pages. Illust rated. Williams and Norgate. 3s.fid.net 
This book is a study, in popular language, of 
the cell-tissues of the different parts of plants. 
Cell contents ; colouring matter ; protoplasm ; 
tho conditions of vital force; assimilation; 
breathing; the influence of light; evolution; 
autumnal metamorphosis art? some of tho 
fascinating questions that are dealt with. 

The Natural History of the Bible. By Canon Tristram. 
Illustrated. S.P.G.K. . . . . . . fis. 

A learned review of the physical geography, 
geology, and meteorology of Palestine, with a 
description of every animal and plant named 
in the Bible. The? book includes an index of 
the texts of Scriptures in which the animals and 
plants are mentioned. 

The Principles of Horticulture. By Wilfred Mark 
Webb. 136 pages. Illustrated. Blackic. 2s. net 
Intended to form an introduction to the 
theoretical side of horticulture, and written 
primarily for those engaged in its practice, and 
for the help of students for the Itoyal Horti- 
cultural Society's examination. Annotated 
diagrams are used to avoid long descriptions, 
and are admirably clear. 

Plant Geography. By A. F. W. Schimper. English 
translation by W. Fisher. Edited by P. Groom and 
I. B. Balfour. 839 pages. Illustrations and maps. 
Clarendon Press . . . . . . . . 42s. net 

This study of “ plant-geography upon a 
physiological basis,” written by a German pro- 
fessor, shows the relations of different kinds of 
plants, and their structure and habits, to the 
conditions of climate, altitude, and soil in 
various regions of the world. It is a fascinat- 
ing work ; and the illustrations, chiefly from 
photographs of tropical, desert, temperate, 
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Alpine, and other scenes of vegetation, are of 
unusuul interest. The bibliography is excellent. 
Plant Diseases. By Werner F. Brack* English 
translation by J. R. Ainsworth- Davis. 152 pages. 
Illustrated. Blackic . . . . . . 2s. net 

This excellent little treatise is of great practical 
use. It is distinguished from most other books 
on the same subject in that it treats chiefly 
of the effects upon the plant rather than of 
the character and life histories of pests. 
Ancient Plants. By Marie C. Stopes. 198 pages. 
Illustrated. Blackic . . . . . . 4s. (3d. net 

A simple account of the past vegetation of the 
earth and of the recent important discoveries 
made in this realm of Nature-study. Includes 
an examination of the minute structure of 
fossil plants, and of their resemblance to, and 
differences from, living ones; also a study of the 
post history of the various plant families. An 
attractive book for the younger student who 
is genuinely interested in evolution. 

On Seedlings. By Lord Avebury. 288 pages. Illus- 
trated. Kogan Paul. . . . . . . . . 5s. 

The book includes the parts of most general 
interest of a large, two-volume work entitled 
“ A Contribution to our Knowledge of Seed- 
lings.” It is an examination of the forms of 
cotyledons, and the fact that they differ so 
much from the subsequent leaves. 

Manual of British Botany. By C. C. Babington. 632 

pages. Gurney and Jackson . . . . 9s. 

A standard work, revised in the light of modern 
researches. Contains the flowering plants and 
ferns arranged according to the natural orders. 
Intended as a field-book for botanists. 

New Creations in Plant Life : An Authoritative Account 
of the Life and Work of Luther Burbank. By W. S. 
Harwood. 430 pages. Ulus. Macmillan. 7s. (id. 
A picturesque description of the new kinds and 
new varieties of fruits, flowers, plants, and 
vegetables created by Mr. Burbank. Explains 
the methods by which the results have been 
achieved, so that the reader may be in a 
position to undertake experiments. 

Plant Life on Land. By F. 0. Bower. 172 pages. 
Illustrated. Cambridge University Press Is. net 
A series of apparently disconnected essays on 
various phases of plant life; but really arranged 
to follow in a general way the evolutionary 
history of plants, so as to show the importance 
of the relation of the plant to water, and the 
migration of plant life from water to tho land. 

A Textbook of Fungi. By George Massee. 427 
pages. Illustrated. Duckworth. . . 6s. net 

Describes the surprising increase in recent years 
in our knowledge of fungi. Deals with tho 
structure, functions, pathology, and classifica- 
tion of tiiese humble growths, the fixation of 
nitrogen, the colours of fungi, and experiments 
oil them with poisons, radium, and X-rays. 
British Ferns and Their Varieties. By Charles T. 
Druery. 458 pages. Ulus. Routledgo. 7s. 6d. net 
An admirable book at the price, with 40 
coloured plates and 400 other illustrations. 
Gives tho life history of ferns, their propaga- 
tion, culture, and selection ; fern foes and 
remedies; the finding of wild sports. The 
descriptions of varieties and species are 
arranged in alphabetical order. 
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Organography of Plants. By K. Goebel, r Edited 
1. B. Balfour. 2 vols. Clarendon Press. 31s. ne 
A study of the configuration of plants regardec 
as a part of their life phenomena. Treats o: 
the organs and divisions of labour among the 
lower plants; differences in the formation o 
organs at different stages of development; th< 
influence of externa] stimuli on the shape o: 
plants. Too technical a work for the' genera 
reader, but a first-hand source of informatior 
of great interest. 

Forestry for Woodmen. By C. 0. Hanson. 222 

pages. Illustrated. Clarendon Press. 5s. nc 
A thoroughly practical book on a mucl 
neglectod subject. Mr. Hanson has a ful 
knowledge of woodcraft. Taking Schlich’i 
“ Manual of Forestry ” as his basis, he lias pro 
duced a book which covers scientically the whole 
range of the woodman’s work, in language thai 
any intelligent person can understand. 

The Origin of Plant Structures by Self-Adaptation t< 
the Environment. By Rev. George Henslow 
256 pages. Kegan Paul . . . . . . 5s 

A companion volumo to Mr. Henslow’i 
“ Origin of Floral Structures,” endeavouring t( 
show that environment does not 11 select ” at al 
but induces a plant to form definite variatiom 
in Nature, and these variations are always ir 
tho direction of adaptation to the environmeni 
itself. To prove self-adaptation without tho aic 
of natural selection is tho book’s main object. 

British Trees, including the Finer Shrubs for Gardei 
and Woodland. By C. A. Johns. Edited by E. T 
Cook and W. Dallimoro. 285 pages. Illustrated 

Routledgo 7s. 6d. nei 

A standard work revised by modern authorities 
and embellished with many plates in colour 
Deals with the forest trees of Britain and tin 
exotic or hybrid trees and shrubs which hav< 
been introduced into the English garden. 

An Introduction to Structural Botany. By D. H 
Scott. Two vols. Part I. : Flowering Plants. 29( 
pages. Illustrated. 3s. 6d. Part II. : Flowerlesi 
Plants. 316 pages. Illustrated. Black. 3s. 6d 
A general introduction to botany, written witi 
lucidity and freshness. 

Flowers of the Field. By C. A. Johns. Revised 
378 pages. Illustrated. Routledgo. 7s. 6d. nd 
A well-known work of a popular nature, revise*, 
by a modern botanist. The book beloved ol 
ordinary lovers of flowers, because it is free 
from bewildering technicalities, and is simple 
in style. An introduction to British botany 
with sufficient information to enable tin 
beginner to make the best use of the text ol 
the book. Has 96 coloured illustrations. 

British Fungi, with a Chapter on Lichens. By George 
Massee. 551 pages. ifius. Routledgo. 7s. 6d. nei 
The primary object of this book is to enable the 
reader to determine the names of our native 
mushrooms and toadstools. Describes w'herc 
and bow to find the fungi ; the difference be- 
tween ediblo and poisonous kinds ; and the 
diseases caused by these lowly vegetable 
growths. Illustrated with 40 coloured plates. 
The Physiology of Plants. By W. Pfeifer. Trans- 
lated and edited by A. J. Ewart. Three vols. Illus- 
trated. Clarendon Press. . . . . £2 15s. net 

A complete account of the present state of oui 
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knowledge concerning the general processes of 
nutrition and growth and the sources of energy 
in plants. Too large and detailed a work for 
beginners, hut a valuable storehouse of facts. 

Studies in Fossil Botany. By D. H. Scott. 684 pages 
Illustrated. Black . . . . . . 10s. 6d. net 

A companion volume to tho author’s “ Intro- 
duction to Structural Botany.” These studies 
are particularly concerned with the morpho- 
logical and evolutionary aspects of tho botany 
of earlier ages, and they are drafted in harmony 
with the newest results of scientific research. 

Links with the Past in the Plant World. By A. C. 
Seward. 138 pages. Illustrated. Cambridge Uni- 
versity Press . . . . . . . . Is. net 

An inquiry into the relative) antiquity of exist- 
ing plants, as shown by the records of the 
rocks. A few selected plants of pre-eminently 
ancient types are described — ferns, the sequoia, 
the aurauearia family, and the maiden-hair 
tree of China and Japan. The geographical 
and geological distribution of plants and their 
preservation as fossils are also discussed. 

(Ecology of Plants : An Introduction to the Study of 
Plant Communities. By Eugen Warming. Trans- 
lated by P. Groom and I. B. Balfour. 433 pages. 
Clarendon Press . . . . . . 10s. (kl. 

Shows how plants or plant communities adjust 
their forms and modes of behaviour to tho 
amounts of available water, heat, light, nutri- 
ment. Deals with tho communal life of 
organisms, partnership between plants and 
animals, or plants and plants, and tho struggle 
between plant communities. Examines the 
plants that flourish in specific soils. 

Bacteria and Their Products. By G. S. Woodhead. 

459 pages. Illustrated. Scott. . . 3«. 6d. 

An account of the main facts in bacteriology 
anti the life history of bacteria and closely 
allied organisms, with a discussion of the most 
important theories as to the part that they 
play in Nature’s economy, especially in their 
relation to the various fermentative, putre- 
factive, and disease processes. 

Elementary Botany, Theoretical and Practical. By 
Henry Edmonds. 274 pages. Illustrated. Long- 
mans . . . . . . . . . . 2s. 6d. 

A simple and elementary book for the student 
of botany for examination purposes. Well 
arranged, practical, and clearly written. 

The Transition in Agriculture. By Edwin A. Pratt. 
354 pages. Murray .. .. .. .. Is. 

Shows tho substantial development that has 
taken place in subsidiary branches of rural 
industries following on the decline in wheat 
and other cereals. Encourages a spirit of 
confidence in the continued possibilities of tins 
agricultural situation, and indicates what is 
actually being done in our country in regard 
to farming co-operation. 

Bacteria as Friends and Foes of the Dairy Farmer. By 
W. Sadler. 112 pages, lllus. Methuen. Is. Od. 
A clearly written, practical work on useful and 
dangerous microbes connected with the dairy 
industries. Discusses “starters” in cfceese- 
making and butter-making; troubles in milk 
production; disease germs and milk, and the 
necessity for disinfecting dairies and utensils. 


Shows how to establish a standard quality by 
the scientific control of the acid germs. 

Trees : A Handbook of Forest-Botany for the Wood- 
lands and the Laboratory. By H. Marshall Ward. 

Five vols. Ulus. Cambridge Univ. Press. 20s. 
A book of great value to the forester, gardener, 
and general reader, as well as tho student of 
botany and morphology. The volumes deal 
successively with buds and trees, leaves, flowers, 
and inflorescences, fruits, form and habit, each 
volume being complete in itself. 

British Plant Galls. By E. W. Swanton. 287 pages. 
Illustrated. Methuen . . . . 7s. Od. not 

A volume devoted entirely to the curious 
excrescences on leaves, giving interesting life 
histories of the gall-causers — wasps, saw-flies, 
beetles, moths, flies, eel-worms, and fungi. 
Many galls are depicted in colour together with 
the insects that cause them. A pleasant and 
instructive work on an out-of-the-way yet 
important subject. 

British Ferns, and Where Found. By E. J. Lowe. 

167 pages. Illustrated. George Allen Is. 

This book, in the Young Collector series, 
names and describes tho British ferns, and tolls 
the districts where each is to ho found. A 
useful compilation. 

Bacteria in Relation to Country Life. By J. G. 

Lip man. 486 pages. Ulus. Macmillan. 6s. Gd. 
A discussion of Lho character of bacteria in rural 
conditions, with a view to solving many prac- 
tical problems on the farm. Technical terms 
and expressions are omitted as far as prac- 
ticable. Deals with purity of water-supply; 
bacteria and sewage, and soil fertility ; bacteria 
in milk and related products. 

British Plants : Their Biology and Geology. By 
J. F. Bevis and H. J. Jeffery. 33 pages. Illus- 
trated. Rivers . . . . . . 4s. Gd. 

A general survey of the British flora, its 
evolution and distribution. A useful book, not 
so advanced or technical as to be beyond enjoy- 
ment by the ordinary reader. 

A Textbook of Agricultural Botany. By F. V. Theo- 
bald. 536 pages. Illustrated. Blackwood. 7s. Gd. 
Written for students in agricultural colleges, 
and farmers. It considers primarily the life 
histories and habits of animals met with in farm 
and garden, particularly those which affect, for 
good or for evil, the stock and crops of the 
cultivator of the soil. A practical book. 

Household Bacteriology. By E. D. and R. E- 
Buchanan. 636 pages, lllus. Macmillan. 10s. 
Intended primarily for students in domestic 
science. Points out the relation between a 
knowledge of bacteria and the preparation and 
preservation of food, household sanitation, and 
personal hygiene. The book is really an elemen- 
tary but broad survey of the science of microbe 
activities, with tho various affairs of the house- 
hold as pegs on which to hang the discussion. 

PRICES OF BOOKS 

It should he remembered that in practically all 
cases, whether stated or not, the price of shil- 
ling and sixpenny books is net. “ Cheap 
editions ” indicates that several editions exist. 

5™7 


t 



HARMSWORTH POPULAR SCIENCE 


ANIMAL LIFE 

Cambridge Natural History, Edited by Dr. S. F. 
Harmer and A. E. Shipley, F.R.S. 10 vols. Mac- 
millan 17s. net each volume 

A work of the widest possible range, dealing 
with life from protozoa to mammalia, with 
authority and full acquaintance with the latest 
scientific developments. Each branch of 
geology is committed to an expert, and the 
result is a series of scientific works, compre- 
hensive, exact, and original. Each volume iB 
copiously and handsomely illustrated, and 
separately indexed, so that it can be bought 
separately. Together, the ten volumes make 
the most complete survey of natural history. 

VOL. 1. Protozoa, Porifera (sponges), Ooelenterata and 
Ctenophora, Echi noderma ta. 

Vol. 2. Flatworms and Mcsozoa, Ncmertlnes, Thread- 
worms and Sagitta, Hotifers, Polycluet Worms, Earthworms 
and Leeches, Gcphyrea and Phoronis, Polyzoa. 

VOL. 3. Molluscs, Accent firachiopods, Fossil Brachio- 
pods. 

VOL. 4. Crustacea, Trilobites, Introduction to Arachnida 
and King-Crabs, Eurypterida, Scorpions, Spiders, Mites, 
Ticks, Tardigrada (Water-Bears), Pentastomida, Pycno- 
gonida. 

Vol. 5. Perlpatus, Myriapods, Insects. Part I., Intro- 
duction, Aptera, Orthoptera, Neuroptera. and a portion of 
Hymenoptera (Sessill ventres and Parasitica). 

Vol. 6. Hymenoptera (Tubulifera and Aculeata), Coleop- 
tera, Strepsiptera, Lepidoptera, Diptcra, Aphaniptera, 
Tbysanoptcra, Hcmiptera, Anoplura. 

vol. 7. Hemichordata, Ascidians and Amphioxus, Fishes. 
VOLS. 8, 9, 10. Amphibia and Reptiles, Birds, Mam- 
malia. 

Shell Life. By Edward Step. Illustrated. Wame. 6s. 
An introduction to the British mollusca, with 
32 plates photographed from the actual shells, 
and upwards of 300 figures in the text. A use- 
ful volume for all who wish to know something 
of the common objects of the sea-shore. The 
information is arranged on a scientific basis, 
but it not too technical. 

The World's Birds. By F. Finn. 180 pages. Illus- 
trated. Hutchinson 5s. net 

A practical and comprehensive classification of 
living birds, the description of each family 
being fully elaborated under the headings — 
diagnosis ; size ; form, plumage, and coloration ; 
young; nest; eggs; incubation; food; gait; 
flight; note; disposition and habits; economic 
qualities; captivity; distribution and species. 
British Serpents. By Gerald Leighton, 383 pages. 
Illustrated. Blackwood . . . . 5s. net 

A book of great value. The only volume entirely 
devoted to the life history and local distribution 
of the native British serpent. Largely illus- 
trated from photographs. 

Origin and Metamorphoses of Insects. By Lord 
Avebury. 108 pages. Illustrated. Macmillan. 3s. fid. 
An introduction to the life history of insects, 
by the well-known naturalist, banker, and 
statesman, written with all the charm which 
he has always found in Nature-study. Many 
clear line-drawings illustrate the text. 

Pond Life. By E. C. Ash. Illustrated. 04 pages. 

Jack 0d. 

A guide for the young student and collector 
of fresh-water organisms, including full instruc- 
tions for capture by drag-net and hand-net. 
Among the subjects discussed are microscopic 
wonders (e.g., diatoms, desmids, volvox, sten- 
tor, etc.) ; aquatic crustaceans ; insects ; Water 
spiders and mites ; inhabitants of the water film 
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(the so-called pond-skaters) ; aquatic w>rms; the 
hydra; snails, and frogs. An excellent book 
for any boy with a taste for natural history. 
House Files. By C. G. Hewitt. 122 pages. Illus- 
trated. Cambridge University Press.. ls.net 
A well written and illustrated handbook on the 
structure and habits of the house-fiy, and 
especially on the part which it plays in the 
spreading of disease. 4 

Zoology. By E. W. MacBrlde. 90 pagcB. Illus- 
trated. Jack fid. 

A vivid sketch of the study of animal life, for 

the beginner. Describes the scope of zoology; 
its practical importance; the living substance; 
cells and tissues; the classification of animals; 
the origin of species ; and the bearing of zoology 
on the questions of human origin and the 

future destiny of the race. 

Embryology. By Gerald Leighton. 92 pages. Illus- 
trated. Jack fid. 

A popular account of the problems of reproduc- 
tion and the development of the embryo. The 
author regards some knowledge of this obscure 
subject as extremely valuable for those who 
have the responsibilities of parenthood. 

British Lizards. By Gerald Leighton. 214 pages. 
Illustrated. Upcofct Gill . . . . 5s. 

The author is an eminent authority on his 
subjoct, and this book, dealing with lizards in 
every county, is the only volume devoted solely 
to the life history and local distribution of 
British lizards. 

Industries of Animals. By Frederick Houssay. 258 

pages. Illustrated. Walter Scott . . 3s. fid 

A book of fact which rivals fiction, describing 
the marvellous activities in humble creation, 
with chapters on animals that hunt, fish, and go 
to war ; animals that provision themselves 
against rainy days, and build up societies; 
animals which make ingenious dwelling-places, 
and carry out defensive and sanitary work. 
British Mammals. By Sir Harry Johnston. 405 
pages. Illustrated. Hutchinson . . 12s. 6d. net 

This handsome volume, most beautifully illus- 
trated with coloured plates and with drawings 
and photographs, forms one of the series of 
natural history volumes of the Woburn Library, 
edited by the Duke of Bedford. It includes an 
account of the mammals of Britain from 
pleistocene ages to the present day. 

The Infancy of Animals. By W. P. Pyeraft. 272 
pages. Illustrated. Hutchinson . . 6a. net 

A scientific treatiso, in popular language, of 
the appearance and habits of the young of a 
very large number of animals, birds, reptiles, 
and fishes; of great interest to the student of 
evolution, the observer of Nature, and for the 
general reader. The problems of coloration, 
the ways in which the young are carried, fed, 
and instructed, their growth and development, 
and many other interesting facts are treated of. 
The Life of the Bee. By Maurlee Maeterlinck. 
English translation by A. Sutro. 344 pages. 

George Allen 5s. net 

A sympathetic and imaginative study of bee life 
and work, including many profound if somewhat 
hazy meditations on nature, instinct, destiny, 
etc. The hook has great literary value, and some 
scientific interest. 
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Birds of &e Countryside. By F. Finn. 186 pages. 
Illustrated. Hutchinson . . . . 5s. not 

With 12 coloured plates, 118 photographs, and 
many outline drawings, this little pockot manual 
is useful to anyone who wishes to be able to 
identify British birds. 

British Salt-Water Fishes. By F. 6. Aflalo. 328 

pages. Illustrated. Hutchinson . . 12s. 6d. net 

Another of the handsome natural history books 
edited by the Duke of Bedford, and illustrated 
with very fine coloured plates. The author gives 
a scientific account of the salt-water fishes which 
can be described as British, summarising their 
habits and appearance, their distribution, and 
their migrations. As is here pointed out, the 
study of life in the seas has a practical bearing 
on British industrial supremacy. 

British Fresh-Water Fishes. By Sir Herbert Maxwell 

316 pages. Illustrated. Hutchinson. 5s. net 

Another of the handsome series edited by the 
Duke of Bedford. The British species, which 
number only about fifty out of a vast variety 
now known to science, are described, for sake of 
accuracy, in scientific terminology, and after- 
wards with all the interesting details gathered 
by an expert observer. The descriptions are full 
of interest, and the coloured plates beautiful. 
The Romance of Animal Arts and Crafts. By H. 
Coupin and John Lea. 356 pages. Illustrated. 

Seeley 5s. 

In this book the activities of wild animal life 
are described as a fairy version of human 
industry — as the spinning, weaving, sowing, 
manufacture of paper and pottery, aeronautics, 
raft-building, road-making, etc., of animals, 
birds, and insects. 

The Romance of Bird Life. By John Lea. 376 pages. 

Illustrated. Seeley 5s. 

A popular study of the courtship, fighting, 
education, sports, toilet, migration of birds, 
and even their wisdom and follies. 

The Romance of Insect Life. By Edmund Selous. 

350 pages. Illustrated. Seeley . . 5s. 

Interesting descriptions of the strange and 
curious in the insect world, including many 
kinds of -ants and their remarkably ingenious 
customs, caterpillars, spiders, aquatic insects, 
scorpions, etc. 

The Romance of the Animal World. By E. Selous. 

330 pages. Illustrated. Seeley . . 5s. 

A popular study of the ways of many animals, 
great and small, written in a very anthropo- 
morphic spirit, but showing much observation 
and sympathy. Snails, crabs, caterpillars, ants, 
wasps, birds, snakes, beavers, crocodiles, whales, 
even the sea-serpent — all have their place. 
Zoology. By A. E. Shipley and E. W. MacBride. 
632 pages. Illustrated. Cambridge University 
Press . . . . . . . . . . 10s. 6d. net 

This excellent textbook is designed for students 
who have no previous knowledge of the subject, 
and all technical terms are carefully explained. 
The authors treat animals as living creatures, 
and not only as dead bodies. 

Agricultural Zoology. By J. Ritzema Bos. Trans- 
lated by J. R. Ainsworth Davis. 312 pages. Illus- 
trated. Methuen 3s. fid. 

Clear descriptions, well illustrated, of the mem- 
bers of the animal kingdom which are harmful 


or helpful to the farmer, with suggestions as to 
methods for getting rid of his foes. The book is 
intended for use in agricultural colleges, and 
also for the private use of the practical farmer. 

The Honey Bee. By T. W. Cowan. 220 pages. 

Illustrated. Houlston 2s. 6d. 

This admirablo manual on the natural history, 
anatomy, and physiology of the bee is by the 
editor of the “British Bee Journal.” The book 
is purely scientific, not a guide to bee-keeping. 

Queen-Rearing In England; By F. W. L. Sladen. 

56 pages. Illustrated. Houlston . . Is. 

A pamphlet dealing with bees, not princesses. 
It is an excellent practical manual on the breed- 
ing of good queens. 

The Lore of the Honey-Bee. By Tlckner Edwardes. 

196 pages. Methuen Is. net 

An instructive and entertaining little book on 
the life of the bee community, with a gleaning of 
old beliefs and stories concerning bees, and an 
account of some bee-farms of to-day. 

The Senses of Insects. By August Forel. English 
translation by M. Yearslcy. 324 pages. Illus- 
trated. Methuen . . . . . . 10s. fid. net 

A remarkable study of the senses and psychology 
of insects, chiefly based upon ingenious experi- 
ments designed to exploro insect senses which 
go beyond our own. A book from which large 
scientific generalisations have been made. 

Our Insect Friends and Foes. By F. Martin Duncan. 

296 pages. Illustrated. Methuen . . fis. 

This highly interesting book not only describes 
numerous forms and habits of insect life, but 
also points out vividly their bearing upon 
human health and prosperity. Chapters deal 
with insect communities ; aquatic insects ; insect 
actors; insects in commerce; poison-fang and 
stiletto ; insects and flowers ; our beetle friends ; 
our insect foes — ravagers of crops and trans- 
mitters of disease. The plates are very good. 

Britain’s Birds and Their Nests. By A. L. Thomson. 

340 pages. Coloured illustrations. (Chambers. 21s. not 
A delightful book, dealing with all the birds of 
our country in their respective orders and 
families. The coloured drawings have been made 
by Mr. George Rankin from close observation 
of the birds and their eggs and nests. 

British Birds and Their Eggs. By J. M. Boraston. 
301 pages. Coloured illustrations. Chambers, fis. net 
This book, containing a new method of identifi- 
cation, is written for the beginner, so that he 
may recognise any bird from its most obvious 
characteristics, such as broad distinctions of 
colour, markings, gestures and song. 

The Animal World. By F. W. Gamble. 255 pages. 

Williams and Norgatc Is. net 

With an introduction by Sir Oliver Lodge. Pro- 
fessor Gamble, of the Birmingham University, 
sets forth tho leading facts and principles of 
animal life. Among other subjects discussed 
are : The quest for food ; the colours of animals ; 
societies and associations ; the care of the young ; 
heredity and variation, etc. 

The British Lepidoptera. By Richard South. Three 
vols. Illustrated. Wame . . . . 21s. net 

The illustrations are the most beautiful and 
realistic pictures of moths that could possibly be 
produced. Some of them, cut out and mounted 
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in a glass case, arc practically indistinguishable 
from actual specimens. Of immense value to 
practical entomologists. The volumes are also 
sold separately. 

Reptiles of the World. By Raymond L. Ditmars. 

301 pages. Illustrated. Pitman . . 20s. net 

The photographs, by the curator of reptiles 
in the New York Zoological Park give this book 
unique value. The work is at once popular and 
scientific, and includes tortoises, turtles, croco- 
diles, lizards, and snakes, as observed in many 
parts of the world. 

The Life and Love of the Insect. By J. H. Fabre. 

English translation by A. T. do Mattes. 202 pages. 

Black 5s. 

The author of this book, who is eighty-nine years 
of age, has all his life been a keen and minute 
observer of the habits and .manners of insects, 
and is, without doubt, the greatest entomologist 
of our times. This smaller work, which is a 
selection from his famous “ Souvenirs Entomo- 
logique,” is at once eminently scientific and 
extremely fascinating. 

Butterflies and Moths of the Countryside. By F. E. 

Hulme. 300 pages. Illustrated. Hutchinson. 8s. 6d. 
This large and handsome volume has thirty-five 
coloured plates by the author, showing many 
different species. The text describes the appear- 
ance, life-history, and localities of British moths 
and butterflies. 

Nests and Eggs of British Birds. By F. Finn. 231 

pages. Illustrated. Hutchinson . . 5s. net 

An excellent and comprehensive manual of 
pocket size, including coloured reproductions of 
154 eggs from nature, in 20 plates, reproductions 
of 74 eggs in half-tone, and other illustrations. 
Useful for the collector, and very reliable. 

The Story of Animal Life. By B. Lindsay. 208 

pages. Illustrated. Hoddcr and Stoughton, ls.net 
A readable and instructive little book, dealing 
especially with the advances in our knowledge 
of animal life due to the microscope. A 
classification of animals is given, and many of 
the minute and small forms are dealt with at 
some length. An interesting chapter on adapt- 
ability to circumstances and another on the 
methods of zoologists are added. 

Reptile Life. By W. P. Pycraft. 208 pages. Illus- 
trated. Hoddcr and Stoughton .. ls.net 

The author begins by distinguishing between a 
true reptile and such “amphibia” as frogs, 
toads, etc. The form and habits of some of the 
most interesting reptiles, such as lizards, tor- 
toises, crocodiles, geckos, chameleons, snakes, 
are described in detail. 

British Fisheries. By James Johnstone. 350 pages. 

Williams and Norgate . . . . 10s. 6d. net 

A concise account of the origin and growth of 
British sea-fishery authorities and regulations, 
the methods of administration and the various 
problems with which our fisheries are faced, and 
of the best way to meet their dangers. The 
protection of the immature fish is regarded as 
the most hopeful measure. 

Bird Life. By W. P. Pycraft. 244 pages. Illus- 
trated. Hodder and Stoughton .. 1s.net 

A most pleasantly told story of bird life — of 
birds as they appear, their plumage and its uses, 


their notes, their food, and other halfits. A 
great deal of interesting information for the 
country rambler is here given in popular form. 
Migration, the distribution of birds in time and 
space, and family relationships are briefly but* 
suggestively touched upon. 

Insects. ByH. Bastin. Illustrated. Jack. 7s. 6d. 
A large, handsome, popular b6ok on insects, 
giving in plain language the most recent know- 
ledge with regard to their lifo histories and 
habits. The illustrations, including 40 coloured 
plates, are very good, and the work forms an 
excellent introduction to entomology. 

The Vivarium. By 6. C. Bateman. Illustrated. 
Upeott Gill • . . . . . . . . 7s. fid. 

An excellent practical work on the construction, 
arrangement, and management of the vivarium, 
showing what varieties of tortoises, lizards, 
snakes, frogs, newts, and similar animals are 
suitable pets, and how to keep them in health. 

Freshwater Aquaria. By G. C. Bateman. 350 pages. 

Illustrated. Upeott Gill . . . . 3s. fid. 

A profusely illustrated handbook, dealing with 
the construction, arrangement, and management 
of aquaria, with descriptions of suitable water- 
plants and live stock, and how to obtain them. 
Natural History of British Fishes. By Frank Buck- 
land. Illustrated. S.P.C.K. . . . . 3s. fid. 

A book for the general reader, giving an account 
of the structure and economic uses of British 
fishes, and their capture by net and rod, with 
many useful hints both to sea and fresh-water 
fishermen. Methods of fish-culture in ponds and 
hatcheries aro described. 

The Naturalist on the Amazons. By H. W. Bates. 

Cheap editions. 

The author of this classical work was a friend of 
Charles Darwn'n and of A. R. Wallace, and it 
was with the latter that the famous expedition 
to the Amazons was planned and carried out. 
Both w T ere keen naturalists, and Bates, who 
remained eleven years on the banks of the 
Amazons, collected in that time an enormous 
number of insects, some eight thousand of which 
were previously unknown to science. 

The Naturalist in Nicaragua. By Thomas Belt. 

Cheap editions. 

The author, one of the greatest of practical 
observers of last century, travelled over many 
parts of the w orld, gold-mining, and at the same 
time noting the wild life of the regions where 
ho lived. In this book he gives a true and 
living account of the snakes and birds and 
strange insects of this part of Central America, 
where he was stationed for four years. There is 
no ornate language in his book, but it is vivid 
and full of colour. 

The Geographical and Geological Distribution of 
Animals. By Angelo Heilprin. 435 pages. Kegan 
Paul . . . . . . . . . . 5s. 

The author seeks “to give his readers such of 
the more significant facts connected with the 
past and present distribution of animals as may 
lead to a proper conception of the relations of 
existing faunas; to furnish a work of general 
reference, wherein the most salient features of 
the geography and geology of animal forms can 
be readily found.” 


5110 



BIBLIOGRAPHY 


Animal Life : Its Natural Conditions of Existence. 
By Karl Semper. 472 pages. Illustrated. Kegan 

Paul 5s. 

The author enters upon an investigation of how 
variability in animal organisms is brought about 
by their surroundings. First ho deals with in- 
animate surroundings — food, light, temperature, 
water at rest and in motion, atmosphere at rest 
and in motion — Rnd then he considers living 
surroundings — the influence of living organisms 
on animal life and structure. The book formed 
a course of Lowell lectures. 

The Dispersal of Shells. By Harry Wallis Kew. 291 

pages. Illustrated. Kegan Paul . . 5s. 

Dr. Alfred Russel Wallace, in a preface to this 
hook, says that many books of far greater pre- 
tension, even though they contain descriptions 
of scores of new species of shells, may be of less 
interest than this general summary of dispersal. 
The writer has gathered his facts with great 
industry, and writes a first book with modesty. 
The Senses, Instincts, and Intelligence of Animals, 
with Special Reference to Insects. By Lord Ave- 
bury. 292 pages. Illustrated. Kegan Paul. 5s. 
In this book Lord Avebury has collected his 
observations and experiments w ith regard to the 
senses and intelligence of animals, particularly 
insects, and has prefaced his work with such 
information about the organs of sense generally 
as is needed for an understanding of the observa- 
tions. The experiments are of a miscellaneous 
character, but of great interest. Such topics 
as “ How do insects find their way?” are 
discussed. 

The Mammalia in Their Relation to Primeval Times. 
By Oscar Schmidt. 308 pages. Illustrated. Kegan 
Paul 5s. 

A study of the mammalia in their relation 
to palaeontology and anthropology. After dis- 
cussing the distinctive characteristics of the 
mammals, and their position in the animal king- 
dom, Professor Schmidt divides them, in a com- 
parison of the living animals with their 
ancestors, into forked animals, marsupials, 
animals poor in teeth, hoofed animals, pair- 
hoofed animals, odd-hoofed animals ; and then 
follows miscellaneous lines up to man, and the 
man that is* to he. 

Animal Parasites and Messmates. By P. J. van 
Beneden. 274 pages. Illustrated. Kegan Paul. 5s. 
A book of the romances of the minute. The 
author, a professor at Louvain, who believes 
boldly in God-given instinct, treats animals first 
as messmates, then as “ mutualists,” and last 
as parasites. The parasites are either freo during 
their own life, or while young, or when old, or 
they undergo metamorphoses, or they are para- 
sites all their life long. In any case, they are 
interesting companions as introduced by Pro- 
fessor Beneden. 

Spiders. By C. Warburton. 136 pages. Illus- 
trated. Cambridge University Press Is. net 

This book is concerned with the habits and 
modes of life of the spiders which are most 
frequently met with and most easily recognised, 
and considerable stress is laid on the methods 
of research by which our modern know ledge of 
spiders has been obtained. The book is written 
with clearness and energy. 


Comparative Physiology. By Louis Agassiz. English 
translation by Thomas Wright. 442 lmgrs. Illus- 
trated. Bell .. .. .. .. Ds. 

An epitome of the leading principles of the 
science of zoology, in popular language, but 
treated scientifically. Though written in the 
middle of last century, this book still remains 
one of the best manuals of the subject. 

Our Friend the Horse. By F. T. Barton. 276 pages. 
Illustrated. Doan . . . . . . (is. 

A practical guide to all breeds of horses, English 
and foreign ponies, asses,* and mules; to the 
anatomy of the horse ; to eonfonnation ; tooth 
and age ; stables and stable-management ; foods 
and feeding ; horsemanship and horse-training ; 
diseases, castration, treatment in sickness, and 
to the buying and selling of horses. The whole 
is written in a clear, brief, and systematic style, 
very convenient for reference. 

Creatures of Other Days. By Rev. H. N. Hutchinson. 
270 pages. Illustrated. Chapman and Hall. 5s. 6(1. 
This book, with a companion volume on “Extinct 
Monsters,” by the same author and publishers, 
forms an admirable survey of the old-time 
creatures that have passed away from the earth. 
The whole of tho knowledge in these volumes 
is practically the outcome of the research of the 
last two generations, and the story of these 
“ lost creations ” is in itself fascinating reading, 
while throwing light also on the early history of 
living things. 

Wild Life at Home. By R. Kearton. 188 pages. 
Illustrated. Cassell . . . . . . 6s. 

An attractive little manual by the most success- 
ful of all photographers of wild creatures, giving 
away the secrets which ho lias discovered for 
the benefit of all who have the perseverance to 
go out into the fields with a camera and profit 
by them. Mr. Kearton describes his own 
ingenious devices for stalking wild creatures 
with the ardour of a Nature-lover who finds this 
bloodless sport to excel all others. The hook 
was written in the fields, and is illustrated with 
many excellent photographs of wild life. 

Book of Poultry. By Lewis Wright. Revised and 
edited by S. H. Lower. 627 pages. Illustrated. 
Cassell .. .. .. .. .. 21s.net. 

This famous standard work has been brought 
up to date in accordance with the latest poultry 
club standards. As an authority on the various 
breeds of fowls, ducks, geese, swans, turkeys, 
and the host methods of rearing, feeding, 
exhibiting, and marketing, the hook is 
unequalled. 

Earthworms and Their Allies. By F. E. Beddard. 

143 pages. Cambridge University Press ls.net 

Mr. Beddard introduces first the anatomical 
structure of the worm, describes its mode of 
life, discusses the relative frequency of earth- 
worms in different regions of the world, and 
traces their movements and migrations. His 
survey includes nearly all the usually admitted 
genera. The literature of the subject is included 
under geographical divisions. 

The Migration of Birds. By T. A. Coward. 130 

pages. Maps. Cambridge University Press Is.net 
A fascinating subject is treated in this hook in 
a common-sense manner by a modest author. In 
commenting on routes used in migration several 
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maps are given. Much attention is paid to the 
effects of wind and weather on bird flights/ and 
Mr. Coward thinks aviators may learn much 
from the birds. The very good bibliography 
includes fifty-four volumos. 

The v Crayflsh. By T. H. Huxley. 371 pages, lllus 
trated. Kegan Paul . . . . . . 5s. 

In this careful study of one of the commonest 
and most insignificant of animals, Professor 
Huxley takes the reader from matters of every- 
day knowledge to the widest views and most 
difficult problems in the study of life. It is an 
admirable introduction to zoology. 

Life In the Sea. By J. Johnstone. 150 pages. 
Illustrated. Cambridge University Press Is. net 
The investigation of the microscopic life of the 
sea has reached a point where it is worth while 
to make broad surveys of the life of the ocean, 
to consider how the different kinds of organisms 
affect each other, and how they are influenced 
by the great seasonal changes that sweep across 
the sea. Such a discussion of the general 
economy of the sea is attempted in this book. 

Plant-Animals. By F. Keeble. 163 pages. Illus- 
trated. Cambridge University Press. Is. net 

The plant-animals here discussed are two 
marine worms. Their nature and behaviour, as 
observed on tho coast of Brittany, are discussed 
with minuteness after exhaustive observation. 

Harmsworth Natural History. Throe volumes. Illus- 
trated. Educational Book Co., Ltd. . . 33s. 

A popular survey of all living creation as it 
exists today, avoiding technicalities and giving 
the pageant of animal life picturesqueness by 
pen and brush. The aim has been to combine 
scientific authority with the interest of tho 
story-book. Among the editors and con- 
tributors aro Mr. Richard Lydekker, Sir Harry 
Johnston, Professor J. R. Ainswortli Davis, Dr. 
Alfred Russel Wallace, Professor J. A. Thomson, 
Professor C. Lloyd Morgan, Mr. W. H. Hudson, 
and many other writers. 

A Book of Whales. By F. E. Beddard. 320 pages. 
Illustrated. Murray . . . . . . 6s. not 

A comprehensive account of the cetacea, giving 
the main facts of their structure and mode of 
life, and especially dwelling on the intimate 
relation between structure and environment — a 
biological generalisation that is shown in the 
whales in a striking degree. The book covers 
ground seldom so exclusively occupied. 

Extlnet Animals. By E. Ray Lankester. 354 

pages. Illustrated. Constable . . 3s. 6d. 

A vivid and brilliant attempt to describe the 
vanished monsters and strange creatures that 
once inhabited our earth. Written by a leading 
man of science of the day, who combines a 
talent for literature with a remarkable range 
of knowledge, this is one of the best popular 
bookB on the subject. 

Animal Locomotion; or, Walking, Swimming, and 
Flying, with a Dissertation on Aeronautics. By 
J. Bell Pettigrew. 264 pages. Illustrated. Kegan 

Paul 6s. 

Explains In simple language some of the difficult 
roblems in animal mechanics — how legs move 
y the force of gravity; the locomotion of 
horse, ostrich, and man; the swimming of 
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animals and fishes, and the action ofjjhe wings 
of birds and bats. Has a chapter on the balloon, 
on artificial wings, and the nature of the forces 
required to propel them. 

Jelly-Fish, Starfish, and Sea-Urchins : Being a 
Research on' Primitive Nervous Systems. By G. J. 
Romanes. 323 pages. Kegan Paul.. 5s. 

A book that made the author famous. He shows 
that the nervous tissue first appears on the scene 
of life with the qualities it displays in t)ie 
higher animals. Proves the sense of smell in . 
starfish, by keeping some of these animals with- 
out food and then putting small pieces of food 
near them. 

Animal Mechanism. By E. J. Marey. 283 pages. 
Illustrated. Kegan Paul . . . . 6s. 

A pionoer work by a muster-hand, who designed 
the instruments by which his discoveries were 
made. Marey applied the new method of in- 
stantaneous photography t® tho study of gallop- 
ing horses and running men. He measured the 
wing boats of insects by the sounds they made, 
and examined the muscular efforts that pro- 
duced the to-and-fro movements of their wings. 
Animal Intelligence. By George J. Romanes. 498 
pages. Kegan Paul . . . . . . 6s. 

One of tho classics of the Darwinian theory. 
Deals with the animal mind from the point of 
view of ovolution, and in connection with the 
growth of the human faculties. Begins with 
the lowest animals, treats of insects, fishes, rep- 
tiles, birds and mammals, and the domesticated 
beasts. Interesting and dearly-written book. 
The Colours of Animals, Their Meaning and Use. By 
E. B. Poulton. 360 pages, lllustratod. Kegan 

Paul • • 6s. 

Treats more particularly of the colours of 
insects. Shows the utility of colour and mark- 
ing in animals, and gives reasons for supposing 
that the results have mainly been achieved by 
natural selection in the struggle for life. Pro- 
tective resemblances, aggressive resemblances, 
warning colours and protective mimicry, and 
courtship colours are discussed. 

Curiosities of Natural History. By Frank Buekland. 

Four vols. Macmillan . . . . 2s. 6d. each 

Four delightful volumes, the outcome of many 
years of intimate observation. 

The Protozoa. By Gary N. Calkins. 363 pages. 

Illustrated. Macmillan . . . . 12s. 6d. net 

A summary of the most recent discoveries con- 
cerning the minute lower animals. Has an 
historical sketch of this branch of microscopic 
science ; deals with the organs and functions 
and structure of the minute animals found in 
the dust of tho air, in the sea, in ditches, in 
fresh waters and drinking waters, and in the 
bodies of the higher plants and animals. 

The Variation of Animals and Plants under Domestica- 
tion. By Charles Darwin. 2 vols. Murray. '5s.net 
A collection of facts showing the amount and 
nature of the changes that plants and animals 
have undergone under man’s dominion. 

British Birds. By F. B. Kirkman. 06 pages. Illus- 

trated. Jack .. 6**- 

Contains descriptions of all the commoner 
species of British birds, their nests and their 
eggs, tho object being to enable the reader to 
recognise the birds with ease, etc. 
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The Life ofjghrustaeea. By W. T. Caiman. 305 pages. 
Illustrated. Methuen. .. Gs. 

Gives an account of the wonderfully diversified 
habits and modes of life of the large division of 
the animal kingdom that includes lobsters. 
Addressed to the general reader, and written 
in non-technical language, but dealing with the 
important science problems. 

Insects : Their Structure and Life. A Primer of 
Entomology. By George H. Carpenter. 404 pages. 
Illustrated. Bent. .... . . 4s. Gd. net 

A small, cheap book, sketching in outline the 
whole subject of the study of insect life. Gives 
the life history of insects. Traces their relation- 
ship, the origin of wings, and metamorphosis. 
Well illustrated. 

The Foraminifera. By Frederick Chapman. 354 

ages. Illustrated. Longmans . . Os. net 

concise account of the foraminifera, suited 
to the. requirements of the student of natural 
history and palaeontology, and bringing know- 
ledge of the life history of this and other groups 
of protozoa and their geographical rango and 
distribution up to date. 

The Formation of Vegetable Mould through the 
Action of Worms, with Observations on Their 
Habits. By Charles Darwin. 298 pages. Illus- 
trated. Murray. . . . . . . 2s. Gd. net 

The result of Darwin’s keeping pots of earth 
with worms in them. He wdshed to learn how 
far a worm acted consciously, and how much 
mental power was displayed by animals so low 
in the scale of life. 

The Seashore. By W. S. Furneaux. 454 pages. 
Illustrated. Longmans . . . . 3s. Gd. net 

A very useful book by a writer who is skilful in 
displaying knowledge in an inviting way. It 
gives just the kind of guidance needed for those 
who are starting the study of the wonders of 
the sea’s margin. Abundantly illustrated. 

An Introduction to the Study of Mammals. By W. H. 
Flower and R. Lydekker. 779 pp. 111. Black. 12s. Gd. 
A comprehensive hook for students, covering 
mammals living and extinct, and entering into 
considerable detail in a number of selected 
members of the order. It contains a copious 
bibliography. 

Evenings at the Microscope. By P. H. Gosse. Revised 
by J. Bell. 434 pages. Illustrated. S.P.C.K. 5s. 
A well-known introductory work to the micro- 
scopic study of life, by a brilliant naturalist of 
the old school. Researches among the minuter 
organs and forms of animal life. It has been 
brought up to date by Professor Bell, and many 
new* facts and illustrations have been added. 

A Handbook of British Birds. By J. E. Harting. 551 
pages. Illustrated. Nimmo . . . . £2 2s. 

Shows *^he distribution of tlie resident and 
migratory species of birds in the British islands, 
and gives a record of the rarer visitants. Con- 
tains in a single volume, enriched with 35 
coloured plates, the precise status of every 
British bird, and, according to the author, 
conveys information of a kind not to be found in 
»any other work on British birds. 

British Birds in Their Haunts. By C. A. Johns. 
Revised by J. A. Owen. 326 pages. Illustrated. 
Routledge. . . . . . . 7s. 6d. net 

An admirable work brought up to date, and 
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embellished with 64 coloured plates. Contains 
a glossary of common and provincial names and 
technical terms. Many delightful stories and 
descriptions of the daily life of birds. 

An Introduction to the Study of Fishes. By A. C. L. G. 
Gunther. 736 pages. Illustrated. Black. 12s. 6d. 
Gives in a concise form an account of the prin- 
cipal facts relating to the structure, classifica- 
tion, and life history of fishes. A very useful 
book of general reference. 

British Dragonflies. By w: J. Lucas. 350 pages. 
Illustrated. Upoott Gill . . . . 10s. 6d. 

A beautiful book on the life history, species, and 
varieties of our dragonflies, with remarks on 
their capturo and preservation. An exhaustive 
treatise, adorned with 27 carefully printed 
plates in colour, with engravings in tho text. 
The Horse and Its Relatives. By R. Lydekker. 286 
pages. Illustrated. George Allen . . 10s. Gd. net 
A popular and yet scientifically accurate .account 
of the natural history of the more important 
representatives of tho horse family. Deals 
with the wild tarpan, the extinct forerunners of 
tho horse, the wild ass, zebra, and quagga, and 
the model types of horse. Written in an inter- 
esting way, and suitable for the general reader. 
Natural History. By Richard Lydekker and others. 
771 pag<«. Illustrated. Hutchinson . . . . 5s. 

A wonderful book for the price, containing an 
almost . incredible amount of information by 
eight or nine authors, eacl^ono of whom is a 
recognised authority and original investigator 
in the department with which lie deals. 

Animal Behaviour. By G. Lloyd Morgan. 344 pages. 

Illustrated. Arnold 7s. Gd. 

The behaviour of animals implying intelligence, 
emotions, and unconscious instinct. Begins with 
the behaviour of cells, the behaviour of plants, 
and traces the development of consciousness in 
the individual intelligence and social actions. 
Experiments on Animals. By Stephen Paget. 387 
pages. N is bet. . . . . . . 4s. Gd. net. 

An account of experiments on animals under 
the conditions of the Act of Parliament of 
1876, showiTig the knowledge and the new' 
means of controlling and curing disease which 
have been won by this kind of research. 

A History of Birds. By W. P. Pycraft. 458 pages. 
Illustrated. Methuen . . . . 10s. Gd. net 

An excellent work, written from the point of 
view of the evolutionist, surveying the evidence 
bearing on the birth and growth of various 
types of birds, and presenting tho study of a 
bird as one of tho living organisms moulded in 
part by an inherent constitution, and in part 
by the struggle w ith environment. 

Our Common British Fossils. By J. E. Taylor. 331 
pages. Illustrated. Routlodge . . 3s. 6d. 

A handy book for young students, dealing only 
with invertebrate fossil animals — the most 
numerous class of all. 

The Geographical Distribution of Animals. By 
Alfred Russel Wallace. Two vols. Illustrated. 

Macmillan . . £2 2s. 

One of tho monuments of modern biology. Con- 
tains a study of the relations of living and ex- 
tinct animals bearing on the question of the 
past changes in the surface of the earth. The 
work is written in lucid language. 
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Outlines of Zoology. By J. Arthur Thomson. 875 

pages. Illustrated. H. Froudo . . 12s. 6d. 

A manual for students. Gives a general sur- 
vey of the animal kingdom, discusses in detail 
the structures and functions of animals, and 
the forms of vanished life recorded in the rocks 
and sands. Deals with the doctrine of descent, 
and then examines each order of animal life 
from the minute one-cell organism to man. 
Peeps Into Nature’s Ways. By J. J. Ward. 320 pages. 

Pitman 3s. fid. not 

A capital hook for students of minute forms of 
life, including both insects and plants. The 
illustrations include a large number of micro- 
photographs taken by the author, one of the 
chief photographic contributors to the pages 
of Harms worth Popular Science. 

Injurious and Useful Insects. By L. C. Mlall. 256 
pages. Illustrated. Bell . . . . 3s. Od. 

A book for beginners, specially for those who 
arc, or are likely to be, specially interested in 
the application of entomology to agriculture, 
horticulture, or forestry. First the student is 
introduced to insect structure ; then typical 
insects are examined as to their life history ; 
and last comes information for reference. 

The Life of Animals : the Mammals. By Ernest 
Ingersoll. 555 pages. Illus. Macmillan. 8s. 6d. net 
Dealing with the mode of life, the history, and 
the relationships of the mammals. Popular in 
style. Primarily American. 

Natural History of Aquatic Insects. By Prof. L. C. 
Mlall. 395 pages, illustrated. Macmillan. 3s. 6d. 
Written mainly to help young naturalists. Dis- 
regards the technical lists of zoologists. Gives 
very vivid descriptions of the curious forms of 
insect life that inhabit waters, and describes 
their modes of locomotion, travel, respiration, 
attack, defence, and egg-laying. 

Insect Life : Souvenirs of a Naturalist. By Dr. 

J. H. Fabre. 320 pages. Illus. Macmillan. 2s. 6d. 
One of the classics of modern science, by a 
master naturalist with a fine talent for litera- 
ture. Introduces the reader into the strange, 
weird, wonderful world of insect life, some of 
the secrets of which it has taken Fabre a long 
life of constant, intense observation to discover. 
Unequalled for its studies of the living insects 
whose instincts are best developed. ’ 

A Textbook on Entomology. By Alpheus S. Packard. 

729 pages. Illustrated. Macmillan 19s. net 

A comprehensive work by an American author, 
designed for tho use both of students and 
teachers. “ The aim has been to afford a broad 
foundation for more special work by anyone who 
may want to study sotne group of insects.” 
The chapters headings are: Morphology nnd 
Physiology, Internal Anatomy, Embryology, 
and Metamorphosis. 

British Wild Flowers in Relation to Inseets. By Lord 
Avebury. 194 pages. Illus. Macmillan. 4s. fid. 
A helpful little book for students, based upon 
original observations and notes prepared for the 
author’s children. Technical terms are avoided 
as far as possible. 

Reptiles, Amphibia, and Fishes. By J. T. Cunningham 
and others. 510 pages. Ulus. Methuen. 10s. fid. net 
The life story of reptiles, amphibia, fishes, and 
the lower chordata — “ those primitive growths 
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which lie at the foundations of the grefyt houses 
of the vertebrates” — is here told by well- 
known specialists. Richard Lydekker writes on 
reptiles ; Mr. Cunningham and Dr. Boulenger 
on amphibia; Mr. Cunningham on fishes; and 
Professor J. A. Thompson on the lower forms. 
The plates are excellent, and some are in colour. 
Economic Zoology. By Herbert Osborn. 490 pages. 
Illustrated. Macmillan . . . . 8s. fid. net 

Not merely a textbook for the student, but a 
work that may be usefully consulted by all who 
wish to understand the general principles that 
govern knowledge of the animal kingdom. The 
author has freely consulted the publications of 
the official scientific bureaus of the United 
States, where he is a professor of entomology. 
The Horse : a Study in Natural History. By W. H. 
Flower. 208 pages. Illus. Kegan Paul. 2s. fid. 
Discusses the place of the horse in Nature, and 
its ancestors and relatives. Examines tho 
structure of the horse in its bearing upon its 
manner of life, its evolution, and relation to 
other animal forms. A good example of a 
work popular yet scientific. 

The Ox and Its Kindred. By R. Lydekker. 271 
pages. Illustrated. Methuen . . 6s. 

Gives the history of the extermination of the 
great wild ox of Europe and Asia. Deals with 
tho so-called white wild cattle of British parks, 
and the humped cattlo of Asia and Africa ; hut 
tho main theme is the domesticated breeds of 
ancient and modern times. Sound and clear. 
Primitive Animals. By Geoffrey Smith. 156 pages. 
Illustrated. Cambridge University Press. Is. net 
A simple account of modern views on the 
relationships of the chief groups of the animal 
kingdom, and an outline of the evidence on 
which the latest classification is based. 

With Flashlight and Rifle in Equatorial East Africa. 
ByC. G. Schillings. Hutchinson. 12s. fid. net 

This record of hunting adventures, and studies 
in wild life, is translated from the German 
original by Frederic Whyte, and is introduced 
by Sir Harry Johnston. A handsome book, 
with unique photographs, taken by day and 
night, and showing wild creatures amid their 
natural surroundings. 

Everyman’s Book of the Dog. By A. Croxton Smith. 

348 pages. Illustrated. 1 fodder . . fis. 

A hook exclusively of the popular typo, hut very 
interesting to all who are concerned with the 
dog, either as a pet or. as an animal trained to 
practical uses. 

British Insects. By E. F. Staveley. 407 pages. 
Illustrated in colours. Lovell Reeve. 7s. fid. net 
A practical book for the use of observers of 
insects, describing the form, structure, habits, 
and changes of the principal British examples. 
Excellently illustrated by coloured plates. 
British Spiders. By E. F. Staveley. 295 pages. 
Illustrated in colours. Lovell Reeve. 7s. fid. net 
A well-illustrated hook, enabling the reader to 
identify the different examples of the spider 
tribe found in Great Britain and Ireland, and 
to begin their study under competent guidance. 
Homes Without Hands. By Rev. J. G. Wood. 
632 pages. Illustrated. Longmans 7s. net 

A description of the habitations of animals, 
arranged according to their principle of 
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construction. A delightful scientific work of 
a popular character. It begins with the 
simplest and most natural form of dwelling — 
a burrow in the ground — and goes on to 
describe air-dwellers, water-dwellers, communal 
groups, parasitic forms of life, etc. 

The Popular Natural History. By Rev. J. G. 

Wood. 444 pag?s. Illustrated. Ron Hedge. 5s. 
A favourite popular work on animal life, by a 
writer with a lively style. The species "arc 
described in systematic order, and the arrange- 
ment of the various links in the chain of 
animated Naturo is explained. A pleasant 
introductory work, and useful to the general 
reader for reference. 

Insect Wonderland. By Constance M. Foot. 100 

pages. Illustrated. Methuen . . 3s. Od. net 

A volume of simple facts concerning the insect 
world, dealing with representatives of the seven 
great orders of insects. Suitable for reading by 
children, for pleasure and information. 

Insect Life. By F. V. Theobald. 235 pages. Illus- 
trated. Methuen . . . . . . 2s. Od. 

A cheap, sound, and concise account of the 
classification and habits of insects. Deals with 
their metamorphosis and structure, and then 
describes in a broad, brief way the characters of 
the various orders. Has an appendix on 
insecticides. Well illustrated. 

The Fresh-Water Fishes of the British Isles. By 
C. J. Regan. 312 pages. Illus. Methuen . Os. 
A popular account of the fishes of our lakes and 
rivers, their characters, geographical distribu- 
tion, and life history. The most recent 
researches, such as those on the growth and 
migrations of the salmon, and on the life and 
history of the eel, are explained in a lucid and 
arresting manner. 

Life by the Seashore. By Marion Newbigin. 344 

pages. Illustrated. George Allen . . 2s. Od. net 

This book is written with an attractive sim- 
plicity. Its object is to enable those who have 
had no special zoological training to learn the 
names and the characters of the common 
inhabitants of the seashore pools. 

An Outline of the Natural History of Our Shores. By 
Joseph Slnel. 347 pages. Illustrated. George 
Allen . . . . . . . . . . 7s. (id. 

An addition to the title is “ with chapters on 
collecting and preserving marine specimens, 
methods of microscopic mounting, and on the 
marine aquarium. ” The descriptions, covering 
a wide field, are chatty and easily understood, 
and the illustrations are excellent. 

The Bird Life of London. By Charles Dixon. 366 

pages. Illustrated. Heinemann . . 6s. net 

Tne writer of this book is one of the most 
accomplished of living students of bird life. 
For eight years he had been studying the birds 
within a fifteen-mile radius of London when 
he wrote the series of notes given here. 

The Young Naturalist. By W. Perclval Westell. 

476 pages. Illustrated. Methuen . . 6s. 

A comprehensive guide to British natural 
history, under the direction of a writer skilled 
in introducing young readers to outdoor life. 
Amply illustrated. 


British Birds. By W. H. Hudson. Illustrated. Long- 
mans 3s*. 6d. net 

The best cheap English hook on British birds, 
written by a master of pure English, and a 
most competent and sympathetic observer. 

MAN 

Embracing Anthropology Anatomy, 
Physiology, Psychology, Hypnotism. 

See also under Society. 

A Textbook of Physiology. By Sir Michael Foster. 

Four vols. Macmillan * . . . . 39s. 

A classical work on the structure and functions 
of the body by the famous leader of the Cam- 
brige School of Physiology. It covers the entire 
field, and, though clearly and methodically 
written, it is rather too largo for popular read- 
ing, though extremely useful for general 
reference and special study. 

The Growth of the Brain. By H. H. Donaldson. 
365 pages. Illustrated. Scott .. gs. (id. 
A scientific work for the parent and the teacher, 
showing the comparative insignificance of formal 
education. It is suggested that the powers of 
the nervous system are all-important to the 
welfare of the higher animals, and that it is 
necessary to search out their growth and 
changes. This the author has attempted. 

The Principles of Psychology. By Herbert Spencer. 

Two vols. 1270 pages. Williams and Norgate. 36s. 
One of the great classics of the study of the 
evolution of the feelings and intellect. In tho 
first volume Spencer traces the parallel develop- 
ment of the nervous system, the emotions and 
intelligence. In the second volume he analyses 
the mental states of men, and deals with the 
metaphysical side of the problem of mind. 

The Natural History of Digestion. By A. L. Gillespie. 

427 pages. Illustrated. Scott . . 6s. 

A description of tho general laws governing 
digestive processes in all living bodies — plants as 
well as animals. Prefaced by an account of 
ancient theories of digestion, and closing with 
an examination of stimulants and foods, the 
book in its leading chapters discusses every 
phase of digestion and the action of the digestive 
organs. Its appeal is made both to the student 
and the general reader. 

Lectures on Human and Animal Psychology. By 
Wilhelm Wundt. 459 pages. Goorge Allen. 10s. 6d. 
A reproduction of thirty lectures by the dis- 
tinguished psychologist Professor Wundt, of 
Leipsie University. The author has revised the 
original edition of these lectures, not only as 
regards the amount of matter so as to make 
them simpler, but alsa to suit his change of 
opinion. They consist very largely of discussion 
of the Weber-Fechner law, and are indis- 
pensable for those who would bring themselves 
up to date in physiological psychology. 
Prehistoric Man. By W. L. H. Duckworth. 161 
pages. Illus. Cambridge University Press, ls.net 
This book deals with the earliest phases in the 
history of mankind. It begins with the 
precursors of palaeolithic man, intermediate 
between mankind and the more highly developed 
apes, and follows on through the association of 
primitive man with animal remains, to the 
evolution of tho higher human types. 
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Experimental Psychology. By C. S. Myers. 156 

pages. Ulus. Cambridge University Press, ls.net 
An introduction to experimental psychology, by 
means of typical themes of research, presented 
in such a form as to give the educated reader 
a general notion of the scope of the science and 
of the experimental methods it employs. 

The Mind of Man : A Textbook of Psychology. By 
Gustav Spiller. 552 pages. George Allen. 5s. not 
Especially designed for the use of students. The 
volume consists of three parts : Method, general 
analyses, and special syntheses. It is an attempt 
to offer a comprehensive survey of the whole 
field of psychology. The author claims that 
each portion of the work is the outcome of re- 
search; but he also reviews, with unusual ful- 
ness, the extensive literature of the subject. 
The Man of Genius. By C. Lombroso. 370 pages. 

Illustrated. Maps. Scott . . . . 3s. fid. 

A book that has had a European circulation and 
excited discussion in almost every language. 
The unrelieved pessimism of Lombroso reaches 
its deepest depths in this volume, which seeks to 
identify genius with degeneration. The author 
gathers his instances from a very wide field, but 
tinges them all with his peculiar hopelessness. 
The chief credit of Lombroso is that, in making 
men answer him, he makes them think. 
Physiognomy and Expression. By P. Mantegazza. 
318 pages. Illustrated. Scott .. 3s. fid. 

The Italian author of this fresh and energetic 
book — the Director of the National Museum of 
Anthropology at Florence — claims to have taken 
up the study of expression where Darwin left it, 
and to have carried it a step further. The 
psychologist and the artist, he says, will find 
new facts and facts already known, but inter- 
preted by new theories. It is a study of psycho- 
logy through the human countenance — a study 
manifestly assisted by the fluidity of Italian 
expression. A bright book, brimming with ideas. 
Sanity and Insanity. By C. Mercier. 395 pages. 

Illustrated. Scott . . . . . . 3s. fid. 

In this book the lecturer on insanity at the 
Westminster Hospital Medical School reviews 
almost the whole of his painful subject. It is an 
individual study, as many of the doctrines 
advanced admittedly are not accepted by the 
profession at large. The subject is made interest- 
ing both by completeness of knowledge and 
candour of expression. 

Introduction to Comparative Psychology. By C. 
"Lloyd Morgan. 381 pages. Diagrams. Scott, fis. 
The main object of the author is to discuss the 
relation of the psychology of man to that of the 
higher animals ; and the secondary object is to 
ascertain what light comparative psychology 
throws on certain philosophical problems. The 
book is written without a too strong reliance on 
scientific phraseology, and may be understood by 
the average reader. 

Hallucinations and Illusions. By E. Parish. 390 

pages. Scott 3s. 6d. 

Tne International Congress of Sociology, meet- 
ing at Paris in 1899, originated an international 
census of waking hallucinations in the sane. 
The author" of this book was engaged on that 
inquiry, with the result that he collected the in- 

5116 


formation which is included in this vflumc, as 
a supplement to the results of the inquiry. An 
abstruse subject is treated with most in- 
dustrious illustration. 

Apparitions and Thought-Transference. By F. Pod- 

more. 401 pages. Illustrated. Scott. 3s. fid. 
The author of this work is one of the enthusiasts 
who have founded the Society for Psychical 
Research, and here he aims at presenting, in a 
brief compass, a selection of the evidence upon 
which the hypothesis of thought-transference or 
telepathy is based. It does not lose but rather 
gains in weight by being an abridged edition 
of a larger book. It ranks with Mr. F. W. H.. 
Myers’s “ Human Personality ” as a book that 
must be read by all who would examine faith- 
fully the evidence for a world of ghosts. 

The Psychology of the Emotions. By T. Ribot. 455 

pages. Scott fis. 

Professor Ribot here continues the psychology 
studies which gained such a sensational 
prominence through the theories of William 
James and Lange. The book consists of two 
parts. The first studies the more general 
manifestations of feeling — pleasure and pain; 
the second deals with special emotions — fear, 
anger, sympathy, social and moral feeling, the 
lesthetic sentiment, and abnormal and morbid 
characters. 

The New Psychology. By E. W. Scripture. 490 

pages. Illustrated. Scott . . . . fis. 

Tlie new psychology is a purely mental science 
founded on experiment and exact measurement. 
Its apostles, as set forth in this book, are 
Fechner — of the Fechner-Weber law — Helm- 
holtz, and Wundt. The writer admits that no 
physiological experiments or methods can ever 
reveal a mental act. Admitting that, wo may 
go on to admit that the strength of voluntary 
action, the diminutions of fatigue, arid so on, 
may be interestingly tested, as shown in this 
hook ; but the warrant for calling theso valuable 
observations an introduction to a new science 
is not made out. 

The Mediterranean Race. By G. Sergi. 320 pages. 

Illustrated. Scott . . .... fis. 

Only in recent years has the origin of the nations 
of Southern Europe been rescued from the idea 
that all white peoples are of Aryan blood. The 
view now is being generally accepted that the 
Mediterranean peoples had a separate origin, 
and this contention, put forward here by Signor 
Sergi, Professor of Anthropology in the Uni- 
versity of Rome, has not only gained acceptance 
hut is being attested by the excavations in Crete 
and elsewhere. The case for tho Mediterranean 
stock is here presented in a convincing manner. 
The Interpretation of Dreams. By Professor Freud. 

George Allen . . . . . . . . 15s. not 

A study of the psychological technique by which 
dreams can be interpreted, and upon the applica- 
of which every dream may be introduced into 
an assignable place in the psychic activity of the 
waking state. The author endeavours to 
explain processes which give rise to the strange- 
ness and obscurity of dreams, and to discover 
through them the nature of the psychic forces 
which operate to produce the dream. , 
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Lessons A Elementary Physiology. By Thomas H. 

Huxley. 611 pages. Illustrated. Macmillan. 4s. 6d. 
A short, clear, business-like description of the 
organs and build and activities of the human 
body. Surveys the general field of anatomical 
science, and deals with the main facts of the 
processes of life. 

The Brain and its Functions. By J. Luys. 327 pages. 

Kegan Paul 5s. 

In the first part the writer treats of the anatomy 
of the brain by new methods of investigations 
that he discovered. In the second part he deals 
with the general properties of the nervous 
elements, the evolution of memory, dreams, the 
genesis of personality, ideas and sense im- 
pressions. The book is thirty-two years old, but 
worth reading as an introduction. 

The Study of Man : An Introduction to Ethnology. 
By Professor A. C. Haddon. 512 pages. Illus- 
trated. Murray . . . . . . 6s. net 

A book which is intended for the general reader 
rather than the scientific student. It is not so 
much a treatise on anthropology as a collection 
of samples of ways in which the subject may be 
studied. Passing from the direct study of man, 
the book deals popularly with the evolution of 
some of his handiworks, such as the cart and 
the Irish jaunting-car. Even more popular are 
a series of chapters on country games. 
Colour-Blindness and Colour-Perception. By F. W. 

Edridge-Green. Kegan Paul . . . . 5s. 

Observations based on the examination of 116 
colour-blind persons and numerous recorded 
cases. A practical hook, based on work done 
for the Board of Trade. Attributes colour- 
blindness to diminution in the visual range, and 
gives instances of acquired colour-blindness. 
About one in five persons, according to the 
writer, has a diminished perception of colour, 
men being worse than women. 

Animal Magnetism. By Alfred Binet and Charles 
Ft re. 37 A pages Kegan Pa ul .. 5s. 

An account of special researches into hypnotism 
and suggestion, undertaken chiefly at the 
famous French institution, the Salpetriere. 
Gives history of hypnotism from Mesmer, and 
describes ways of producing hypnosis and the 
symptoms of the hypnotic states. Has a 

chapter on hallucinations, and one on 

hypnotism and responsibility. 

Ethnology. By A. H. Keane. 425 pages. Illus- 
trated. Cambridge University Press . . 10s. 6d. 

Deals with the fundamental problems of the 
division of mankind into races, and then 
describes the primary racial groups. Written 
in a clear and interesting style by one of the 
masters of anthropology. 

Anolent Types of Man. By Arthur Keith. 151 

pages. Illustrated. Harpers.. .. 2s. 6d. 

A clear and readable account of the types of 
mankind whose remains have been discovered at 
various depths in the earth. Professor Keith 
is an authority on the subject, and he has an 
original point of view on some problems of 
human origin. 

General Physiology of Muscles and Nerves. By J. 

Rosenthal. 324 pages. Kegan Paul 5s. 

The first connected account of the general 
structure of muscles . and nerves, a subject 


interesting to the specialist, the man of sciences 
and the gcnral reader of cultivated tastes. A 
recently discovered branch of modern science, 
with many gaps in it still. 

Hypnotism and Treatment by Suggestion. By J. Milne 

Bramwell. 216 pages. Cassell .. 5s.net 

Deals with the practical points of this new 
science, such as the methods of employing sug- 
gestion, the causes that influence the suggesti- 
bility of patients, and the class of persons 
suitable for this form of treatment. An outline 
'is given of the most important theories regard- 
ing the hypnotic state, and there is an historical 
sketch of the subject. 

The Human Species. By A. de Quatrefages. 498 

pages. Kegan Paul . . . . . . 5s. 

Discusses the unity of the races of man, the 
origin of mankind, the birthplace of primitive 
man, and the peopling of the earth. One part 
is given up to a description of fossil human 
races, which is now incomplete, owing to later 
discoveries. The last parts depict the physical 
and mental characteristics of existing races. 
The Five Senses of Man. By Julius Bernstein. 394 

pages. Illustrated. Kegan Paul . . Cm. 

A general survey of the senses, but endeavour- 
ing by the interposition of physical and physio- 
logical explanations “ to take the reader a step 
beyond the domain of ordinary popular 
treatises.” 

Mind and Body : The Theories of Their Relation. 

By Alexander Bain. 196 pages. Kogan Paul. 5s. 
The entire bodily system is ih intimate alliance 
with mental functions. This book, beginning at 
the organs of sense and motion with which the 
nervous system communicates, seeks to find 
how they act on the brain, and how the brain 
reacts of them, and the conclusion arrived at ia 
that the physical and mental depend on one 
substance, with two sets of properties — a double* 
faced unity. 

Outlines of Psychology. By H. Hoffding. 365 

pages. Macmillan . . . . . . 6s. 

The best hook to place in the hands of the 
beginner who really wants to know the subject, 
and not merely to amuse his curiosity. It is a 
stiff hook, hut does not require previous know- 
ledge of the subject. 

Man and Woman. By Havelock Ellis. 488 pages. 

Illustrated. Walter Scott . . . . 6s. 

Written as a study of “ human secondary sexual 
characters,” Dr. Ellis intended this hook to be 
also a more elaborate study of the primal^ 
phenomena of sex on the psychological side. 
Discusses how far sexual differences are arti- 
ficial, the result of tradition and environment, 
and how far they are represented in the actual 
constitution of the individual. 

Sleep. By Marie de Manaceine. 341 pages. Illus- 
trated. Walter Scott . . . . . . 3s. fid. 

A valuable consideration of the “physiology, 
pathology, hygiene, and psychology ” of sleep, 
with a good bibliography, and interesting 
examples of dreams and complex personality. 
The Races of Man. By J. Deniker. fill pages. 

Illustrated. Walter Scott . . . . 6s. 

Gives the essential facts of the twin sciences of 
anthropology and ethnography. Designed for 
all those who desire to obtain a general notion 

5117 



HARMSWORTH POPULAR SCIENCE 


of these sciences rapidly. The hook brings into 
one volume a mass of valuable information 
gleaned from a great number of notes and 
memoirs in all languages. 

Hypnotism. By Albert Moll. 610 pages. Walter 
Scott . . . . . . . . . . 6s. 

A thorough survey of “ all that is most import- 
ant in the whole province of hypnotism. '* Deals 
with the various theories of hypnotism, and 
describes original experiments. Medical and 
legal aspects of hypnotism are also considered, 
and there is a long chapter on occultism, a 
bibliography, and an excellent index of sub- 
jects and names. 

The Psychology of Insanity. By B. Hart. 1 76 pages. 

Cambridge University Press . . . . Is. net 

A work interesting not only to the medical 
man, but also to tins general reader, inasmuch 
as mental aberrations are in some degree 
present even in the sanest. The book is much 
influenced by the new and revolutionary ideas 
of Professor Freud of Vienna, who regards in- 
sanity not principally as a disease of the brain, 
but rather as arising from painful and dis- 
ordered ideas, bibliography. 

The Origin of the Aryans. By Isaac Taylor. 339 
pages. Illustrated. Walter Scott . . 3s. Od. 

Intended to he a summary of the labours of 
many scholars, and a digest of the literature 
that has grown up concerning the prehistoric 
ethnology and civilisation of Europe. 

Memory and Its Cultivation. By F. W. Edridge- 
Green. 311 pages. Regan Paul .. 5s. 

A hook in two parts, the first considering the 
faculties of the mind involved in memory, and 
the second discussing the improvement of 
memory so as to lighten labour. The author 
asserts that after discovering the facts which 
led him to write this book lie could master a 
subject in about one-fifth of the time it 
previously took him. 

The Brain as an Organ of Mind. By H. Charlton 
Bastian. 708 pages. Illustrated. Keg an Paul. Gs. 
After discussing generally the uses and elements 
of a nervous system, Dr. bastian considers the 
nervous system in invertebrates; then the brain 
of the vertebrates and intelligence in lower 
animals; and, lastly, brain and intelligence in 
man. He mentions that he has sought to embody 
in one book some details concerning all the roots 
from which the complex science of mind is 
derived, in order to show its many-sided origin. 
The Senses and the Intellect. By Alexander Bain. 

671 pages. Longmans.. .. .. J5s. 

This book, and a companion volume of the same 
size, issued by the same publishers at the same 
price, entitled “The Emotions and the Will,” 
complete Bain’s psychology. They are, how- 
ever, now regarded as in a large degree 
superseded by more modern works. 

Body and Mind. By William McDougall. 384 pages. 

Methuen 10s. 6d. net 

The author, who is Header in Mental Philosophy 
in the University of Oxford, describes his book 
ns “a history and a defence of animism.” A 
comprehensive survey of the problem of the 
relations between body and mind is given under 
the following form — (1) a history of the develop- 
ment of animism from the primitive idea of the 


gliost-soul to the present day; (2) 6 critical 
examination of alternative theories; (3) an 
attempt to state animism in a form compatible 
with sound epistemological principles, and with 
the established results of modern science. 
Adolescence. By G. Stanley Hall. Two vola. 

Appleton . . 31s. 6d. net 

One of the most significant boofts of the present 
age that has only just begun to reach the con- 
sciousness of thinkers and educationists in this 
country. Dr. Stanley Hall, who has great 
influence in American education, is the first 
writer to appreciate adequately the enormous 
importance of the period of adolescence, and 
to discuss it in all its phases, comprising its 
relations to physiology, anthropology, sociology, 
sex, crime, religion, and education. 

Principles of Physiology. By J. G. McKendrick. 

242 pages. Williams and Norgato . . Is. net 

This popular review of the principles of 
physiology, by a well-known authority who was 
lately professor in the Glasgow University, is 
designed for readers with no scientific training. 

The Human Body. By Arthur Keith. 256 pages. 

Williains and Norgato . . . . . . Is. net 

This hook, by an eminent member of the Royal 
College of Surgeons, treats of the history of the 
human body rather than of its structure and 
mechanism. The body and its senses are con- 
sidered in relation to the problem of the 
antiquity and genealogy of man, and the author 
summarises our present knowledge. 

The Circulation of the Blood. By William Harvey. 

(heap editions. 

This famous work, which revolutionised medi- 
cal science, was printed in 1628 in Latin; the 
present translation was made 220 years later by 
Robert Willis. 

How We Think. By John Dewey. 232 pages, 
liarrap . . . . . . . . 3s. 6d. 

An elementary and practical study of psycho- 
logy, by the Professor of Philosophy in Columbia 
University. Has interesting side-tracks into 
logic, philology, and ethics. 

The Human Mechanism. By Theodore Hough and 
William T. Sedgwick. 564 pages. Illustrated, 
(linn .. .. .. .. .. 8s. Od. 

The physiology of the human body is fully 
treated in its relation to hygiene, sanitation, 
and the general regulation of its surroundings. 
A scientific and practical work. 

Nerves and Common Sense. By Annie P. Call. 198 

pages. Hodder and Stoughton. . . . . 3s. 6d. 

Ail excellent, practical handbook for nervous, 
irritable, worrying people. The author sums 
up as follows: “Give up resentment; give lip 
unhealthy resistance!” 

Outlines of Psychology. By W. Wundt. 392 pages. 

Williams and Norgato . . . . 8s. net 

An English translation of the great standard 
work in psychology, written by the founder of 
the modern school of physiological or experi- 
mental psychology. 

Story of Life’s Mechanism. By H. W. Conn. 219 

pages. Illustrated. Hodder and Stoughton. Is. net 
This little treatise attempts, in the light of 
modern biological science, to answer the ques- 
tions which arise in relation to the, conception 
of the body as a machine. To what extent are 



BIBLIOGRAPHY 


known physical and chemical laws and forces 
adequate to an explanation of the various 
phenomena of life? Are there any known 
forces which can furnish a natural explanation 
of the origin of the living machine? 

Thought and Feeling. By F. Ryland. 219 pages. 

Hodder and Stoughton .... . . Is. net 

A popular exponition of some of the problems of 
psychology, dealing in a concrete and simple 
manner with tlio elementary phenomena of 
mental life, such as mental images; perception 
and illusion ; how we come to know the position 
of things ; feeling; movement and will ; thought 
and language. 

The Mind. By J. M. Baldwin. 203 pages. Illus- 
trated. Hodder and Stoughton .. ls.net 

A definitely evolutionary study of psychology, 
taking into account not only introspective 
psychology, hut also the mind of tlio animal, 
and the mind of the child. Other chapters deal 
with the connection of body with mind ; mental 
diseases; “ how we experiment on the mind ” ; 
suggestion and hypnotism ; the training of the 
mind ; education ; social psychology ; and the 
genius and his environment. 

Psychology. By Henry J. Watt. 90 pages. Jac k. 6d. 
The ultimate aim of psychology is to obtain 
certain and unanimous knowledge regarding 
the constitution of mind, its history, and its 
destiny; and the method pursued is that of 
elaborate introspection. This little book is a 
handy introduction. It includes a bibl-’ograpby. 
Hypnotism. By A. M. Hutchinson. 02 pages. Jack. (id. 
Hypnotism, as the science of self-education and 
self-healing, and of education by suggestion as 
applied also to children and others, is very ably 
treated in tin’s little book. The medical 
advantages of hypnotism are ably described, 
and many popular illusions in its disfavour are 
dispelled. There is a bibliography. 

Illusions : A Psychological Study. By James Sully. 

390 pages. Kegan Paul . . . . 5s. 

A survey of the field of error, embracing not 
only the illusions of sense that may be inc luded 
under a study of physiological optics, hut also 
hallucinations, dreams, illusory introspection, 
and the deceits of memory and belief. A use- 
ful bibliography is included as an appendix. 
The Childhood o! the World. By Edward Clodd. 

Kogan Paul . . . . . . . . Is. 

An account of the thoughts and surroundings 
of the earliest men, when the greatest of all 
inventions, such as the uses of lire, the develop- 
ment of language, and the beginnings of writing, 
were coming into use. AVritten with great 
simplicity and charm. 

Manual of Human Physiology. By Leonard Hill. 

49G pages. Illustrated. Arnold . . Os. 

Designed to give the general reader some in- 
sight into the wonderful complexity of structure 
and function which, taken together, compose 
a living man. Technical terms avoided as far 
as possible, and stress is laid on such facts as 
are of real human interest. 

The Descent of Man. By Cliarles Darwin. 093 pages. 

Illustrated. Murray 2s. 6d. 

The classic w r ork on the history of the human 
race. Gives evidence of the descent of man 
from some lower form ; indicates the manner of 


his evolution, and traces his affinities among 
the higher apes. The* formation of rac es attri- 
buted slightly to conditions of life or struggle 
of life, hub mainly to sexual selection on tlio 
part of women. Traces the principle of sexual 
selection among animals. 

The Expression of the Emotions in Man and Animals. 
By Charles Darwin. 392 pages, illustrated. 

Murray . . 2s. (id. net 

A study in the evolution of life from the 
psychological side. Emotion being more funda- 
. mental than intellect, Darwin endeavours to 
find a connection between certain exhibitions 
of feelings in animals and certain instinctive 
expressions of emotions in man. 

Hypnotism and Suggestion. By Bernard Hollander. 
300 page's. Pitman . . . . . . 0s. net 

The result of thirty years’ practical experience 
of hypnotism in daily life, education, and 
medical practice. Dr. Hollander considers two 
aspects of hypnotism ; first, the value of the 
study of its psychic* phenomena ; and, second, 
its value as a therapeutic agent for the 
amelioration and cun* of nervous and mental 
disorders. Then? are large* numbers of 
recorded cases in recent experiments. 

The Riddle of the Universe at the Close of the Nine- 
teenth Century. By Ernst Haeckel. Translated by 
J. McCabe. 348 pages. Watts.. .. 9d.net 
A popular restatement of Haeckel's scheme of 
.thought, giving his views on the lines by which 
man evolved from protoplasm; the evolution 
of the world; the “ mortality of the soul,” and 
the “ equivalence of spirit and matter.” It 
ends with a piece of somewhat empty rhetoric. 
The Childhood of Art ; or the Ascent of Man. By 
H. G. Spearing. Illustrated. Rout ledge. 21s. net 
A clear and interesting survey of human art 
from the paintings of the primitive cave-men 
to the finest works of the Creeks, all interpreted 
as documents revealing the* varying fortune's of 
man in his struggle for intellectual power and 
moral balance. The value* of the hook is 
enhanced by nearly 500 illustrations. 

Youth and Sex. By Mary Scharlieb and F. Arthur 
Sibly. 92 pages. T. ('. and E. (1. Jack .. fid. 
A practical and sensible little* hook for parents 
on the dangers and safeguards for young people, 
in which Dr. Mary Ncharlieb writes of girls, and 
Mr. Sibly of hoys. The duty of adults to both 
sexes in adolescence, and methods of mental and 
moral training, are considered. 

Ancient Hunters and Their Modern Representatives. 
By W. J. Sollas. 410 pp. Ulus. Macmillan. Pis. 
The clearest, fullest, and latest work on the 
study of the arts and conditions of the primi- 
tive inhabitants of Europe*. Combines the most 
recent researches of French anthropologists and 
German geologists with the views of British 
students of the problems of prehistory. Shows 
that probably the ancestors of Tasmanian and 
African Bushmen dwelt in Europe in the warm 
intervals between the Great fee Ages. 

Psychology : A Short Account of the Human Mind. 
By F. S. Granger. 235 pages. Methuen. 2s. fid. 
A successful attempt to simplify, in language 
and illustration, a subject that is inevitably 
abstruse. A useful general introduction to 
the study of psychology. 


5 ll 0 



HARMSWORTH POPULAR SCIENCE 


Woman and Womanhood : a Search for Principles. 
By C. W. Saleeby. 398 pages. Heinemann. 10s. net 
A clear and interesting study of the position of 
the civilised woman. The author has set out 
to furnish for the individual woman, and for 
those in charge of girls, a guide of life based 
upon the facts of physiology of sex. But he 
takes a wide and illuminating view of the sub- 
ject, from the .standpoint of a Eugenist. 
Anthropology. By Edward Tylor. 463 pages. Illus- 
trated. Macmillan . . . . 7s. 6d. 

An admirable introduction to the study of 
primitive and savage man. A large and varied 
field of facts is surveyed in a clear, orderly 
manner by a leading authority, and the prin- 
cipal ideas are presented in an easy style suit- 
able for the general reader. A standard work. 
Man and His Handiwork. By Rev. J. G. Wood. Illus- 
trated. s.p.c.k. . . . . . . r>N. 

An interesting endeavour to trace out the 
history of the human race from the handiwork 
of man throughout the ages. The meaning of 
the weapons and utensils discovered by geolo- 
gists, and their light on the life of the men 
who used them. There are about 500 pictures. 
Studies of Childhood. By James Sully. 535 pages. 

Longmans 12a. (3d. net 

The author began the detailed study of the 
child’s mind before the fashion set in in 
America, and his writings have done muoli to 
foster an appreciation of childish forms of intel- 
ligence. A hook for parents as well as teachers. 
Teachers* Handbook of Psychology. By James 
Sully. 625 pages. Longmans . . . . 6s. net 

The writer of this book was at one time a 
teacher of psychology to teachers in one of the 
leading training colleges. Here he gives a 

general survey of his subject revised up to date, 
and he includes a full bibliography. 

The History of Mankind. By Friedrich Ratzel. 

Translated by A. J. Butler, with an introduction 
by E. B. Tylor. Three vols. Illustrated. Mac- 
millan 36s. net 

A guidebook to the study of man and civilisa- 
tion. To those beginning anthropological work 
it -gives indispensable sketches of the races of 
mankind, especially of the barbaric peoples who 
display culture in its earlier stages. The illus- 
trations number nearly twelve hundred. Popu- 
lar in treatment and scientific in spirit. 

The Principles of Psychology. By William James. 

Two vols. Macmillan . . . . 25s. net 

One of the great modern books that has pro- 
foundly influenced thinkers. Tho book contends 
that when psychology has ascertained the 
empirical correlation of the various sorts of 
thought or feeling w ith definite conditions of the 
brain it can go no further. If it goes further 
it becomes metaphysics. The author regards 
the law's of the co-existence of passing thoughts 
with brain-states as the ultimate laws of 
psychology. The book is “ a mass of descriptive 
details running out into queries which only 
metaphysics can deal with.” 

Ambidexterity. By John Jackson. With an intro- 
duction by Major-General R. S. S. Baden Powell. 
268 pages. Illustrated. Kegan Paul 6s. not 
An argument for the natural development and 
rational training of both hands, and its effect 
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upon the development of both partf of the 
brain. Deals both with the scientific and practical 
views of the matter, and gives a list of trades 
and sports in which ambidexterity is a gain. 
Physiological Psychology. By William MeDougall. 

172 pages. Dent Is. net 

A book of remarkable originality and insight, 
showing the interaction of ^physiology and 
psychology and the value of studying them in 
conjunction. The author is taking a foremost 
place as an authority in the region of science 
covered broadly by this book. * 

Unsoundness of Mind. By Sir Thomas S. Clouston. 

360 pages. Methuen 7s. 6d. 

Written rather for the general public than for 
experts. The book traces the mental history of 
a large number of families in the Orkneys, the 
writer contending that there should be more 
public knowledge of the conditions of mental 
aberration. An interesting and valuable work. 
Text-book of Psychology. By William James. 

491 pages. Macmillan . . . . 7s. net 

This is a condensation of the author’s monu- 
mental “ Principles of Psychology,” so that it 
may he used for teaching purposes. Contro- 
versial questions discussed in the larger book 
are. omitted, and some chapters necessary for 
the work of students are added. 

Alterations of Personality. By Alfred Binet. 365 

pages. Chapman and Hall . . . . 6s. 

Monsieur Binet brings together a storehouse of 
recorded facts on such fascinating themes as 
successive and co-existent personalities in the 
same life, and changes of personality by experi- 
ments in suggestion. 

Deaf Mutism. By Dr. James Kerr Love. 369 pages. 

Illustrated. Maclehose . . . . 9s. net 

A 11 important work on deaf mutes, produced in 
answer to the need of a careful study of the 
subject from a medical point of view. Besides 
discussing fully the origin of the disability in 
speech and hemring, the work treats of the 
education of deaf mutes, and surveys the various 
systems and their results. 

The Human Mind. By James Sully. Two vols. 

Longmans 21s. 

A textbook of psychology by a well-known 
authority, especially intended for those who 
desire a fairly full presentment of the latest 
results of research. Deals at some length with 
experimental psychology, and with illustrations 
of the principles on which the mind w r orks in 
the abnormal conditions of insanity and hypno- 
tism. A w ork of an advanced kind, hut written 
in a clear, sound style, easy to follow'. 

HEALTH 

The Eugenics section should also be consulted 

under this heading 

The Health of the State. By Sir George Newman. 

200 pages. Headley . . . . Is. 

An account in popular language, by an official 
administrator, of the rise and practice of 
preventive medical ideas in the sphere of social 
reform. The author thus describes his inten- 
tion in writing: “ May be looked upon in some 
sort as a missionary handbook, sent forth as a 
reminder that the physical health and fitness of 
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the peopje is the primary asset of the British 
Empire, and the necessary basis of that social 
and moral reform which has for its end ‘ the 
creation of a higher type of man.’ ” 

Our Secret Friends and Foes. By Percy Faraday 
Frankland. Illustrated. S.P.C.K. .. 3s. 

A popular description, by the Professor of 
Chemistry in tliy University of Birmingham, of 
bacteria, and of recent progress in the science 
of bacteriology. As the title suggests, the book 
deals with bacteria in relation to human life. 
Handbook of Practical Hygiene. By D. H. Bergey. 
164 pages. Williams and Norgatc . . Cs». 6d. net 
A most convenient handbook for the guidance 
of students in the sanitary analysis of air, 
water, soil, and the principal food materials, 
and in testing the ventilation of buildings. 

Sleep and Sleeplessness. By Haydn Brown. 160 

pages. Hutchinson . . . . . . 2s. (id. 

Very important advice, on a little understood 
subject, to sufferers from insomnia. Will be 
extremely helpful in all such cases. 

The Hygiene of Mind. By Sir T. S. Clouston. 284 
pages. Illustrated. Methuen . . . . 7s. Gd. net 

This book aims at giving in popular language 
some of the most important facts that have 
been ascertained with regard to the mind, and 
considers the conelusions from those facts in 
relation to mental betterment through physio- 
logical, psychological, and medical means. 

The Hygiene of School Life. By R. Crowley. 393 
pages. Illustrated. Methuen . . 3s. (hi. net 

A medical man who has had much care of school 
children, and is now an officer in the medical 
department of the Board of Education, discusses 
the best means by which their physical and 
mental health may he promoted. The hook 
may he commended to parents and teachers. 
Manual of Bacteriology. By A. B. Griffiths. 348 
pages. Illustrated. Heincmann . . f>s. 

A good popular introduction to the study of 
bacteria, giving special attention to laboratory 
methods, infectious diseases, and microbes of 
the air, of the soil, and of the water. 

Control of Body and Mind. By Frances Gullck 
Jewett. 269 pages. Illustrated. Cl inn. 2s. Gd. 
Emphasis is laid on the care and cultivation 
of the special senses; on the relation of health 
to efficiency, mental clearness, and memory ; 
on the influence which worry, fear, anger, hope, 
and joy exert over circulation, respiration, and 
digestion ; on the power which alcohol and nar- 
cotics have to damage the nervous system and 
to destroy character. 

Air and Health. By R. C. Macile. 340 pages. 
Methuen. . . . . . . . . 7s. Gd. net 

An able work, dealing with the physical and 
chemical properties of air, particularly with 
reference to health and disease. The physio- 
logy of respiration is considered in its practical 
bearings, and chapters are devoted to the ques- 
tions of climate, dust, fogs, germs, epidemics, 
etc. The discussion of ventilation is interesting. 
The Chemistry of Life and Health. By C. W. Kimmins. 
167 pages. Illustrated. Methuen . . 2s. fid. 

This book is intended to give a concise and 
simple account of the various scientific laws and 
processes necessary to the proper understanding 
of the subject of hygiene. In it are described 


the chemical processes which effect the 
atmosphere; the structure of the body; the 
composition of water and of food substances. 
Ventilation, prevention of infection and of 
disease, and the proper rooking of food, are 
treated on a scientific basis. 

Health and Disease. By Leslie Mackenzie. 252 

pages. Williams and Norgale . . Is. net 

Dr. Leslie Mackenzie, medical member of the 
Local Government Board for Scotland, discusses 
a wide range of health subjects, including death 
rates, infections, antitoxins, immunity, tuber- 
culosis, plague, disease and destitution, the 
evolution of the health movement, etc. Able, 
popular, and concise. 

The New Hygiene. By Elie Metchnikoff. 104 pages. 
Heinemann .. .. .. .. 2s. Gd. 

Three lectures delivered under the auspices of 
the Royal Institute of Public Health, with 
introduction by Sir E. Ray Lankcster. They 
deal with the prevention of infectious diseases. 
Extremely suggestive. 

Prevention of Tuberculosis. By Arthur Newsholme. 

429 pages. Illustrated. Methuen .. 10s.Gd.net 
A thorough study of the whole subject, with 
good bibliography. Its three parts deal respec- 
tively with the causation of tuberculosis; the 
means by which the mortality from this disease 
has already been reduced ; and future preven- 
tive measures for the reduction and annihila- 
tion of tuberculosis. 

Drugs and the Drug Habit. By H. Sainsbury. 307 

pages. Illustrated. Methuen .. 7s.Gd.net 
An eminent London physician discourses of 
drugs in their normal or medical use, and again 
in their habitual abuse by victims of unhealthy 
habits. Interesting and readable for those 
whom the subject attracts, and especially 
valuable to medical students. 

Infancy. By T. N. Kelynack. 18G pages. Cullcy. Is. 
A practical little handbook, by a well-known 
physician, giving advice to mothers and to 
those who are in charge of such institutions as 
school for mothers, creches, milk depots, etc. 
A brief statement of the law. Or (dating to infant 
life and of the action of municipal bodies is 
included. The whole is in clear and simple 
language. A classified bibliography is given. 

Common-Sense Dietetics. By C. L. Leipoldt. Williams 
and Norgate . . . . . . . . 2s. Gd. net 

An excellent manual on the? principles of diet, 
which may he recommended to the gourmet, the 
valetudinarian, the housekeeper, and the cook. 
The Dawn of the Health Age. By Benjamin Moore, 
M.A., D.Sc. J. and A. Churchill . . 3s. Gd. net 

An admirable and convincing volume, intended 
to demonstrate the necessity for entirely 
remodelling the present system of medical 
service in the interests of the whole community. 
Tlie author pleads eloquently for the establish- 
ment of a national medical service, which, he 
maintains, is the only satisfactory service for 
rich and poor alike, both being attacked equally 
by one set of disease agents. 

Public Health Problems. By John F. Sykes. 370 

pages. Illustrated. Scott . . . . 3s. Gd. 

A comprehensive survey of the field of public 
health, tracing external and internal influences 
on health, the varieties of communicable disease, 
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and the defensive measures which ought to be 
enforced against such diseases, with an examina- 
tion of the conditions of healthy dwelling- 
houses, in site construction and surroundings. 
Yellow-Fever and Its Prevention. By Sir Hubert W. , 
Boyce. Illustrated. John Murray. . . 10s.6d.net 
This practical manual is a summary of the 
author’s experiences and investigations on 
yellow fever in New Orleans, Central and 
South America, the West Indies, and West 
Africa. The subject is treated historically, 
geographically, and clinically. It also contains 
chapters on treatment, pathology, diagnosis, 
and epidemiology. 

Mosquito or Man ? By Sir Hubert W. Boyce. Illus- 
trated. John Murray . . . . 10s. 6d. net 

A wonderful record of the progress of the cam- 
paign against the parasite. A story of the 
conquests of the tropical world for civilisation, 
bringing home to the reader the scientific and 
economic importance of the battle between man 
and the mosquito. Photographs illustrate 
several of the insects concerned in the propaga- 
tion of disease, and there are practical illustra- 
tions showing steps in the campaign which has 
opened up a new world to the white races. 
Dietetics. By Dr. Alexander Bryce. Jock 6d. 

A careful resume of the principles underlying 
the question of nutrition. The author defines 
food and its fundamental principles in relation 
to body-building. 

Hygiene of Nerves and Mind in Health and Disease. 
By August Forel. 343 pages. Murray 6s. net 
As a psychologist, especially in the fields of 
instinct and hypnotism, Professor Forel has a 
world-wide reputation. His position as director 
of a Swiss asylum has given him abundant 
opportunities for the investigation of mental 
disease. The results are seen in this work. Dr. 
Forel holds that hygienic rules whose grounds 
are not understood may easily do harm. Here 
he tries to give such a conception of popular 
hygiene as will enable an intelligent layman, 
with a fair education, to govern his life so as 
to avoid diseases as far as possible for himself, 
his fellow-men, and his offspring. 

Food and the Principles of Dietetics. By Robert 
Hutchison. 635 pages. Illustrated. Arnold. 16s. 
Designed for students and doctors, but likely 
to be interesting to any person desiring to 
acquire some knowledge of foods, and the diffi- 
cult problems of nutrition. Patent and pro- 
prietary foods are examined and discussed on 
their merits, and certain dietetic cures and 
systems are criticised. Written on the whole in 
plain, simple English ; a work of authority. 

A Handbook of Physiology. By W. D. Halliburton. 

Illustrated. John Murray. . . . . 15s. net 

A student’s textbook of the very highest 
quality, by the Professor of Physiology at 
King’s College, London. The work has been 
tested by time, having run through ten editions, 
and its 700 illustrations, including coloured 
plates, give it a double value. 

Alcohol and the Human Body. By Sir Victor Horsley 
and Mary D. Sturge. 290 pages. Illustrated. 

Macmillan Is. net 

A w'onderful little hook, constituting an armoury 
of unchallengeable facts as to the effects of 
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alcohol on health. There is a chapter by Dr. 
Arthur Newsholme, Chief Medical Officer of the 
Local Government Board, dealing witli the 
influence of alcoholic beverages on the national 
health. A book for all who wish to know the 
real truth about alcohol. 

Tropical Diseases. By Sir Patrick Manson. 896 

pages. Illustrated. Cassell. • . , 12s. 6d. 

A manual of the diseases of warm climates, by 
the discoverer of the fact that some of the most 
dreadful maladies of tropical countries are com- 
municated by mosquitoes and other insects. 
Intended principally for travellers and settlers, 
but forms a handy survey of the whole field of 
tropical diseases. Shows how the w'hite races 
are at last obtaining control of the tropics. A 
magnificent chapter in the history of 
civilisation. 

A Manual of Pathology. By Sidney Martin. Illus- 
trated. John Murray. . . . . 15s. not 

A comprehensive survey of tho science of 
general pathology, illustrated with micro- 
photographs, which has been declared “ superior 
to any other work of the kind in the English 
language.” Intended for students. 

The Problem of Age, Growth, and Disease. By Charles 
Minot. 280 pages. Illustrated. Murray. 6s. net 
This book is based on lectures delivered at the 
Low' ell Institute in 1907. It traces life through 
all its stages, from its inception to its apparent 
individual disappearance. Dr. Minot belongs 
to the school of scientists wdio hold that an 
agnostic position is the only possible and 
defensible one for a man w'ho is loyal to the 
spirit of research ; but he does not give the 
grounds for taking up this position. The work 
is of great but controversial interest. For 
example, the author ventures on the most 
astonishing statement that “ few men after 
twenty-five are able to learn much.” 
Responsibility in Mental Disease. By Henry Mauds- 
ley. 313 pages. Kegan Paul . . 5s. 

Discusses how insane persons differ from sane 
persons j the insane temperament; kinship 
between madness and various diseases; the 
different forms of mental derangement; tho law 
in regard to insanity and the prevention of 
insanity. A standard work by a high authority 
on the subject, w r ho possesses a clear and telling 
way of writing. 

Bacteriology and the Public Health. By Sir George 
Newman. 497 pages. Ulus. Murray. 21s. net 
Dr. Newunan, the Chief Medical Officer of the 
Board of Education, here w rites with the object 
of sup] dying what is necessary for the student 
of hygiene and the officer of health to know 
concerning every-day problems of sanitation 
and preventive medicine. A most valuable hook 
The Control of a Scourge. By Charles P. Chflde 

299 pages. Methuen 7s. 6d. net 

A work on tho cure of cancer. States that a 
revolution has been in progress during the last 
quarter of a century in the treatment of cancer, 
and that this terrible disease is now curable by 
surgical operation. Has chapters on the pre- 
vention of cancer, and against quack remedies. 
Milk and the Public Health. By W. G. Savage. 594 
pages. Illustrated. Macmillan . . 10s. net 

An attempt to measure and assess the dangers 
of milk, and show' how' they can either be 
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removed l *or diminished. Deals with bacteri- 
ology of milk and human disease ; the examina- 
tion of milk, and public health control of the 
milk supply ; education of the milk trade by the 
rejection of dirty milk ; and the necessity for 
continual bacteriological examinations, because 
nothing can take their place. 

The Prevention 0 / Malaria. By Sir Ronald Ross. 

Illustrated. John Murray .. .. 21s.net 

Major Ross and his colleagues in the medical 
school of tropical medicine have here given tho 
world a book splendidly worthy of their high 
reputation. There are contributions by twenty 
notable experts in malarial fever, and the hook 
is perhaps the most complete exposition of the 
subject in the English language. 

School Hygiene : the Laws of Health in Relation to 

School Life. By Arthur Newsholme and W. C. G. 

Pakes. 310 pages. Illustrated. Allen. . . 3s. 

Intended for teachers, school managers, and 
other persons interested in the health of school 
children. Deals with the site and surround- 
ings, lighting and ventilating of schools, the 
diet, dress, physical education of scholars, and 
has valuable chapters for the guidance of head- 
teachers on communicable diseases. 

The Bacteriology of Milk. By Harold Swithinbank 

and Sir George Newman, lllus. Murray. 25s. net 
Sir George Newman is Chief Medical Officer of 
the Board of Education, and has special chapters 
on the spread of disease by milk, and* the 
control of tho milk supply. There is no better 
textbook for students of the science of public 
health, and this book should he part of the 
stock-in-trade of dairyman and medical officer. 
A work of national value. 

Infection and Immunity. By George M. Sternberg. 

293 pages. Murray . . . . . . (5s. net 

An attempt to study the main facts with refer- 
ence to infection and immunity, with the 
practical object of indicating the measures 
necessary for the prevention of infectious 
diseases. The work is intended for non- 
medical readers, and technical terms are r as 
far as possible, avoided. Dr. Sternberg con- 
fines himself to what he regards as well- 
established facts, and does not enter upon ques- 
tions raised by such remedies as “ antitoxins ” 
and German chemical specifics. 

Diet in Relation to Age and Activity, with Hints 

Cnocerning Habits Conducive to Longevity. By 

Sir Henry Thompson. 134 pages. Warne 2s. net 
Recommendations and advice on diet and habits, 
by a famous physician of very large experience 
and extensive practice. Simplicity in diet; 
water as a true food ; exercise ; system of meals ; 
alcoholic liquors ; dispensing with hats ; the air 
bath; the cause of chronic disease in advancing 
years, are all discussed. 

Food and Feeding. By Sir Henry Thompson. 

320 pages. Warn© 3s. 6u. net 

No popular doctor has understood more com- 
pletely than Sir Henry Thompson tho part 
played by food in producing ill-health. Indeed, 
he was an expert in appreciation of the 
ingredients of a complete yet modest dinner. 
Here he puts his scientific knowledge into a 
popular handbook. 


Functional Nerve Diseases. By A. T. Schofield. 

324 pages. Methuen 7s. (id. net 

Deals with the nervous disorders that are 
“ sweeping over civilised society like a plague.’ 1 
Attributes them to the perpetual hustle and 
competition of modern life, and regards them 
as mental phenomena rather than physical. 
Seeing that the mind takes a large share in the 
causation of many of these nerve diseases, the 
author argues that the mind should play a con- 
siderable part in their cure. 

The Care of the Body. By F. Cavanagh. 292 pages. 

Methuen 7s. Gd. net. 

A discussion of the general principles and daily 
practice of health. Deals with length and con- 
ditions of sleep, cold and warm baths, exercise, 
fatigue and massage, the clothing, skin, hair, 
teeth, eyesight, and habits. A clearly written 
hook on common-sense ways of life. 

For and Against Experiments on Animals. By Stephen 
Paget. With an Introduction by Lord Cromer. 344 
pages. Illustrated. Lewis . . . . 3s. (5d. net 

Gives a clear account of tho chief results 
obtained, during the past thirty years, by the 
help of experiments on animals, stated, as far 
as possible, in the very words of the men who 
did the work. Considers the anti-vivisection 
evidence, describes the anaesthetics used on 
animals, and cites the report of inspectors and 
tho report of the Royal Commission. 

The Conquest of Consumption. By A. Latham and 
C. H. Garland. 159 pages. Fisher Unwin Is. net. 
A resume of the knowledge we have of the 
cause and prevention of consumption, with a 
sketch of a national scheme for preventing the 
spread of the malady ami providing anti- 
tuberculosis dispensaries. The only adequate 
remedy for consumption, in the view of the 
authors, is efficient sanitorium treatment. 

THOUGHT 

Embracing Philosophy and its History, 
Political Economy, Nature, Religion, 
Sociology, Ethics. 

See also under Man for Psychology. 

English Philosophy. By Thomas M. Forsyth. 231 

pages. Black . . . . . . 4s. Od. 

An outline of the development of English 
philosophy from Bacon to tho present day, 
illustrating how advance in method and in 
results have accompanied and conditioned each 
other. The author finds the nature of the 
development in a progressive employment of tho 
traditional English method, known distinctly as 
the “ method of experience.” 

The Springs of Conduct. By C. Lloyd Morgan. 317 

pages. Kogan Paul . . . . . . 3s. (5d. 

An essay in the evolution of ethics, by the well- 
known writer on animal intelligence. Ex- 
tremely fresh and vigorous. All works on 
ethics are curiously remote from actuality, and 
this one is no exception to the rule; but it is 
far from being as bad as most. 

Humanism. By F. C. S. Schiller. 414 pages. 
Macmillan . . . . . . • • 10- s * net 

A volume of philosophical essays on the very 
short-lived theory of “pragmatism,” which 
owed its origin, in about equal proportions, to 
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Mr. Schiller and the Late Professor William 
James. In general, the idea of pragmatism 
may be given in the following formula : A 
judgment is true in proportion as it works. 
In other words, the final test of truth is practice. 
Personality By A. W. Momerie. 134 pages- 
Blackwood . . . . . . . . 3s. 

This brief essay has had more influence in the 
history of thought than many great volumes. 
Jt is the brilliant reassertion of free will as 
against the materialists and determinists. 
Essays. By Montaigne. 3 vols. Dent. Is. net per vol. 
The first expression in literature of the modern 
spirit, these essays should be known by every- 
one. This is that beautiful translation by the 
sixteen century John Elorio. 

Problems of Philosophy. By Hon. Bertrand Russell. 

250 pages. Williams and Norgate .. Is. not 

An able little work, dealing rather with con- 
struction than with criticism. A good intro- 
duction to the main problems of knowledge and 
reality, but only of academic interest. 

The Science of Life. By J. Arthur Thomson. 246 

pages. Blockic 2s. 6d. 

A short historical sketch of the evolution of the 
science of biology, especially in Darwinian and 
post-Darwinian days, showing how this science 
lias, from insignificance, attained to a position 
which is central among the sciences, and of very 
great influence even upon the art of life itself. 
Introduction to Science. By J. Arthur Thomson- 

251 pages. Williams and Norgate .. ls.net 

Dr. Thomson, Professor of Natural History in 
Aberdeen, a profound and wide thinker, hero 
deals with the scientific mood, the aim of 
science, scientific method, classification of the 
sciences, science and philosophy, scicnco and 
art, science and religion, and tho utility of 
science. A wonderfully suggestive book. 
Foundations of Science. By W. C. D. Whetham. 

93 pages. Jack . . . . . . Oil. 

A good general introduction, suitable for tho 
adolescent mind, dealing in order with the 
classification of knowledge; physical science; 
biological science ; and psychological science. 
The author’s method is largely historical. 
Theosophy. By Mrs. Besant. 94 pages. Jack. 6d. 
Tho loader of theosophical thought at the 
present day hero defines the ideas and aims of 
this teaching. She discusses theosophy as a 
science, as morality and art, as philosophy, as 
religion. She shows the manner in which 
theosophists would deal with social problems, 
and gives an account of tbe Theosophical 
Society and its aims. 

The Varieties of Religious Experience. By William 
James. 546 pages. Longmans . . 12s. net 

A republication of tho Gifford Lectures for 
1901-1902. The distinguished American psycholo- 
gist deals scientifically and historically with the 
question of conversion, and shows that we 
must take the recorded facts into serious 
account in studying changes in human character 
and conduct. 

Progress and Poverty. By Henry George. Kegan 

raul Is. 

An exposition of the single-tax theory on land, 
for the relief of industry. The author would tax 
land up to its full economic value, apart from 
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improvement. The hook is not an exjtbsition of 
Socialism as is generally supposed, but a 
proposal for a new form of taxation, consistent 
with individualism. 

Degeneration. By Max Nordau. Heincraaim. 2s. fid. 
The best known book of the modern Jeremiah, 
who prophesies doom for tbe human race, seeing 
in it, physically, mentally, ?md psychically, 
signs of rapid deterioration. Critics think they 
observe in Xordau’s own writings the excite- 
ment and hysteria he so copiously laments. 

The Psychology of Childhood. By Frederick Tracy. 

186 pages. Harrap .. .. .. 2s. fid . 

What are the most important characteristics 
of tho unfolding of a child’s mental life? How 
far is it conditioned by heredity, and how far 
by education? What are tbe outstanding 
features of the process by which the mind comes 
into conscious possession of itself? These are 
questions answered in this hook, under the 
headings of the senses, intellect, feelings, will, 
language 1 , icsthetie, moral, and religious ideas. 

The Herbartian Psychology applied to Education. By 

John Adams. 284 pages. Harrap . . 3s. fid. 

Essays written with a llerhartian bias, by a 
professive who is not a Herbartian, but who 
finds Ilerbart’s system host suited to explain 
educational facts. The author is a confirmed 
humourist, and as ready to use bis humour 
against Jlerbart as against any other exponent 
of a big-worded psychology. A suggestive talk 
in a rambling way, chiefly destructive, because 
the author is cynically tired of the philo- 
sophical haze which surrounds education. 

The Educational Ideal. By J. P. Munroe. 270 

pages. Heath .. .. .. .. 2s. fid. 

A historical study of the development of the 
educational ideal in modern times, dealing with 
Rabelais, Bacon, Montaigne, Locke, Rousseau, 
l’estalozzi, Eroehel, etc. A sound hook. 

Habit. By Paul Radestock. English translation by 

F. I’aspari. 128 pages. Harrap .. 2s. fid. 

The great German educationist deals here with 
the importance of habit in education. It is a 
psychological study of great learning and equal 
simplicity, pointing out not only the moral and 
intellectual advantages of habit, hut. also, as 
is rarely done, the disadvantages of extreme 
habituation. 

Leonard and Gertrude. By Pestalozzi. Translated by 

Eva Chan ning. 181 pages. Jlarrap.. 3s. fid. 

An interesting condensation of Pestalnzzi’s un- 
wieldy and rambling but reulistu tale with an 
educational moral. It makes readable a hook 
much talked of, hut little read. 

Conservatism. By Lord Hugh Cecil. 252 pages. 

Williams and Norgate . . .. .. ls.net 

Beginning with the general conservatism which 
is natural to the human mind, the author deals 
with the history of Conservatism, and in Part 
IT. with certain special aspects of the subject, 
e.g., religion and politics; property and taxa- 
tion ; the State and tho individual. An able 
and interesting work. 

The Socialist Movement. By J. Ramsay MacDonald. 

256 pages. Williams and Norgate . . Is. net 
In this hook Mr. Ramsay MacDonald, the very 
capable leader of the Labour Party in 
the House of Commons, sets out to state clearly 
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and authoritatively what Socialism means, and 
w hat its ^purpose is. and to distingush it from 
the many irrelevant theories with which it is 
often credited. The book contains a valuable 
classified bibliography. 

Liberalism. By L. T. Hobhouse. 25 1 pages. 

Williams and Norgate . . .. .. ls.net 

An able and, in the best sense of the word, 
philosophical stufty of Liberalism and tin? differ- 
ent modes which it has assumed. Professor 
Hobhouse regards Liberalism principally as the 
political theory of progress. 

The School. By J. J. Findlay. 25(i pages. Williams 
andNorgate .. .. .. .. Is.net 

The sub-title is “an introduction to the study 
of education. ” The book gives a succinct sur- 
vey of the rise and development of educational 
institutions, and their modern organisation ; the 
position of the teacher; the true aims of the 
schools, and their efforts to promote a corporate 
school life. Comprehensive and ably written. 
The Will to Believe, and other Essays. By William 
James. 349 pages. Longmans . . 7s. (id. 

Popular addresses by Professor James seeking a 
philosophical basis for religious belief. 

Descartes : The Method, Meditations, and Selections 
from His Principles. By Professor J. Veitch. 473 
pages. Blackwood . . . . . . (is. (id. 

The best introduction to the thought of 
Descartes. Informative, explanatory, critical. 
An Examination of Sir William Hamilton’s Philosophy. 

By John Stuart Mill. (519 pages. Longmans. His. 
A slashing onslaught on Hamilton’s Philosophy, 
published in 1855. Mill took up Hamilton’s 
works to review' them, blit after reading them 
through three times determined that he must 
controvert them, as representing the intuition 
theory. A battle of the hooks followed ; but 
tin? conflict is now over, as modern antagonists 
take up other grounds of attack and defence 
when mental mechanics are insisted on. 
Berkeley. By A. C. Fraser. 242 pages. Portrait 
Blackwood .. .. .. .. ls.net 

An admirable summary account, in Blackwood’s 
Philosophical C ’lassies, by Professor Fraser, of 
Berkeley, the man and his thought. The effects 
of the philosopher’s writings are traced through 
later thinkers with enthusiastic appreciation. 
Descartes. By J. P. Mahaffy. 217 pages. Black- 
wood . . . . . . . . . . Is. nut 

An excellent general introduction to Descartes, 
his method, thought, and even mathematics. 
Hamilton. By John Veitch. 274 pages. Black 
wood . . , . . . . . . . Is. net 

A summary of Sir William Hamilton’s Philoso- 
phy, sufficiently full for all who are not making 
a special study of it to understand the bearings 
of Mill’s attack. 

Selections from Berkeley, annotated. By A. C. 
Fraser. 384 pages. Clarendon Press Os. 

Berkeley’s Philosophy is carefully discussed 
with copious illustrative extracts, and is used 
as an introduction to the philosophies of more 
recent times. 

Science, Matter, and Immortality. By R. C. Macfle. 

300 pages. Williams and Norgate . . 5s. net 

This books presents the discoveries, the 
mysteries, and the limitations of modern 
science, show-ing the possibilities of idealistic 


improvement of the race which lio in its track, 
but also its need of continual open-mindedness, 
because of its necessarily limited scope. The 
author, however, has a high idea of the elevat- 
ing in II u once which the permeation of scientific 
ideas is likely to have on the history of mail. 

A Biographical History of Philosophy. By G. H. 
Lewes. (580 pages. Rout ledge . . 3s. (3d. 

A popular, almost chatty, account of the most 
prominent philosophers and philosophies from 
the earliest times to Kant. The most easily 
read book of its kind, but badly needs revision, 
some revaluations, extension up to date, and, 
above all, an index — the absence of which is 
unpardonable in such a work. 

The Spiritual Interpretation of Nature. By J. Y. 
Simpson. 389 pages. Hodder and Stoughton, (is. net 
A conscientious attempt to bring together into 
some kind of harmony the beliefs of the 
religious consciousness with the conclusions of 
modern science. 

Man’s Origin, Destiny, and Duty. By Hugh MacColl- 

201 pages. Williams and Norgate .. 4 h. (id. not 

Ail attempt to prove that the soul and the body 
are different entities; that the soul will survive 
the body by successive transformations, and will 
gradually develop upw ards ; that the psychic 
universe contains numberless ascending orders 
of intelligent beings above the human, though 
they are imperceptible to man’s senses; and 
that the whole creation is maintained and 
directed by one infinitely powerful and intelli- 
gent being. The execution of the work is much 
less comprehensive than its aim. 

Henri Bergson. By H. Wildon Carr. 92 pages. 
Jack .. .. .. .. .. (id. 

This introductory sketch aims only at giving 
a general survey of the scope and method of 
the groat French philosopher of today. The 
sub-title, “The Philosophy of Change,” was 
chosen by M. Bergson himself, who read the 
proofs of the book ; and the pL^osopher’s teach- 
ing is considered under the following heads: 
philosophy and life; intellect and matter; 
instinct and intelligence; intuition; freedom; 
mind and body; creative evolution. 

Life’s Basis and Life’s Ideal. By Rudolf Eucken. 
English translation by A. (1. Widgery. 399 pages. 
Black . . . . . . . . . . 7s. (id. not 

In this work Professor Eucken discusses tlio 
leading principle's of his philosophy, and its 
application to the different spheres of life. By 
a careful analysis of extant conceptions of life, 
and hv ail “inner” criticism of these, the 
author shows their inadequacy, the necessity 
for a new conception, and tin* direction in which 
lie would have men seek for this. 

The Life of the Spirit. By R. Eucken. 340 pages. 

Williams and Norgate . . . . . . 4 h. (3d. net 

An introduction to philosophy by a German 
professor of that subject, whoso w r ork has 
aroused mueli attention in Britain. Broad- 
minded, popular, stimulating. 

The Nature of Man. By E. MetchnikofT. 309 pages. 

Illustrated. Heinemann .. .. (3s.net 

This English translation of tho “studies in 
optimistic philosophy,” by the great Parisian 
pathologist, is of great interest. The author 
describes first an extraordinary collection of 
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“ disharmonies in the nature of man ” ; 
then deals with religious and philosophical 
systems designed to diminish these; and, 
thirdly, with triumphant science. Very able. 
Psychical Research. By Sir W. F. Barrett. 246 
pages. Williams and Norgate . . Is. net 

This work, by a recent Professor of Physics in 
the Royal College of Science for Ireland, treats 
of unconscious muscular action, thought-read- 
ing, thought-transference, hypnotism and sug- 
gestion, telepathy, phantasms of the living and 
dead, dreams and crystal-visions, spiritualism, 
survival after death, etc. A fascinating little 
book. Bibliography. 

Psychology. By William MeDougall. 251 pages. 

Williams and Norgate . . . . Is. net 

Mr. MeDougall, Reader in Mental Philosophy 
at Oxford, has written also valuable essays on 
‘‘Body and Mind,” and on ‘‘Social Psycho- 
logy.” Regarding psychology as the “study 
of behaviour,” ho hero attempts to answer the 
question : “ What may we hope from psychology 
in the way of contributing to the welfare of 
mankind y” Suggestive and very modern. 

The Meaning of the Value of Life. By Rudolf Eucken. 
English translation by L. G. Gibson and W. R. B. 
Gibson. 1*55 pages. Black . . . . 3s. 6d. 

The philosophical works of Eucken have pene- 
trated into many countries, and been translated 
into many languages. In this hook the author 
attempts to build up a broad, idealistic philo- 
sophy of life consistent with modern thought. 
Man's Place in Nature. By T. H. Huxley. Cheap 
editions. 

With an introduction by Sir Oliver Lodge, this 
volume contains many other essays besides that 
which gives its title; o.g., the relation of man 
to the lower animals; the present condition of 
organic nature; the educational value of the 
natural history sciences, etc. 

An Introduction to Psychology, more especially for 
Teachers. By Thomas Loveday and J. A. Green. 
272 pages. Clarendon Press . . . . 3s. 6d. net 

A simple introduction to psychology, in which 
the Professor of Philosophy and the Professor of 
Education at Sheffield University have col la I. or- 
ated. The hook is written for use by students 
in training colleges, and is wisely confined to the 
plainer elements of the subject, evading more 
advanced philosophical problems. 

Human Personality, and its Survival of Bodily Death. 
By Frederic W. H. Myers. Abridged by his son. 
470 pages. Longmans . . . . 10s. Gd. net 

An admirable abridgement of one of the most 
remarkable books of recent times, which the 
author described modestly as an “ imperfect 
textbook to a branch of resea rch whose novelty 
and strangeness call urgently for provisional 
systematisation. ’ ’ The evidences Myers accumu- 
lated were to him “signals glimmering out of 
night to tell man of his inmost nature and his 
endless fate.” 

The Ascent of Man. By Henry Drummond. 444 

pages. Hodder and Stoughton . . 3s. Gd. net 

An application of the law of evolution to the 
growing refinement and elevation of mankind, 
first, through the unselfishness of maternity, 
and then through the love of others. A beautiful 
idea exquisitely worked out. 


Psychology. By William James. 491 pages. Mac- 
millan . . . . . . . . . . • 7s. net 

A condensation of Professor James’s larger book 
on the “ Principles of Psychology,” designed 
for use by students, and made more illustrative 
and less metaphysical than the larger book. 
Time and Free Will. By Henri Bergson. English 
translation. 252 pages. George Allen. 10s. 6d. not 
This “ essay on the immediate data of con- 
sciousness,” by the eminent professor at tlio 
College of France, contains some of his most 
characteristic work. Especially it shows how 
lamentably in bondage wo are, # in all our 
thought, to analogies drawn from space and 
extension. Bergson asks here whether “ the 
insurmountable difficulties presented, by certain 
philosophical problems do not arise from our 
placing, side by side in space, phenomena which 
do not occupy space.” 

Matter and Memory. By Henri Bergson. George 
Allen . . . . . . . . . . 10s. 6d. net 

An essay, of great suggostiveness, on the 
relation between body and mind, wherein this 
limited question leads to all the greatest 
problems of metaphysics. Whatever may bo 
thought of his peculiar conclusions, no one now 
doubts that Bergson stands quite apart from, 
and far above, all contemporary philosophers. 
His mind lias the profundity of the Hebrew and 
the clarity of the Frenchman. And this book 
is so modern and sincere that many a beginner 
will find it easier to understand than the most 
elementary textbook of the subject. 

On Compromise. By Lord Morley. 284 pages. 
Macmillan . . . . . . . . 4s. net 

No one ever realises how uncompromising the 
human spirit can he until he has read Viscount 
Morley trying to make out a case for com- 
promise. An able and celebrated essay. 

Types of Ethical Theory. By James Martineau. Two 
vols. Clarendon Press . . . . 14s. net 

A complete review of ethical theories from 
ancient Greek thought to the present day, bj 
the well-known Unitarian professor. 

The Feeling for Nature. By Alfred Biese. 376 
pages. Rout ledge .. .. .. 6s. 

Tne only hook on a profoundly interesting sub- 
ject. This “ Development of the Feeling for 
Nature in the Middle Ages and Modern Times 
is by the author of a similar work on the “ Feel- 
ing for Nature among the Greeks and 
Romans,” illustrated by very copious citations 
from European literature, and dealing also with 
landscape painting. 

Greek Thinkers. By Theodor Gomperz. Four vols. 

Murray . . . . . . . . . . 14s. each 

A well executed English translation of the work 
of the great Vienneso professor. It is a com- 
plete history of ancient philosophy; learned, 
readable, profoundly interesting. 

Essays on Educational Reformers. By Robert H. 

Quick. 588 pages. Longmans . . 3s. fid. 

An exceedingly vivacious book, which brought 
life into the study of the history of education. 
The writer, who knew German well, begins with 
Storm, and ends with Herbert Spencer. 
Educational theory is strung on a biographical 
narrative. Quick, who was himself a teacher, 
wrote with unflagging spirit. 
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Natural Philosophy. By Wilhelm Ostwald. Williams 
and Norgate . . . . . . . . 4s. net 

This book, by a Leipsic professor of chemistry, 
well translated into English, is an able and 
philosophical study of science and the universe. 
Pestalozzi : His Life and Work. By Roger de Guimps. 
448 pages. George Allen . . . . (is. 

The standard book on Pestalozzi. Tt is trans- 
lated by J. HuSsell, and has an introduction 
by tt. H. Quick. 

The Great Didactic. By John A. Comenius. Trans- 
lated and edited by M. W. Keatingc. 819 pages. 
Black . . . . . . . . . . 7s. (id. 

The fullest translation of the first considerable 
hook of educational methods published after 
classical times. 

Leviathan. By Thomas Hobbes. Rout ledge. Is. 
The book which underlies all modern discussions 
of the principles of public government. The 
State is depicted as Leviathan, and all-powerful. 
But Hobbes goes on to concentrate the powers 
of the Stato in the Sovereign, who, as the 
representative of all, is endowed with supreme 
powers over public policy, civil and religious. 
The book led thinkers — notably Locke— to lay 
down the logical bases of civil liberty. 

The Social Contract. By Jean Jacques Rousseau. 

251 pages. George Allen .. .. 2 h. Gd. 

The most accessible English edition of an epoch- 
making book, with a useful introduction and 
explanatory notes bv the translator, IF. J. 
Tozer. Rousseau argues in the book, that 
government depends upon a social contract 
whereby the individual surrenders some of bis 
individuality for assured protection by the 
State. Hobbes bad advanced a similar argu- 
ment, but emphasised the individual’s sur- 
render, while Rousseau emphasises the State’s 
obligations to the individual. 

Froebel and Education by Self-Activity. By H. C. 
Bowen. Ilcinenmnn . . 5s. 

A careful presentation of the essential principles 
of Eroebcl’s system of teaching young children. 
The Duties of Man. By Joseph Mazzini. Cheap 
editions. 

Mazzini in this book enforces the central idea 
of liis political creed — that men go astray in 
making their rights the chief concern of their 
public lives. Having obtained liberty, they 
should initiate a constructive policy with duty 
as tho watchword, and should not make enjoy- 
ment of their gains their aim, but the building 
up of a worthier public and personal character. 
Essay on Human Understanding. By John Locke. 

Houtledgc . . . . . . . . 3s. fid. 

The masterpiece of John Locke, the English 
philosopher, who, before Herbert Spencer, had 
a greater influence on Continental thought than 
any other English writer. It denies tho 
doctrine of innato ideas, and argues that know- 
ledge must bo a gradual growth based on 
experience. All ideas may be referred back to 
tho senses, or to reflection by the mind on the 
materials gathered by the senses. 

Utopia. By Sir Thomas More. Cheap editions. 
A picture of an ideal Commonwealth, in which 
every citizen contributes to the general store 
of the community according to his ability, and 
receives from the State according to his wants. 


Money is abolished, and wraith consists entirely 
of things. The intellectual, moral, and religious 
features of tho State as well the material con- 
ditions are described. 

On Civil Government. By John Locke. 245 pages. 

Kentledge . . . . . . . . Is. 

This edition includes Sir Robert Fullmer’s 
“ Patriarchal,” the book which led Locko to 
discuss the true bases of civil government, and 
define the political philosophy of tho Whig 
Party for the next century. 

Education : Intellectual, Moral, and Physical. By 
Herbert Spencer. 180 pp. Williams and Norgate. 2s. 0d. 
Perhaps the mostly widely road hook on educa- 
tion ever written, and one of tho most sugges- 
tive. It overturns once for all tho inherited 
idea of a purely bookish and literary education, 
and shows how wide is the true educational 
ideal. Readers of Spencer’s “ Autobiography ” 
will observe how largely his comments on 
education spring from his own experience. 

The Early Education of Children. By Laura L. 

Plaisted. 398 pp. Ulus, Clarendon Press. 4s. Gd. 
A very practical manual of teaching for infant 
schools, with an excellent admixture of theory 
and method. l)r. Ormerod, the School Medical 
Oflicer for Oxford, contributes a very useful 
chapter as an appendix on tho medical 
responsibilities of the school teacher in early 
detection of common diseases, attention to small 
injuries, and to habits that promote health. 

The City of the Sun. By Thomas Campanella. 40 
pages. Rout ledge .. .. .. Is. 

In this Italian outline of a fanciful State, the 
place is pictured as being “ immediately under 
the equator,” hut where is not indicated. Tho 
writing is largely symbolical, or allegorical, and 
has not the air of reality of More’s “ Utopia.” 
The Prince. By Machiavelli. (’heap edit ions. 

A work of considerable political and historical 
interest, which has given to Machiavelli so 
sinister a reputation. The reader who remem- 
bers the period and country of the author will 
find that evil reputation undeserved. 

Reflections on the French Revolution. By Edmund 
Burke. Cheap edit ions. 

An eloquent and profound expression of all 
that is host in (’onservatism. Famous for its 
majestic English, and for its scathing denuncia- 
tion of the crimes and follies of the Revolution. 
But it should be remembered, while reading 
it, that there are two sides to tho question. 
New Atlantis. By Francis Bacon, (’heap editions. 
This sketch of an Utopian commonwealth, 
imitated from More’s “ Utopia,” was written in 
Latin, and was published after Bacon’s death. 
The Now Atlantis is, in position, a forecast of 
Australia ; and the book is a glorification of 
science in improving the condition of mankind. 
Emile ; or. Education. By J. J. Rousseau. Cheap 
editions. 

A work which had an enormous effect on 
European thought, and social and political life, 
as well as on education. 

Land Nationalisation. By Harold Cox. 238 pages. 

Methuen . . . . . . . . 3s. Gd. net 

This little treatise, by an eminent individualist, 
is an argument against land nationalisa- 
tion and land taxation, on tho grounds — (1) of 
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the ineffectiveness of such methods for the pur- 
poses desired; (2) of their injustice; (3) of diffi- 
culties in practical application. Methods of 
reform on an individualist line are suggested. 
The Great Illusion. By Norman Angell. 331 pages. 

Hcinemann . . . . . . . . 2s. (id. net 

One of the most widely read books of the 
present day. A study of war between civilised 
nations from the economic aspect, showing that 
it must be uneconomic in its effects, and damage 
the victors more than it can advantage them. 
Education ; Areopagitica ; The Commonwealth. 

By John Milton. 292 pages. Ilarrap. 2s. (id. 
A reprint of three statesmanlike works by the 
great Puritan poet, containing also biography, 
introduction, and notes. The “ Areopagitica ” 
especially, which is the charter of the freedom 
of the Press, should be in the hands of every 
young man and woman. 

The Development of the State. By J. Q. Dealey. 

344 pages. Harrap . . . . . . 3s. (id. net 

A succinct and able summary of the essential 
principles that underlie the sound development 
of a State, showing how they are largely deter- 
mined by the conditions of economic; and intel- 
lectual life. Economic, executive, judicial, 
and legislative powers are discussed. 

The Greek View of Life. By G. Lowes Dickinson. 

248 pages. Methuen . . . . 2s. (id. net 

This work, by a Cambridge scholar, has gone 
through eight editions. It treats witli great 
insight of the Greek views of religion, of tho 
State, of the individual, and of art, with appro- 
priate quotations from classic writers. 

Social Psychology. By William McDougall. 389 
pages. Methuen . . . . . . 5s. net 

The author lit' re traces tho working of instinct 
in tho social life of man. Instinct, he affirms, 
is a mental process, and involves knowing and 
feeling as well as doing. The principal instincts 
are examined, and their social results indicated. 
Self-consciousness, moral judgments, volition, 
imitation, play and habit are defined, and their 
social effects also traced. 

The Psychic Factors of Civilisation. By Lester F. 

Ward. 309 pages. Ginn . . 8s. Od. net 

An evolutionary tracing of the age-long advance 
in psychic processes to a culmination in social 
action, in which society will attain a collective 
consciousness, find its soul, and establish socio- 
craey as a form of government. 

Aspects of Child Life and Education. By G. Stanley 
Hall. 320 pages. Ginn . . . . Os. Od. 

A series of reprinted educational papers on 
topics of popular and practical interest, chiefly 
from Dr. Hall’s “ Pedagogical Seminary.” 

Talks to Teachers on Psychology. By William 
James. 301 pages. Longmans . . 4s. Od. 

A plain exposition by one of the clearest and 
most original thinkers who lias ever attempted 
a scientific understanding of the operations of 
the mind, strengthened, as all James’s work 
was, by a great nobility of character. 
Conventional Lies of Our Civilisation. By Max 
Nordau. 340 pages. Hcinemann . . Os. 

Tracing the causes of his dismal pessimism, the 
author finds them in having to live in the midst 
of institutions which he regards as false. 
Religion, monarchy, aristocracy, politics, 
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economics, and marriage are alike t|?ated as 
insincerities that afford evidence of race 
degeneracy. The reader is taken, groaning, 
through the very depths of despair. 

The Spirit of Laws. By M. de Secondat, Baron de 
Montesquieu. Two vols. 816 pages. Boll. 7s. 
This translation, by T. Nugent, is tho only 
really adequate form in which ^one of the most 
influential hooks of the eighteenth century is 
accessible to English readers. Montesquieu was 
an ardent admirer of the constitutionalism 
developed in England, and helped to spread 
English ideals on the Continent. 

Fichte. By Robert Adamson. 222 pages. Blank- 
wood . . . . . . . . . . Is. net 

A very able summary of the salient features of 
Fichte’s philosophy, with an account of the 
philosopher. A difficult subject well handled. 
Aristotle’s Works. Translations by various writers. 
Psychology. By W. A. Hammond. Allen. 10s. 6d. 
De Sensu and De Memoria. By G. R. T. Ross. 
Cambridge University Press . . . . 9s. 

Nicomachean Ethics. By R. W. Browne. Bell. 5s. 
The Organon. By O. F. Owen. Two vols. Boll. 5«. 
Politics. By Benjamin Jowett. Clarendon Press. 3s. 6d. 
Rhetoric. By J. E. C. Welldon. Macmillan. 7s. 6d. 
Education. By John Burnet. Cambridge Univer- 
sity Press . . . . . . . . 2s. Od. 

Dictionary of Philosophy and Psychology. By 
J. M. Baldwin. 2798 pages. Macmillan. 1 10s. not 
The most complete general survey of the litera- 
ture of man’s study of the mind and of the 
subjects discussed in that literature. Inter- 
national in its scope and expression, and fully 
illustrated. A work of very high value, in- 
dispensable in any library of philosophy. 
Looking Backward. By Edward Bellamy. Cheap 
editions. 

A story of an ideal future social State, in 
America, into which a hypnotised sleeper wakes, 
when capital and labour have settled their 
accounts, and have come to an agreement that 
gives everybody the work and reward suitable 
for him. This communistic city looks hack on 
our age of competition and warring interests 
as on days of savagery. 

Hegel. By Edward Caird. 232 pp. Blackwood. Is. 
The best popular sketch ol‘ Hegel’s life, and 
summary of his philosophy, by a writer who 
has a sympathetic understanding of his subject. 
The book is, of course, only an outlined intro- 
duction to a subject of. remarkable complexity. 

Heroes and Hero-Worship. By Thomas Carlyle. 

Cheap editions. 

A development, through a dozen illustrations of 
puissant personalities, of one of Carlyle’s 
favourite thoughts — that all virile movements 
depend on the initiative of great men. The hero 
is depicted as divinity in mythological times, 
and later under the types of prophet, poet, 
piiest, man of letters, and king. Carlyle oven 
boldly uses so poor a hero as Rousseau! 

Plato. By Clifton W. Collins. Blackwood. Is. net 
A charmingly written general sketch of Plato 
and his works, with plentiful selections from 
the best translations, made with sound judg- 
ment. One of the best examples of summary 
writing on a classical theme. 
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The ProWem of Truth. By H. Wildon Carr. 93 

pages. Jack 6d. 

Tho author holds that the problem he is dis- 
cussing centres round the doctrine of prag- 
matism, which began to challenge the general 
principles of philosophy a few years ago. His 
object is to make clear the nature of the 
problem, and ttye character of the conflicting 
theories. His own solution lies along the lint's 
of tho conception of life introduced by Bergson. 
The book is a very able and clear statement of 
difficulties that divide serious thinkers into two 
or more camps. 

Sartor Resartus. By Thomas Carlyle. Cheap edit ions. 
The book which contains the very kernel of the 
Carlylean gospel of the ineradicable in- 
dividuality of man in the face of all Nature’s 
forces and mysteries, and the need for utterest 
sincerity and truthfulness, and a hatred of pre- 
tences and subterfuges. Written in a literary 
dialect which Carlylo invented and alone could 
use without absurdity. 

Past and Present. By Thomas Carlyle. Cheap 
editions. 

The Present of Carlyle, as men see more and 
more clearly the farther they get away from it, 
was a hideous abortion, in so far as it was 
expressed in the word industrialism. Most men 
living in its midst did not see it truly. Carlyle 
did, but with a confused hopelessness as to the 
outcome. In “Past and Present” he went 
back, with a curiously tender sympathy, to 
mediiovalism for a contrast. With great 
expenditure of feeling, and fine literary 
picturesqueness, he does not evolve much that is 
practical, except his noble gospel of true work. 
Yet the book abounds with intellectual stimula- 
tion, and remains a social portent. 

The French Revolution. By Thomas Carlyle. Cheap 
editions. 

A presentation of the French Revolution in a 
series of episodes — flashlight pictures with Mira- 
heaii in the midst as hero. A hook with storm 
and energy fitting the scones which inaugurated 
the modern social world. Carlyle’s interpreta- 
tion of' the Revolution has been accepted in the 
main by the whole reading world. 

Latter-Day Pamphlets. By Thomas Carlyle. Cheap 
editions. 

Miscellaneous papers that represent Carlyle in 
his deepening mood of hopeless revolt against 
the evils of his day, with resentment against 
apparently ineffaceable evil customs, anti little 
trust in democratic remedies. Tho old man 
eloquent is becoming in these writings more 
gnarled in nature and conservative in spirit. 
Aristotle. By Sir A. Grant. Blackwood. is. net 
An excellent sketch for the general reader of 
the life and work of the great Greek 
systematise!’ of knowledge, written by one who 
made his subject a life-study, and is admitted 
to be an authority on it, as well as an attractive 
popular expositor. 

On Liberty. By John Stuart Mill. Longmans. 74 
pages . . . . . . . . . . Is. 4d. 

A philosophical examination of the rights of the 
individual in the State, and the degree of re- 
striction that is just and necessary. The most 
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carefully written and patiently thought out of 
all Mill’s writings. The trend of events since 
Mill’s day has been all in the direction of sinking 
individual claims in the wider claims of the 
State, a tendency which causes individualists to 
place a higher value on Mill’s arguments, as 
being more and more needed. 

The Philosophy of Common Sense. By Frederic 
Harrison. 470 pages. Macmillan .. 7s.Gd.net 
The book in which Mr. Frederic Harrison 
defends bis position with regard to Positivism, 
and shows the philosophical basis of the doctrines 
of Comte. Written with the author’s customary 
persuasiveness and graceful energy. 

Plato. Translations by Benjamin Jowett. Clarendon 
Press 

The best translations of Plato are by Jowett — 
the “ Four Socratic Dialogues,” 285 pages, 
costing 3s. (id. net; and “The Republic,” (ill) 
pages, 12s. Od., or in two volumes, uniform with 
the above, 7s. net. 

Rudolf Eucken. By Dr. Abel J. Jones. Jack Gd. 
An extremely able summary of the thought and 
aims of a philosopher who is attracting much 
attention, and who is evolving an ideal which is 
likely to be permanently helpful to mankind. 
The main purposes of Eueken’x best-known 
books are rapidly but clearly outlined by one 
who knows him as a man as well as a writer. 

The Map of Life. By William Edward Hartpole 
Lecky. 353 pages. Longmans . . 5s. not 

A thoughtful hook on conduct and character, 
discussing pleasantly questions of morals and 
happiness in life, and how both are affected by 
tin* rough-and-tumble of the world and by 
such things as money, marriage, and success. 

Kant’s Critical Philosophy for English Readers. By 
J. P. MahafTy and J. H. Bernard. Two vok G5H 

pages. Macmillan . . . . . . 13s. (Wl. 

A translation of Kant the “ Kritik ” and the 
“ Prolegomena ” -for advanced students who 
wish to really master the master. It contains 
an abundance of notes and much helpful 
explanatory information. 

The Elements of Ethics. By J. H. Muirhead. 310 

pages. Murray . . . . . . 3s. 

One of the clearest and most interesting of the 
books on ethics for the use of beginners, with the 
advantage of being quite up to date, and 
admirably co-ordinated with allied studies. 

A System of Logic. By John Stuart Mill. ' G3S pages. 
Longmans .. .. .. .. 3s. (id. 

One of the most useful and permanent of tho 
writings of Mill. For students rather than the 
general reader. Described by its author as “a 
connected view of the principles of evidence and 
of scientific investigation.” 

A Brief Introduction to Modern Philosophy. By 
Arthur K. Rogers. 309 pp. Macmillan. 5s. (kl. not 
The general introduction to philosophy which 
has the strongest sense of dealing with real 
things, and not with the jargon of the schools. 
Clear, and unencumbered with the overgrowths 
of philosophical verbiage. 

The Ethics of John Stuart Mill. Edited by Charles 
Douglas. 359 pages. Blackwood . . Gs. not 
The most usable edition of Mill’s ethical 
writings, accompanied by such comments and 
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introductions as will guide and stimulate the 
student. The editor holds that there is an 
inherent difficulty in reconciling individualism 
with an altruistic ethical theory, and that Mill’s 
writings bring out the points. 

An Essay on the Principle of Population. By T. B. 
Malthus. 666 pages. Ward Lock . . . . 6s. 

A very thoughtful work that has had a great 
effect on social economy. The argument by 
Malthus that subsistence will not increase pro- 
portionately to the natural increase of popula- 
tion, and will involve a check on that increase, 
has been much modified by scientific processes 
and a later experience. 

Ethics. By G.E. Moore. Williams and Norgato. ls.net 
As simple a discussion of the fundamental 
question of conduct as is possible in a brief and 
popular work. The main subjects under notice 
are utilitarianism, moral judgments, tests of 
right and wrong, free will, and intrinsic value. 
Mr. Moore has the power of giving an abstruse 
subject more tangibility than philosophers can 
usually suggest. 

Friedrich Nietzsche. By M. A. Mugge. Jock. Gd. 
An exceedingly sympathetic review of the life 
and work of the sad poet-philosopher. The bio- 
graphy, which is reasonably candid — admitting 
Nietzsche’s imperfect knowledge of life and of 
the biology on which much of his philosophy 
was based — runs to thirty pages. A most 
interesting account of a coruscating but untrust- 
worthy mind. 

Francis Bacon : His Life and Philosophy. - By 
John Nlchol. Two vols. Blackwood . . 2s. net 

A scholarly and popular exposition of Bacon’s 
philosophy and work, with an extended sketch of 
his life, suitable both for the general reader 
and for the student who wishes to place Bacon 
properly in the sequence of thinkers. 

Plato and Platonism. By Walter Pater. 286 pages. 

Maomillan 7s. Cd. net 

A scholarly presentation of Plato’s doctrines, 
and sketch of his personality, for students of 
philosophy, by a writer who is as great a master 
of English as of Greek. A notable book, alike 
because of its subject and on its own account. 

Principles of Political Economy. By John Stuart 
Mill. 611 pages. Longmans .. 3s. Gd, 

The book tnat is most generally accepted as the 
standard work on its subject. It builds on the 
foundations laid by Adam Smith, and in the 
main establishes what are now regarded as 
traditional beliefs, though its teachings are 
modified at various points by later students of 
subsequent economic experience. 

Outlines of the Philosophy of Aristotle. By Edwin 
Wallace. 141 pp. Cam. University Press. 4s. 6d. 
A collection of some of the most important and 
characteristic passages from the writings of 
Aristotle, with elucidatory comments and an 
essay on the main features of his philosophy. A 
useful work, on popular lines. 

Ethics. By the Rev. Hastings Rashdall. 06 pages. 

Jack .. .. , 6d. 

A repetition from memory in a summary form 
of the author’s larger treatise, “ The Theory of 
Good and Defining ethics as a study of 

the natur^iol morality, Dr. Rashdall discusses 
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the right, the good, and the pleasant ; the moral 
consciousness ; the moral criterion ; ancftnorality 
and religion, and leads up to the assertion that 
Christianity satisfies the conditions of the final, 
or perfect, religion as no other historical 
religions can. 

Aristotle. By A. E. Taylor. Jaok .. fid. 
A clever condensation of the ljfe and works of 
the great Greek systematiser of knowledge. 
After summarising the Aristotelian classifica- 
tion, Professor Taylor outlines the first philo- 
sophy of the great thinker, or the science which 
seeks to discover the character of things as they 
are in themselves ; then examines his overrated 
“ Physics,” and lastly his “ Practical Philo- 
sophy,” particularly the Politics. The book 
is a striking example of distilled information. 
Aristotle and the Earlier Peripatetics. By E. Zeller. 
1061 pages. Two vols. Longmans .. 24s. 

A translation by B. F. C. Costelloe and J. H. 
Muirhead from Zeller’s u Philosophy of the 
Greeks,” and the most readily available general 
survey of Aristotle’s works, with extended re- 
productions of the writings, apart from separate 
works on the separate books. 

The Living Wage. By Philip Snowden. 189 pages. 
Hodder and Stoughton . . . . . . Is. net 

A vigorous putting of the main arguments for 
the paying of a minimum wage that shall be 
adequate for the support of the worker and his 
family. Mr. Harold Spender, who writes an 
introduction, claims for the book that it is 
vital, illuminating, cogent, and should help to 
draw a Plimsoll line for labour, below which 
a prohibitive social danger is found. 

The Philosophy of Kant. By Robert Adamson. 269 

pages. Douglas 6s. 

The writer is an enthusiastic discqrie of Kant, 
who regards the Kantian philosophy as offering 
the only sound and fruitful basis for specula- 
tion, and, unlike his master, has the power of 
clear expression and popular exposition. 

Loeke. By A. C. Fraser. 299 pp. Blackwood. Is. net 
A good all-round study of a great English 
thinker, who has exercised an influence on 
European thought second to that of Aristotle. 
Locke wrote a plain, easy style, and his bio- 
grapher is also very readable. He deals with 
the life, thought, and influence of Locke, mark- 
ing his limitations as well as explaining his 
ideas and estimating his large, original contribu- 
tions to the intellectual riches of mankind. 

The Mind and the Brain. By Alfred Binet. 280 

pages. Kegan Paul 6s. 

An effort to establish a distinction between what 
is called mind and what is called matter. A 
very subtle argument verging towards Aristote- 
lian ‘reasoning. It reaches the latest phases of 
the question, discussing and rejecting Bergson. 

Morals. By G. L. Duprat. 382 pages. Scott. 6s. 
This volume contains a general view of the 
foundations of ethics, and of some of the direct- 
ing ideas of human conduct. It contain^ a 
useful bibliography of a highly abstruse subject. 
First Principles. By Herbert Spencer. 706 pages. 
Williams and Norgate. Two vols. .. 2s net 
The chief work of the greatest of modern 
thinkers, and written in a somewhat easiei 
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style tkm the more specialised volumes of his 
philosophic system. It contains an explanation 
of all the fundamental ideas running through 
his other works, and is the best book for the 
student of Spencer to start on. 

Polities! Economy. By S. J. Chapman. 253 pages. 
Williams and Norgate Is. net 

file beginner sould not consult a hotter intro- 
duction to the science of economics. Though 
thoroughly scientific, it is free from technicali- 
ties. There is a small bibliography. 

The Interpretation of Mature. By C. Lloyd Morgan. * 

164 pages. Arrowsmith . . . . 2s. 

Dr. Lloyd Morgan sets out to show that a 
belief in a divine purpose in. the universe is not 
inconsistent with a whole-hearted acceptance 
of scientific ideas and methods. 

The Grammar of Science. By Karl Pearson. Third 
edition. 394 pages. Black . . 6s. not 

A revised and enlarged edition of a remark- 
able survey of modern knowledge. Intended as 
a criticism of the fundamental ideas of science, 
it has also a constructive aim. All the prin- 
cipal fields of thought and research are studied. 
Ethical Systems. By Wilhelm Wundt. 192 pages. 

George Allen 6s. 

A general survey of the development of modern 
theories of the universe, beginning in pre- 
Socratic times and descending through the 
Christian ethics of Scholasticism, and the 
generalisations of modern philosophies, to . 
utilitarianism and Positivism. 

Epitome of the Synthetic Philosophy of Herbert 
Spencer. By F. H. Collins. 692 pages. Williams 

and Norgate 5s. net 

An excellent summary of Spencer’s far-ranging 
theories and ideas, which was prepared under 
the authority of the great thinker. The work 
sets out from the idea of an unknowable First 
Cause behind everything, and deals with the 
field of actual knowable things — life, mind, 
sociology, and morality. It follows closely the 
arrangement of Spencer’s works, and condenses 
the author’s statements and arguments. 
Admirable for readers with little time to spare. 
The Principles of Ethics. By Herbert Spencer. Two 
vols. Williams and Norgate . . . . 27s. 6d. 

This work the author regarded as the crown of 
his system of thought. It aims at reducing 
morality to a science, and conduct is examined 
as it hinders or develops the welfare of the 
individual and the race. Spencer tries to show 
that self-sacrifice is a transitional and passing 
phase of morality, and that, as the evolution of 
society goes on, privato welfare and public wel- 
fare tend largely to coincide. 

The Facts of the Moral Life. By Wilhelm Wundt. 
338 pages. George Allen . . . . 7s. 6d. 

A natural history of the growth of morals as 
observable in anthropological studies. Pro- 
fessor Wundt shows how religious ideas con- 
stituted the primary source from whence 
customs are derived. 

The Coming of Evolution. By John W. Judd. 171 
pages. Portraits. Cam. University Press. Is. net 
A charming sketch of how the great revolution 
involved in the general acceptance by men of 
thought of the idea of evolution was brought 
about. Dr. Judd, the geologist, knew most of 


the great leaders in the revolution— Huxley, 
Hooker, Wallace, Lyell, Darwin — and writes of 
them, their labours, and the results of their 
lives with knowledge and enthusiasm. 

Principles of Political Economy. By Charles Glde. 

English translation by C. Ycditz. 720 pages. 

Heath 7s. 6d. 

The work of a French professor at Montpellier,, 
very modern, practical, concrete, in close touch 
with the actual W'orld of affairs and human life. 
Covers the whole subject, and is intelligible to 
the beginner. 

The Science of Wealth. By J. A. Hobson. 256 pages. 

Williams and Norgate Is. net 

Mr. Hobson, a prolific writer on concrete, social, 
and economic questions, here studies “ the struc- 
ture and working of the modern business world 
in which wealth is made and distributed as 
income. ” The work is throughout in close 
touch with actual conditions. 

Critique of Pure Reason. By Immanuel Kant. 

English translation by J. M. D. Meiklejohn. 517 

pages. Bell 3s. 6d. 

This work contains in all essentials the philo- 
sophical teaching of Kant, usually known as 
“ transcendentalism.” The first part contains 
the analysis of knowledge, or the theory of 
experience, which Kant based upon the prin- 
ciple that space and time are qualities or con- 
ditions of our sensuous apprehensions, and that 
a statement in which conditions of time and 
space are introduced can never be held to be 
a truth about things in themselves. 

The Making of Religion. By Andrew Lang. 316 

pages. Longmans 5s. net 

Deals with the supposed evolution of religious 
ideas which finds the origin of belief in a 
Supreme Being in the belief in ghosts. After 
considering the subject from many points of 
view, and examining primitive beliefs and 
various evolutionary theories, the author refuses 
to concur in this opinion as to the origin of 
religion, and summarises the primitive beliefs 
which are in support of his contention. 
Principles of Political Economy and Taxation. By 

David Ricardo. Dent is. net 

Ricardo, whose work w’us suggested by the 
“ Wealth of Nations ” of Adam Smith, was one 
of the greatest exponents of the old orthodox 
political economy. 

The World and the Individual. By J. Royce. Two 

vols. Macmillan 22s. 6d. net 

The leading work of an American metaphysician. 
Though profound, it has something of the 
brightness and simplicity of William James. 
Philosophy of Life. By F. von Schlegel. 567 pages. 

A famous work in which Christian belief is 
vindicated in relation to the greatest human 
interests. There is always something majestic 
and monumental about Schlegel’s work. 

The Wealth of Nations. By Adam Smith. Cheap 

editions 

The book on which the modern science of 
political economy is based, though some of 
Smith’s views have been effectually controverted. 
The book overthrew entirely the mercantile 
system which supposed that nations could enrich 
themselves by shutting off foreign trade and 
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hoarding gold. It proved that wealth came by 
the interchange of the products each country 
could most suitably bring into the world’s 
general market. 

The Psychology of Religion. By E. D. Starbuck. 

423 pages. Diagrams. Scott . . Os. 

In a preface to this book, Professor William 
Janies, the most eminent of American psycho- 
logists, describes it as bringing compromise and 
conciliation into the long-standing feud between 
science and religion, and he recommends it as 
affording matter for edification and improve- 
ment to Christians and scientists alike. 

The Principles of Morality. By Wilhelm Wundt. 

304 pages. Allen (is. 

A volume which rounds off the scheme of 
Professor Wundt’s views on the chief topics of 
ethical theory. An interesting discussion of 
many of the chief problems of i>hilosophy, 
closing with a practical application of moral 
theories to the organised lift' of the community 
in the internal government of States, to the 
association of States with each other, and to a 
development of a common intellectual life. 
Civilisation : Its Cause and Cure, and Other Essays. 
By Edward Carpenter. 175 pp. George Allen, ls.net 
Seven essays written from a Socialistic point 
of view, and finding the cure of present-da> 
evils in “ a complex human communism.” The 
second essay, “ A Criticism of Modern Science,” 
is a protest against the scientific tendency to 
explain man by mechanics. 

Munera Pulveris. By John Ruskin. G. Allen. Is. net 
Six essays on elements of political economy pub- 
lished in “ Fraser’s Magazine,” and, like “ Unto 
This Last,” rejected by the general reader. 
Ruskin declared that they contained “ tin* first 
accurate analysis of political economy pub- 
lished in England.” In this little book, per- 
haps more than any other, is concentrated 
Ruskin’s economic theory. 

Sesame and Lilies. By John Ruskin. CScorgo 

Allen is. net. 

Two lectures, the first entitled, “Of Kings’ 
Treasuries,” on hooks and the saeredness of 
thought and language; and the second, “Of 
Queens’ Gardens,” of womanhood, first as 
revealed in hooks, and then its duties, privileges, 
and true domain. The most widely read of all 
Ruskin’s works, probably because of its appeal 
to womanly instinct. 

A Joy for Ever. By John Ruskin. Geo. Allen. Is. net 
Originally published as “ The Political Economy 
of Art,” to which were added copious addenda. 
The substance was given in lecture's at Man- 
chester. First the question was asked, How 
are we to discover genius? Second — how can 
it he set to work ? The next lecture dealt with the 
accumulation of works of art, and their dis- 
tribution. The whole series should he read by 
all who wish to know what Ruskin thought. 
The Works of Ralph Waldo Emerson. 034 pages. 
Routledgc . . . . . . . . 3s. 6d. 

Much the cheapest edition of Emerson, because 
complete, and including six or more volumes of 
popular editions. The contribution of Emerson 
to human thought is chiefly in intellectual 
stimulation, and an insistent assertion of the 
right of the individual soul to receive the full 
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stimulus of all the thought and experience of 
the race and realise itself as a compendium of 
mankind, an inheritor of all traditions, a focus 
for all nobilities, a starting point for all future 
acquisitions — a touch with an eternal Over-soul. 
The Two Paths. By John Ruskin. Geo.Allcn.ls.net 
Five lectures, tho subjects being “ Tho 
Deteriorative Power of Conventional Art over 
Nations”; “The Unity of Art”; “Modem 
Manufacture and Design”; “The Influence of 
Imagination in Architecture”; “The Work of 
Iron.” In the last lecture Ruskin breaks forth 
into open Socialism. The lectures are only 
associated with each other in spirit, not in sub- 
ject. The “two paths” are those of sincerity 
and insincerity. 

The Crown of Wild Olive. By John Ruskin. George 
Allen . . . . . . . . . . Is. net 

A reprint of lectures pointing out the weak- 
nesses and insincerities of modern society, and 
developing Ruskin’s peculiar tenets ot 
Socialistic co-operation and conscience. One ol 
the most simple and eloquent of his hooks, but 
with a remarkably ornate introduction, 
designed, apparently, to influence the conduct 
of men by sheer oratorical power. 

Time and Tide. By John Ruskin. Geo Allen. Is. net 
Elaborating Ruskin’s ideas of the place of labour 
in the world and the responsibilities of riches. 
Ranking in simplicity and directness of treat- 
ment with “The Crown of Wild Olive.” 

Unto This Last. By John Ruskin. Geo Allen. Is. net 
Four essays on political economy and social 
organisation contributed to tho “ Cornhill 
Magazine,” hut brought to an end because they 
were “ reprobated in the most violent manner ” 
by the readers of that publication. 

Ethics of the Dust. By John Ruskin. George 
Alien . . . . . . . . . . Is. net 

'Pen lectures on crystallisation given to a girls’ 
school, and reported in dialogue form. The 
lectures are not intended for an introduction to 
mineralogy, hut to awaken in the minds of 
young girls, ready to work earnestly, a vital 
interest in the subject of their study. 

The Queen of the Air. By John Ruskin. George 
Allen . . . . . . . . . . Is. net 

A study of tin* Greek myths of cloud and storm, 
memorable lor its association of lovely ideas 
with Greek legends, and its fugue-like descrip- 
tions of natural beauty, as in the wonderful 
period which summarises the relations between 
the air and the earth. 

The Groundwork of Science. By St. George Mivart. 

330 pages. Murray . . . . . . (is. net 

(’an there he any common ground work for 
science? Dr. St. George Mivart holds that 
there is, and, after giving a complete list of the 
sciences in logical sequence, he leads up to the 
ultiinato grounds of all knowledge and of all 
sciences whatsoever, in what lie calls the science 
of understanding or epistemology — a kind of 
superstructure for psychology and philosophy. 
Treatise on Natural Philosophy. By Lord Kelvin 
and P. G. Tait. Two vols. Cambridge Univer- 
sity Press . . . . . . . . 9s. 

An investigation of laws in the material world, 
with the deduction of results. Gives a complete 
account of the subject in language adapted to 
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tlio mjn-mathematical reader, and furnishes a 
connected outline of the intellectual processes 
by which the greater part of the knowledge 
has been extended into regions as yet unex- 
plored by experiment. 

The Problems of Philosophy. By Dr. Harold Hoff- 
ding. 201 pages. Macmillan . . 4s. Oil. net 

The problems discussed in this profoundly 
thoughtful book are those of Consciousness, 
Knowledge, Being, and Values. William James 
contributed a preface to it, and arranged for 
a translation. He describes Professor llbfTding 
as one of the wisest as well as most learned of 
living philosophers. 

The Origin and Development of the Moral Ideas. By 
Edward Westermarck. Two vols. Macmillan. 28s. 
A hook of fundamental importanee, by the 
Professor of Sociology at the University of 
London. The author’s own summary of the 
hook is that it comprises a study of the moral 
concepts, with an examination of tin* moral 
emotions, their nature and origin, and the 
relation between these emotions and moral con- 
cepts ; a discussion of the subjects of moral 
judgments ; a classification of the phenomena 
concerned ; and a statement and an explanation 
of each class. Extraordinarily comprehensive. 
A Brief History of Modern Philosophy. By Dr. 
Harold Holding. 324 pages. Macmillan, (is. (id. act 
l)r. Hbffding begins his review of modern 
philosophy with the Renaissance', and the dis- 
covery of the natural mail, and lie carries it 
forward through all the schools of thought of 
England, Germany, and Prance to William 
James and Euckon, showing that the history of 
philosophy hears a direct relation to the general 
history of culture and of mind. An exceedingly 
valuable book, unsurpassed as a condensation 
by an original mind. 

Lamarck : His Life and Work. By A. S. Packard. 

407 pages. Illustrated. Longmans Os. 

A useful and eminently judicious survey of the 
life and writings of tlie great Kreneli 
evolutionist, with a sufficient introduction of 
his opinions in his own words to give* the* reader 
a clear conception of the theories lie formulated. 
Development and Purpose. By Professor L. P. Hob- 
house. Macmillan . . . . . . I Os. net 

A memorable survey of the latest scientific 
researches, resulting in the conclusion that “ a 
conditioned purpose eonstitutes the core of the 
world-process,” and that there is a Mind of 
which the world-purpose is the object. The 
hook builds up the scientific probability that 
the story of the universe is the orderly working 
out of a divine thought. 

SOCIETY 

Primitive Man. Rise of Civilisation. 
Organisation of Society. Education. 
Government. Industry. Commerce. 

Man Before Metals. By N. Joly. 3G5 pages. Illus- 
trated. Kegan Paul . . . . . . 5s.- 

This brightly written hook collects the proofs of 
the great age of the human race, and in a 
second part treats of the customs, the industry, 
the moral and religious ideas of man as he 
existed before the use of metals was known. 


Relics of Primaeval Life. By Sir J. W. Dawson. 

33(> pages. Ulus. H odder and Stoughton, fis.net 
An account of the earliest fossil traces of 
organic life, ill the oldest rocks. The hook is, 
however, largely concerned with the discovery 
of Eozoou Canadense, which was soon found to 
he altogether a mistake, and not. an organic 
form at all. But there is much trustworthy 
geological information, and the hook is written 
in popular language, free from technicalities. 

Warfare in England. By Hilaire Belloc. 251 pages. 

Williams and Norgatc . . . . . . Is. net 

One of our most brilliant essayists deals here 
with the geography of England viewed from 
the military and strategical standpoint, includ- 
ing studies of tin* Roman Conquest, the Norman 
Conquest, Mediaeval Warfare, the Civil Wars, 
and the Scotch wars. The hook is very 
interesting, and contains good little maps. 

Rural Rides. By William Gobbett. Dent. Is. net 
Mr. Chesterton’s estimate of Cobbed, is that 
la* was the last representat ive of that real 
democracy which was a return to Nature, and 
which only poets and mobs can understand. 
Eew have loved the English country and t lie 
poor with the real, sturdy downright ness with 
which Cohbett loved them, and few, if any, 
have described English country scenes with the 
vigour and freshness and the profound sim- 
plicity with which hi* describes them. 

The Evolution of Marriage. By C. H. Letourneau. 

373 pages. Walter Scott .. .. 3s. fid. 

A valuable eollection of facts gleaned from the 
writings of ethnographers, travellers, lawyers, 
and historians, tracing the growth of the mar- 
riage system through savagery to civilisation. 
The Jews. By Maurice Fischberg. 578 panes. 

Illustrated. Walter Scott .. .. fis. 

An attempt to present the results of anthropo- 
logical, pathological, psychological, and demo- 
graphic investigation of the .lews. Based on 
careful scientific research in America, and 
Europe. The hook discusses the distribution of 
the Jews, their physical characters, types, 
customs, and occupations. There is a most 
useful bibliography. 

The Village Community. By Sir George Laurence 
Gomme. 200 pages. Illustrated. Scott. 3s. fid. 
One of the first and best, inquiries into the 
place which the village community holds among 
British institutions. An excellent work of 
reference, tracing existing relations of tin*, 
village community in Britain, and examining 
and comparing surviving types. 

Life in Early Britain. By Sir B. C. A. Windle. 244 

pages. Nutt .. .. .. .. 3s. fid. 

An account of the early inhabitants of this island 
and the memorials which they have left behind 
them. Deals with Pahcolithic ami Neolithic 
man ; the Bronze period ; the Roman occupation 
of Britain; the Saxon occupation; tribal and 
village eom muni ties, etc. 

The Origins of Invention. By Otis T. Mason. 419 

pages. Illustrated. Walter Scull .. 3s. fid. 

An interesting study of industry among primi- 
tive peoples in which is traced the development 
of tools and mechanical devices; the uses of fin?; 
working in stone and clay; tin* early uses of 
plants; the beginnings of textile industry ; the 
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domestication of animals; the dawn of travel, 
and other aspects of progress. The author 
holds that all industries, arts, languages, 
institutions, and philosophies are inventions. 
Historical Sociology. By Frank Granger. 241 pages. 
Methuen . . . . . . . . 3s. 6u. net 

This books deals with the bases of social 
problems; the primary relations upon which 
laws and politics have actually been built up; 
with the individual ; the will of the people ; 
genius and destiny; marriage; religion, and 
regeneration. It is intended as an elementary 
treatise, and contains a bibliography. 

Across the Bridges. By A. Paterson. Arnold. is. 
A human and interesting story of the life of the 
poor of South London, presenting the pleasing 
and happy features, as well as the distresses, 
miseries, and hardships. Mr. Paterson feels 
himself among friends in the parts of which he 
writes, and consequently makes his descrip- 
tion of thorn living and interesting. 

At the Works. By Lady Bell. Nelson.. Is. net 
This “study of a manufacturing town ” is a 
most systematic investigation of the life of the 
ironworkers and their families at Middles- 
brough. Lady Hell had been intimately 
acquainted with the workers in this town for 
thirty years, and was assisted in the preparation 
of her hook by a hand of social students. Over 
a thousand homes were visited, and the most 
intimate details of their life are summarised in 
this little work. 

The State. By Woodrow Wilson. With introduction 
by Oscar Browning, M.A. 050 pp. Harrap. 7s. fid. 
A study of the elements of historical and 
practical politics, by the man who presides over 
the American people. The work is worthy of 
a great scholar and statesman, and is interest- 
ing to all nationalities. 

A Practical Guide in the Preparation of Town- 
Planning Schemes. By E. G. Bentley and S. P. 
Taylor. lfiO pages. With maps, philips 5s. 
This hook, which is written by a lawyer and 
an architect, provides a most useful and com- 
prehensive guide to the legislation on housing, 
and to the best methods to follow in adopting 
the Housing Acts. 

The Theory and Practice of Trade Unionism. By 
J. H. Greenwood. 70 pages. Pi field.. fid. 

The author of this useful little treatise is a 
barrister-at-law, and author of several hooks on 
legal subjects. A brief summary of the chief 
facts contained in Mr. and Mrs. Webb’s 
hook on “ Industrial Democracy ” is here given. 
The functions, aims, and methods of trade 
unions; arbitration and the mininum wage; 
apprenticeship; the future and legal status of 
trade unions are discussed. 

Industrial Democracy. By Sidney and Beatrice Webb. 

929 pages. Longmans. . .. .. J2s. net 

Contains a mass of facts on the labour question 
in all its aspects, gathered by the authors from 
personal investigations. The organisation and 
political importance of the labour movement are 
admirably described. 

Parliament. By Sir Courtenay Ilbert. 256 pages. 

Williams and Norgato .. .. .. ls.net 

This excellent little book, by the present Clerk 
to the House of Commons, gives a complete 
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condensed account of the history, constitution, 
and practice of the English Parliament, and 
includes a comparison with the constitution 
and procedure of government in other coun- 
tries. Contains a classified and critical biblio- 
graphy of considerable value. 

The English Language. By L. Pearsall Smith. 251 

pages. Williams and Norgato *.. ls.net 

Mr. Pearsall Smith, a student of American birth, 
but now resident near Oxford, shows in this 
booklet amazing industry and ingenuity in 
tracing the meanings of words. Every English 
man who loves his native language will delight 
in the new view of it given in this book. 

History of Trade Unionism. By Sidney and Beatrice 
Webb. 558 pages. Longmans . . 7s. fid. n^t 

In describing the growth and development of 
the trade union movement, the authors give 
the political history of the English working 
class for nearly two hundred years. The trade 
union organisation of today is described in 
detail. The last chapter contains a realistic 
sketch of actual trade union life, by a trade 
union secretary. Includes a bibliography. 
Continuation Schools in England and Elsewhere. By 
Michael E. Sadler. 780 pages. Manchester Univer- 
sity Press . . . . . . . . 8s. fid. 

Professor Sadler is the acknowledged authority 
on the; subject of continuation schools, and this 
comprehensive survey of their workings at home 
and abroad is therefore of first importance. 
The question of compulsion is very carefully 
reasoned, with a final decision in its favour, hut 
only if applied with caution and without haste. 
Housing. By Percy Alden and Edward E. Hayward. 

lf»8 pages. Headley .. .. .. Is. 

This little book, by two well-known social 
reformers, gives a concise account of the history 
of housing legislation, and an excellent brief 
study of the chief issues of the problem. The 
authors warmly support the garden-city move- 
ment. The problems of London traffic are also 
discussed as hearing on the housing problem, 
and an excellent bibliography is included. 
Unemployment. By W. H. Beveridge. 405 pages. 
Longmans . . . . . . . . 9s. net 

A new edition of a most valuable hook, with a 
chapter on the Insurance Act. Moderate in 
tone, and scholarly in treatment, it reviews 
the whole question in a clear and reasonable 
manner. The author is optimistic as to the 
possibility of a solution, which ho believes to 
lie in the direction of organised fluidity of 
labour, and a more even distribution of work. 
Life in an English Village. By Maud F. Davies. 
319 pages. Unwin .. .. .. 10s.fid.net 

An account of the conditions of life in a typical 
small parish in Wiltshire. The social, economic, 
and moral aspects are dealt with, and the 
causes of poverty examined. The hook also 
contains a sketch of the history of the village. 
A most interesting work for social students. 

The Housing of the Working Classes and the Poor. 
. By Rev. M. Kaufman. Jack .. Is. 

The author, who is vicar of Caltborpe in Nor- 
folk, traces the evils of bad housing chiefly to 
the depopulation of the villages, and strongly 
advocates modification of the by-laws which 
hinder building in rural parishes, such as those 
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concerning building materials, and the com- 
pulsory purchase of land. Private effort is, he 
believes, to be looked to, rather than legislation 
for remedy. 

The Housing Problem in England. By Ernest R. 

Dewsnup. 328 pp. Manchester University Press. 5s. 
A scientific and comprehensive treatise, dealing 
with the statistics, legislation, and general 
policy on tho housing question in England. 

The Awakening of England. By F. E. Green. 370 

pages. Illustrated. Nelson . . . . 2s. net 

A popular account of things and conditions 
noted in rambles through rural England, with 
some suggestions for tho revival of a happy 
village and country life. Mr. Green is himself 
a successful smallholder, and has proved by 
experience the value of his advice. Ho believes 
that with care and good sense those who make 
a living from the land could he quadrupled. 
Unemployment and Trade Unions. By Cyril Jackson. 

92 pages. Longmans .. .. .. Is. fid. net 

This little treatise, by an expert, was written 
before tbo Insurance Act. It reviews tho 
various methods of dealing with the problem, 
such as relief works, labour exchanges, State 
regulation of industry, education, insurance, 
etc., and indicates tho lines of a remedial polic) 
by the State, and the plaoo of trade unions 
within tho scheme. 

Fields, Factories, and Workshops. By Prince 

Kropotkin. 477 pages. Nelson Is. not 

Discusses the advantages which civilised 
societies could derive from a combination of 
industrial pursuits with intensive agriculture, 
and of brain work with manual work. 'Die 
decentralisation of industries, together with the 
development of agriculture, is put forward as 
the most hopeful path to social progress. Per- 
haps ail over-optimistic point of view. 

Housing of the Working Classes in London. Report 

of the London County Council. 168 pages. Illus- 
trated. King . . . . . . Is. 

A most readable account of tho various actions 
of the Council in dealing with the housing 
problem, between 1855 and 1912, especially from 
1889 to 1912. 

The Condition of England. By C. F. G. Masterman. 

225 pages. Methuen . . . . Is. not 

An extremely interesting study of the people 
of England at the present day. Gives a most 
convincing picture of the real inner life of the 
various classes : the wealthy ; the middle classes ; 
the artisans; tho very poor. A book to be 
read by all social students. Points out the real 
direction in which hope lies for the future. 
Town Planning in Practice. By Raymond Unwin. 

416 pages. Illustrated. Unwin .. 21s. 

An introduction to the art of designing cities 
and suburbs, by the eminent pioneer of tho 
garden-city movement, whose work in conned 
tion with Letchworth has been even surpassed 
in brilliance by his skill in laying out the Hamp- 
stead Garden Suburb. 

The Return to the Land. By Senator Jules Meline. 

240 pages. Chapman and Hall . . 5s. 

In examining the congestion in industry, 
resulting from the immense and rapid develop- 
ment of manufactures, the author compares 
industrial conditions in this country with those 


prevailing in Japan, Germany, France, Canada, 
Mexico, and other countries. In advocating as 
a remedy a return to the land and the 
creation of new rural communities, tho import- 
ance of opportunities for amusement anti for 
genial intercourse is. emphasised. 

Rural Life Problem of the United States. By Sir 
Horace Plunkett. 174 pages. Macmillan. 5s. not 
In this book Sir Horace Plunkett, who has done 
so much to revive Irish agriculture, shows how 
this has been accomplished working against 
tremendous odds; so that now it can he said 
that Ireland is ahead, in thought upon rural 
economy, of any English-speaking country. A 
similar policy is here advocated for tho renowal 
of American life. 

Diseases of Occupation. By Sir Thomas Oliver. 427 

pages. Illustrated. Methuen .. 7s.6d.net 
A valuable survey of a rarely explored field 
considered from the legislative, social, and 
medical points of view. The author discusses 
factors contributing to industrial diseases, 
diseases due to gases, vapours, high tempera- 
tures, atmospheric, conditions, chemical and 
metallic poisons, dust fumes, and so on. A 
most important book, by one of the highest 
authorities on the subject. 

Unemployment. By B. Seebohm Rowntree and 
Bruno Lasker. 317 pagrs. Macmillan 5s. not 
The authors have investigated in great detail, 
and carefully tabulated, the conditions and 
causes of unemployment in the city of York. 
Tin* immediate causes were found to be. chiefly 
a bad start in life, and the prevalence of casual 
work. Physical and mental inefficiency do not, 
in the authors’ mind, suggest the real remedy 
for employment, which consists rather in 
training youths, and in the regulation and 
organisation of labour. 

Life in West London. By Arthur Sherwell. 202 

pages. Methuen . . . . . . 2s. fid. 

A study of poverty in the slums of West London, 
where the misery is sensibly heightened by tbo 
contrast of extreme wealth in close proximity. 
A human and searching study of the social, 
industrial, and moral conditions of tho people. 
The author has some forcible tilings to say of 
the harm done by ignorant philanthropy. 

The Civilization of China. By Herbert A. Giles. 

253 pages. Williams and Norgate .. ls.net 

In this work the Professor of Uhinoso at Cam- 
bridge, who was formally British Consul at 
Mingpo, gives a most interesting account of the 
Chinese people, their customs, beliefs, laws anil 
family life, showing tho real nature of a great 
people, and dissolving many false ideas still to 
some extent prevalent concerning them. 
Evolution of Industry. By D. H. Macgregor. 252 

pages. Williams and Norgate .. ls.net 

This book, by the Professor of Political Economy 
at Leeds, deals with tho recent changes which 
have given us the present condition of the work- 
ing classes. Among other subjects, it deals 
admirably with “ labour unrest,” and with the 
relation of the people to the land. 

Crime and Insanity. By C. A. Mercier. 254 

pages. Williams and Norgate . . Is. net 

The well-known physician in mental diseases 
attempts here to discover, from tho biological 
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standpoint, what crime actually is, and to study 
it in relation to insanity. Dr. Mcrcier’s view of 
insanity is of great interest, as he distinguishes 
it altogether from menial disorder. He regards 
it as disorder of conduct. 

Science and the Criminal. By C. Ainsworth Mitchell. 
250 pages. Illustrated. Pitman . . Os. net 
This description of the various methods used hy 
experts in the detection of crime is better 
reading than any detective story. Among other 
subjects, the hook deals with methods of cap- 
ture, personal identification, anthropometry, 
handwriting, the clues which may he found in 
inks and papers, and gives the history of 
several sensational trials. 

English Political Institutions. By J. A. R. Marriott. 

347 pages. Clarendon Press 4s. (id. 

The author, a lecturer and tutor in modern 
history and political science at Worcester Col- 
lege, Oxford, holds that history should ho 
taught from the present time backwards, and 
so has written an introduction to English 
institutions explaining the contemporary work- 
ing of the constitutional machine ; the executive, 
legislative, local government, judiciary, 
and the relations botween the Mother Country 
and Empire. An excellent book, non-political, 
clear and comprehensive. 

The Americans. By Hugo Miinsterberg. 618 pages. 

Williams and Norgatc . . . . 12s. Gd. net 

An attempt to interpret systematically the 
democratic ideals of the people of the United 
States, politically, economically, intellectually, 
and socially, from a German point of view. 
Written for German readers by the Professor of 
Psychology in Harvard University, the book is 
translated for American readers by a profes- 
sorial colleaguo. The aim is to study tho 
American man and his inner tendencies — in 
short, to propound a. philosophy of Americanism. 
The keynote is struck in chapters on self-direc- 
tion, self-realisation or initiative, self-perfec- 
tion, and self-assertion. The author remarks 
caustically that he might have added self- 
satisfaction. A shrewd and trenchant review, 
showing the predominance in the American 
character of ethical over icsthctie tendencies. 
The British Race. By John Munro. 250 pages. 

Hodder and Stoughton Is. not 

The author claims that this is the first attempt 
to bring the results and views of modern 
anthropologists, with regard to the origins of 
the British race, before the general public in 
familiar language. The hook is especially 
interesting on the intellectual and tempera- 
mental differences of different peoples. 

Life and Labour of the People of London. By 
Charles Booth. 17vols. Macmillan. 5s. per voL 
An important investigation of the conditions of 
life and labour in London, issued during the 
years 1892 to 1903. Mr. Booth was assisted hy 
many devoted workers, and tho whole area was 
examined with astonishing minuteness. In this 
work appeared first an economic classification 
of the population which lias since been used hy 
Mr. Itowntree and others — viz., class A, lowest 
class; B, irregular work; C, intermittent earn- 
ings; D, small regular earnings; E, standard 
earnings, the latter including artisans of all 
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kinds; E, best paid artisans and foremen; G, 
lower middle, including small shopkeepers and 
clerks; and H, including those who keep ser- 
vants. It was found that about 30 per cent, of 
the population were in poverty (classes A-D), 
and about 70 per cent, in comfort (classes E-H). 
Education for Citizenship. By Dr. Georg Kerschen- 

Stelner. 1 54 pages. Harrap . . f ., 2s. 6d. net 

The Commercial Club of Chicago sent an expert 
educationist to Europe to study education, and 
he found this prize essay, to which the club 
has given a wider publicity. The club felt the 
need of practical vocational training as a supple- 
ment to the public school courses, and this book 
gives a useful description of wlmt is being done 
in Munich under the man who has not only 
suggested hut carried out a very complete 
scheme of education for citizenship. The 
author is director of the Munich public schools. 
Heredity and Selection in Sociology. By G. C. Hill. 

600 pages. Black 12s. 6d. 

The author gives in the first place a concise 
exposition of the main facts of heredity and 
selection, based upon recent biological 
researches; and this part of the work has been 
revised hy Professor J. A. Thomson, the eminent 
Scottish biologist. Mr. Hill regards the prin- 
ciple of selection as having the greatest import- 
ance in social lift*, and believes that conflict is 
necessary in order to secure selection. 

The Montessori Method. By Maria Montessori. 

Translated from (he Italian. Hcincmann. 7s. Gd. net 
An exposition of a system for teaching very 
young children, or children of defective intellect, 
through the senses, developed after long study 
hy an Italian lady who is a doctor and psycho- 
logist. The system has proved very successful 
in schools for backward children, and has 
attracted attention throughout the whole 
educational world. 

Myth, Ritual, and Religion. By Andrew Lang. 720 

pages. Two vols. Longmans . . 7s. 

A study of religion among primitive races in all 
parts of the world, and among the peoples of 
antiquity in Egypt, India, and Greece, showing 
the evolution of ideas of the Divine. 

Sociology. By J. Q. Dealey. Harrap. 3s. 6d. net 
An attorn pt to simplify the teachings of soci- 
ology, and to show how they may be applied to 
social problems, and to cultural and moral 
betterment, without leading up to a Socialistic 
conclusion, though the writer admits the 
stimulating efFoct of social utopias. 

The Factory System. By R. W. Cooke-Taylor. 189 

pages. Methuen . . . . . . 2s. Gd. 

A handbook containing a popular statement of 
how the factory system came to he, and of the 
controversies which have been waged with 
regard to it, together with a summary of legis- 
lation concerning factories. Contains a list of 
official forms for use under the Factory and 
Workshop Acts. 

Crime : Its Causes and Remedies. By Cesare 

Lombroso, 471 pages. Heinemann.. 16s.net 
A translation, under an American committee, 
of tlie French version of an Italian classic. The 
author describes his work as “ tho outlines of a 
system of criminal therapeutics.” It discusses 
the chief social causes of crime. The born 
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criminal is held to be a distinct anthropological 
type, and is treated as a moral imbecile. 
Various existing methods of the public control 
of criminals are reviewed. The book is based 
too exclusively on Italian types, but lias had a 
great effect on ponalogy. 

Applied Sociology. By Lester F. Ward. 384 pages. 

Ginn . . ... . . . . . . 10s. Gd. net 

The sub-title is “ the conscious improvement of 
society by society,” and the aim is to review 
sociological development comprehensively in 
order to show that legislation of the future, 
which is likely to he attractive rather than 
prohibitory, must be produced by scientific 
sociologists and inventors, working on the linos 
of exhaustive experiment. 

Physical Education. By Dudley A. Sargent. 311 
pages. Ginn . . . . . . . . Gs. net 

A review of physical training as needed, and 
in part carried out, in the United States. The 
arguments for athleticism and against unduo 
athleticism are balanced carefully. There is a 
striking admission of the unsportsman-like 
sharp practice, and even ferocity, sometimes 
engendered in America by too keen competition. 
Anthropology. By R. R. Marett. 25G pages. Wil- 
liams and Norgato .. .. .. Is. not 

Mr. Marett is Reader in Social Anthropology in 
the University of Oxford, and an acknowledged 
authority on the customs and beliefs of primi- 
tive races. Anthropology, he says, studies man 
as he octcu rs at all times, and in all known. parts 
of the world. It deals with such questions as 
race, language, environment, social organisa- 
tion, law, religion, morality, especially in so 
far as individual traits reveal the universal. 
The Dawn of History. By J. L. Myres. 256 pages. 

Williams and Norgate . . . . . . Is. not 

The author of this work is Professor of Ancient 
History in Oxford University. He here traces 
in many parts of the world the story of those 
crises or generally abrupt changes through 
which nations emerge out of the unhistone 
sameness of primitive life into the striving pro- 
cess of the “historic age,” frequently through 
the efforts of some individual or “ great man.” 
The Stone Ages. By the Rev. Frederick Smith. 377 
pages. Illustrated. Blaekie.. .. 10s. 

An account of the Hint implements found in 
North Britain and Ireland, with deductions of 
great interest and importance which the author 
has been able to draw concerning the nature 
»f ancient man. There is considerable evidence 
of his having possessed heroic qualities and great 
ingenuity, and possibly also domestic qualities. 
An extremely interesting hook. 

A Guide to the Antiquities of Upper Egypt. By 
Arthur E. P. Weigall. 594 pages. With maps and 

plans. Methuen 7s. Gd. net 

The author, who is Inspector General of the 
Department of Antiquities, Upper Egypt, here 
describes with full historical details the famous 
ruins in his charge. The hook is intended for 
the use of those who visit the ruins themselves, 
hut will be interesting to all archaeologists. 
Extinct Civilisations of the West. By R. E. Anderson. 
200 pages. Illustrated. H odder . . Is. net 

A brief account of the traces of Norse colonies 
in Greenland and other parts of North America 


centuries before Columbus ; of Welsh and Irish 
Colts who preceded even the Norsemen ; of the 
Aztecs, their traditions, their hieroglyphics, 
their human sacrifices, religious services, their 
remarkable scientific knowledge, etc*.; and of 
American areluvology in general. 

Extinct Civilisations of the East. By R. E. Ander- 
son. 229 pages, illustrated. Maps. 1 fodder and 

Stoughton .. Is. not 

A work on the origin and races of mankind : 
Chaldea and Babylonia ; ancient Egypt; the 
flittites, Phcrnicians, arid Hebrews; the Arab; 
and Iran, or ancient Persia. rut cresting 
historical and ethnological chapters, valuable to 
the general reader and to tho student of Old 
Testament history. 

Primitive Man. By E. Clodd. 20G pages. Illus- 
trated. I (odder and Stoughton .. ls.net 

A concise popular introduction to the study of 
man in the Stone and Metal Ages, containing a 
bibliography. The primitive ideas of harhnrie 
nations are quoted to illustrate the probable 
meanings of prehistoric* remains, and the 
positions in which they are sometimes found. 
Prehistoric Times. By Lord Avebury. GIG pages. 
Illustrated. Williams and Norgate . . 7s. Gd. net 

Phis history of ancient man is derived from 
prehistoric remains found in various parts of tho 
world, and from a study of the manners and 
customs of modern savages. The hook is well 
illustrated with pictures of implements, work* 
of art. etc. from the prehistoric ages. 

The World’s Peoples. By A. H. Keane. 434 pages. 
Illustrated. Hutchinson .. .. Gs.net 

A popular account of tho bodily and mental 
characters, beliefs, traditions, and political and 
social institutions of the races of the world. 
Well illustrated by many photographs. 

Remains of the Prehistoric Age in England. By Sir 
B. G. A. Windle. 312 pages. I Has. Met huen. 7s. Gd. 
An interesting and well illustrated hook by the 
President of Cork University College. It deals 
fully with stone, metal, and hone, implements, 
burial places, earth-works, pit-dwellings, and 
with the physical remains of prehistoric man. 
The Childhood of Man. By Leo Frobenius. English 
translation by A. H. Keane. 501 pages. Illus- 
trated. Seeley.. .. .. .. lGs.net 

An admirable description of many aspects of 
primitive races, including personal adornment, 
tattooing, tests of manhood, origin of labour, 
dress- language, sign and gesture language, etc. 
The Position of Women in Indian Life. By the 
Maharani of Baroda. 358 pages. Longmans. 5s. 
A hook designed to forward the assimilation of 
Western ideas and practices by the women of 
India, hut containing also much information 
with regard to their actual status. There are 
chapters on the woman movement; professions 
for women; agriculture; home professions; arts 
and science; co-operation, and thrift. 

The Commerce of Nations. By C. F. Bastable 226 
pages. Methuen .. .. .. 2s. Gd. 

Men of the present generation have in many 
case forgotten, or never knew', the history of 
the freeing of trade from hampering restric- 
tions. The writer of this hook shows how 
modern Protectionism has growrn and flourished 
on ideas inimical to true progress. 
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Origin of Civilisation. By Lord Avebury. 482 

pages. Illustrated. Longmans . . 7s. 6d. net 

Lora Avebury describes the social and mental 
conditions of savages, their art, marriage, 
family relations, religion, language, polity and 
laws. Though the savages of today do not 
necessarily represent very accurately the con- 
dition of primitive man, the hook is of great 
value to the student of social evolution. 
Criminals and Crime : Some Facts and Suggestions. 

By Sir Robert Anderson. 194 pp. Nisbet. 5s. net 
The writer of this book had in his day a good 
deal of experience of the criminal classes. He 
points out that crime against property, such as 
burglary and long-firm swindling, is almost 
always the work of a distinct typo of offender, 
and he has his own plans — hero explained — for 
redemption and prevention. 

History of Civilisation in England. By T. H. Buckle. 

Three vols Cheap editions 

A brilliant attempt to ascertain the laws and 
principles of human progress, and to trace their 
operation in English history. A stimulating 
work, but inaccurate in detail, and not generally 
accepted nowadays. The author contends that 
civilisation is largely affected by natural 
conditions. 

The Status of Woman Under the English Law. By 
A. B. W. and M. W. Chapman. 90 pages. Rout- 
ledge. . . . . . . . . . . Is. net 

A compendious epitomo of legislative enact- 
ments and social and political events, arranged 
as a continuous narrative, with references to 
authorities and Acts of Parliament. 

The Childhood of Religions. By Edward Clodd. Kegan 

Paul Is. 

The early growth of religion traced, from 
Nature worship onward, and its development 
into a variety of faiths of different quality. 
A simple introduction to the study of compara- 
tive religion. Written in a fascinating style. 
The Children : Some Educational Problems. By 
Alexander Darroch. 140 pages. Jack is. 

Professor Darroch sees the life of the future 
in the children of the present, and holds that 
the whole life of the State can best bo shaped 
through the education of its future component 
individuals — the children of today. A thought- 
ful book with a broad outlook. 

The Criminal and the Community. By James Devon. 

348 pages. Lane . . . . . . Os. net 

A useful book, by a writer who has had large 
experience of the criminal classes while they 
have been under detention. Dr. Devon comes 
to tins conclusion which is now generally direct- 
ing prison efforts — that the young should 
be placed largely on probation, and older 
criminals he trained for usefulness. 

The Problem of Human Life. By Rudolph Eucken. . 

Fisher Unwin 10s. 6d. net 

A general survoy of philosophic thought on 
the problem of human life as it has presented 
itself to the thinkers of successive generations. 
A valuable hook by one of the most fertile 
and original thinkers of our own day. 

The Task of Soeial Hygiene. By Havelock Ellis. 419 

pages. Constable 8s. 6d. 

Discusses the problems of modern civilisation, 
the changing status of women, and the signiti- 
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cance of the falling birth-rate. Eugenics and 
love, religion, and the child, the problem of 
giving sexual instruction to hoys and girls are 
among the topics discussed. The concluding 
chapters deal with the war against war, and 
the problem of international language. 
Co-Operation at Home and Abroad : A Description 

and Analysis. By C. R. Bay. f Over 400 pages. 

King . . 10s. 6d. net 

A comprehensive examination of the co-opera- 
tive movement as it has developed in the 
countries of Europe that are most advanced 
socially. The author shows how some phases 
of the movement are more suitable than others 
to national idiosyncracies. 

The Village Labourer. By J. L. and Barbara Ham- 
mond. 428 pages. Longmans . . 9s. net 

A study in the government of England before 
the Reform Bill, describing the life of the 
village poor during “ tho last contury of the old 
regime,** by which phrase the authors mean 
the time when England was governed witli 
absolute power by a class. A valuable book, 
with facts not brought together elsewhere. 

The Student's Froebel. By W. H. Herford. Two vols. 

296 pages. Pitman 5s. net 

A general survey of Froebel’s life, theory, and 
works, suitable for those who wish to under- 
stand, or still more those who wish to put into 
practice, his system of teaching the very young. 
Tho sketch of FroebePs life is based on the 
biography by Seidel. 

Criminal Man. By Cesare Lombroso. 342 pages. 

Putnam 6s. 

A summary of tho writings of Lombroso about 
the criminal type. The condensation is by the 
author’s daughter. A general survoy of the 
works of the Italian specialist is included. No 
writer needs to be read with more reserve of 
judgment, though tho influence of his theories 
has been beneficent. 

The Subjection or Women. By John Stuart Mill. 12H 

pages. Longmans 3s. net 

The first formal examination of the relations 
between men and w r otncn in public life, leading 
# up to the theory that absolute equality should 
exist in all civic and national respects. While 
tho abstract argument remains the same, the 
illustrative circumstances of disparity between 
tho sexes — particularly in legal respects — has 
have been considerably varied in favour of 
women since tho hook was written. 

The Family. By Elsie Clewes Parsons. About 500 

pages. Putnam .. .. .. 12s.6d.net 

A study in the development of the family, 
described as “ an ethnographical and historical 
outline of the subject.*' 

A History of War and Peaee. By 6. H. Perris. 

Williams and Norgato. . .. .. Is. not 

A sketch of the chief stages by which mankind 
has from time to time “ swarmed" over the 
earth, with war as its forceful and ready 
weapon, but tending, with settlement and 
higher civilisation, to peaceful activity — a goal 
of human evolution. 

Eight Chapters on the History of Work and Wages. 

By J.E.Thorold Rogers. 208 pp. Unwin. 2s.6d.net 
A valuable condensation, in a popular form, 
of the late Professor Rogers’s “ Six Centuries 
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of Work aind Wages,” using the facts that have 
a bearing on present day life. The “ Six Cen- 
turies ” was itself an abridgement of Rogers’s 
most enlightening and painstaking work in 
eight volumes entitled “ A History of Agricul- 
ture and Prices in England.” A mine of infor- 
mation for those who regard history from 
economic and social standpoints. 

History of Civilisation. By Charles Seignobos. 3 vols. 

1303 pages. Fisher Unwin 5s. net per volume 
A wide survey of tho history of ancient, 
mediaeval, and contemporary civilisation — one* 
volume devoted to each period. Popularly 
written, with valuable references for supple- 
mentary reading. 

Facts and Comnrents. By Herbert Spencer. 205 

pages. Williams and Norgato . . Os. 

The last fruit from an old tree. Touches on 
many social subjects of present interest, and 
gives the great thinker’s last thoughts on tho 
ultimate questions of life. 

Progress of the German Working Classes. By W. J. 
Ashley. 164 pages. Illus. Longmans, ls.6d.net 
A collection of evidence to show how, in tho case 
of Germany, Protection has been hy no means 
inconsistent with a great advance. The author 
does not maintain that tho tariff measures of 
Germany are necessarily appropriate to Great 
Britain. Ho shows, indeed, tho futility of tho 
argument from comparison. 

Lombard Street. By Walter Bagehot. 350 pages. 

Smith and Elder 3s. 6d. 

An account of the money-market, and its 
relations to constitutional and commercial 
affairs. Tho money-market, Bagehot affirms, is 
no impalpable abstraction, but a concrete 
reality, and must be discussed as such. Bank- 
ing in commerce, and its basal position in all 
enterprise, distinguishes modern methods com- 
pletely from nil previous methods. 

The English Constitution. By Walter Bagehot. 
292 pagcH. Kogan Paul ... . . 7h. Od. 

Describes the English Constitution as it stood 
in the years 18(55 and 1866, since which date, 
as the author points out, there have been many 
changes in spirit and in detail. This fact< 
hardly affects the value of the hook, however; 
it merely carries on tho process beyond its 
limits. The author discusses tho Cabinet; the 
Monarchy ; the House of Lords ; tho Houso of 
Commons; changes of Ministry, and their sup- 
posed checks and balances ; tho pre-requisites of 
Cabinet government, and tho peculiar form 
which they have assumed in England. 

The Greek Commonwealth. By Alfred E. Zimmern. 
452 pages. The Clarendon Press . . 8s. 6d. not 

An attempt to show clearly what Athens was 
really like in the fifth century before Christ. 
With full knowledge and keen insight the 
author discusses tho elements of citizenship as 
understood in Ancient Greece, the economics of 
town and country, and the problems introduced 
by extending enterprise and power. A 
scholarly, thoughtful, and sympathetic hook. 
Labour and Childhood. By Margaret McMillan. 
205 pages. George Allen . . 3s. 6d. 

Attempts a threefold task : first, to make clear 
the immediate work of the school doctor ; 
3econd, to show that hitherto the only con- 


tinuous education of tho race has been through 
work and experience; and, last, to explain what 
is being attempted by the school doctor to 
alter the conditions of child life. 

The Elements of Child Protection. By Sigmund Engel. 

276 pages. George Allen . . . . 15s. net 

Tho author studies the whole system of child 
protection from tho joint outlook of Socialism 
and Darwinism. Ho presents all the chief 
problems of his subject, and in each case 
attempts to supply a solution. 

Cash and Credit. By D. A. Barker. 143 pages. 
Illustrated. Cambridge University Press Is. not 
Tho writer describes bis book as an attempt 
to give a sketch of the theory of money in as 
most practical aspect, so as to provide a 
stopping-, stono to more detailed study. Ho 
describes cash and credit from the point of 
view of tho counter of a country bank. 

The Golden Bough. By J. G. Frazer. Illustrated. 
Macmillan. Seven vols. . . 10s. not per vol. 

The most famous of all works on comparative 
religion, in any language, hut, in tho opinion 
of most students, somewhat too hypothetical. 
Tlie book is, however, so charming that tho 
reader does not very much care how far it is 
true; and no one will ever sift truth from 
error in this difficult subject. Facts from all 
times and places, the ancient and modern world, 
savages and civilised peoples, .are here brought 
together to illustrate that inscrutable mystery 
of religion — the sacrifice. And they are delight- 
ful facts, too: tho popular festivals of peasants 
in spring, midsummer, and harvest; the religion 
of woodmen and husbandmen and their cult of 
trees, and especially the “ golden hough,” and 
all kinds of sad, sweet, old pagan stories. Tho 
hook has now developed into seven parts, pub- 
lished separately. (1) “ The Magic Art and 
Evolution of Kings.” (2) “Taboo, and the 
Perils of tho Soul.” (3) “The Dying God.” 
(4) “ Adonis, Attis, Osiris.” (5) “ Tho Spirits 
of the Corn and of the Wild.” (6) “The 
Scapegoat.” (7) “Balder tho Beautiful.” 

Economic Studies. By Walter Bagehot. 280 pages. 
Longmans . . . . . . . . 3s. 6(1. 

These essays were published after tho author’s 
death, and do not represent a complete treat- 
ment of the subject; hilt they form a lucid 
and thoughtful study of some important aspects 
of political economy. 

Rural Denmark and Its Lessons. By H. Rider Haggard. 

325 pages. Longmans 3s. 6d. 

An inspiriting examination of the causes of tho 
remarkable prosperity of the smallholders and 
farmers of Denmark. Two or three far-seeing 
men managed to induce the Danish peasantry to 
co-operate in marketing their produce, with the 
result that they are now one of the most flour- 
ishing classes of men in Europe. 

Rural England. By H. Rider Haggard. Two vols. 
Longmans . . . . . . . . 12s. net 

An account of agricultural and social researches 
carried out in 1901 and 1902. A most valuable 
document on the condition of the countryside, 
full of facts hearing on the chief problem of 
modern English life. Here is an arsenal of 
facts for all interested in the resurrection of 
the British peasantry. 
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The Criminal. By Havelock Ellb. 357 pages. Illus- 
trated. Scott 6s. 

A. critical summary of the results of the science 
now known as criminal anthropology, or the 
study of the criminal as he is in himself, and 
as he becomes in contact with society. The 
author lias brought together a large amount 
of evidence which has been collected in regard 
to the physical and psychical characteristics of 
criminals. The author deals with the treat- 
ment of criminals, and shows that intellectual 
education is of no value; physical and moral 
education and such training as will enable a 
person to play a part in social life are needed. 
The Stock Exchange. By Francis W. Hirst. 252 
pages. Williams and Norgato . . Is. not 

This “ short history of investment and specula- 
tion,” by the editor of the 11 Economist,” gives 
a vivid account of banking, stock-jobbing, the 
London Stock Exchange, Wall Street, good 
securities, and the art of investment, specula- 
tive securities, and modes of speculation, and 
other related subjects. 

Evolution of Modern Capitalism. By J. A. Hobson. 

450 pages. Scott 6 h. 

In this work Mr. Hobson traces the origin of 
modern capitalism; the instrument by which it 
works machinery ; the structure of industry 
before machinery ; the development of machine 
industry; the structure of modern business, 
trades, and markets ; combinations of capital ; 
industrial depression ; the demand for hibour, 
and the quality of labour; the economy of high 
wages; and the effects of modern industry on 
workers as consumers. A clear and well- 
balanced statement. 

Custom and Myth. By Andrew Lang. 512 pages. 

Illustrated. Longmans . . . . 3s. 6d. 

Consists of studies, in popular language, of some 
of the most interesting of primitive beliefs, 
fables, and ritual, including the bull-roarer; 
various aspects of taboo; the equivalents of 
some Greek myths among savages ; star myths ; 
the early history of the family; the art of 
savages, etc. The subjects chosen have almost 
all a very wide appeal, and they are treated in 
a manner which makes pleasant reading. 

Magic and Religion. By Andrew Lang. 316 pages. 

Longmans 10a. 6d. net 

A series of essays, forming a connected study 
of early religion, ritual, magic, and myth. Mr. 
Lang's own idea was that the earliest trace- 
able tone of religion was relatively high, and 
that it was inevitably lowered in tone during 
the process of social evolution. 

The Dawn of Civilisation. By Sir G. Maspero. 800 
pages. Two vols. Illustrated. English transla- 
tion by M. L. McClure. S.P.C.K. . . 24s. 

This great work, by a master of Egyptian 
science and of Oriental history and arclite- 
ology, describes the ancient civilisations of 
Egypt and Chaldcea. 

Riches and Poverty. By L. G. Chlozza Money. 349 

pages. Methuen . . . . 5s. net 

A scathing indictment of the unequal and un- 
just distribution of wealth in the British Isles, 
full of dreadful facts, and offering practical 

^ sals which, after all, appear inadequate 
3 evi) situation. 
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Primitive Folk. By Elie Reclus. 336 pages, lllus. 

t. ated. Scott 3s. fkl. 

Monsieur Iteclus attempts to draw the ethnic 
individualities of a number of the more primi- 
tive races — races that are as children, with the 
intelligence of a child. He chooses his subjects 
from all climates between the extremest polar 
regions and the equator. Ti;e book as a record 
of life is interesting, and still more as giving 
many forms of develpoment of the mind of 
primitive man. 

Six Centuries of Work and Wages. By J. E. Thorold 
Rogers. 591 pp. Fisher Unwin . . 10s. ft l 

A master work on English labour and social 
conditions, rural and urban, giving a profound 
and comprehensive view of the whole situation 
as the author knew it. 

The English Village Community. By Frederic 
Seebohm. 453 pages. lllus. Longmans. 4s.6d.net 
A historical survey of the old land systems of 
England, showing the prevalence of the open- 
field system throughout Great Britain in the 
Middle Ages, and describing the manorial 
system, the tribal system, and various local 
systems; also tracing the development of serf- 
dom out of the manorial system. A valuable 
book for the real student of social conditions. 
Totemism. By J. G. Frazer. Four vols. Mac- 
millan 50s. net 

This pioneer book on the obscure subject of 
totemism was prepared by Mr. Frazer for the 
“ Encyclopaedia Britannica,” but only a part 
of it was included in that work. The materials 
accumulated upon the author so that be had 
to publish them in a separate treatise. The 
work deals with the religious, sexual, and social 
aspects of totemism. 

The Making of Citizens. By R. E. Hughes. 405 

pages. Scott 6s. 

A well-considered and interesting informational 
survey of the primary and secondary school 
systems of England, Germany, Franco, and the 
United States, with chapters on the education 
of girls and of defective children. Mr. Hughes 
wisely shows that each system can only be 
understood in its own setting, as an expression 
of national idiosyncracios. 

Railways. By E. R. McDermott. About 200 pages. 

Methuen 2s. fid. net 

A brief history of railways and their develop- 
ment, and an account of the business of rail- 
ways, and their relation to the public. 

Our Ocean-Railways. By A. Fraser-Macdonald. 
266 pages. Illustrated. Chapman and Hall 6s. 
An interesting account of the rise, progress, 
and development of ocean steam navigation, 
from the fifteenth century onward, with 
details of the many stages of this development 
popularly told. 

The Anarchists. By E. A. Vizetelly. 308 pages. 

Illustrated. Lano 10s. 0d. net 

Anarchism is not merely insane violence and 
destruction, but has conviction and goodwill 
behind it, even though these he utterly mis- 
taken. The Utopian creed of the Anarchist is 
well set forth here. It is to replace the present 
system of oppressive laws by a state of common 
brotherly customs. The history of the move- 
ment, with life stories of individual Anarchists. 
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Capital. By Karl Marx. English translation by 
‘ S. Moore aM E. Aveling. 800 pp. Glaishcr. 10s. 6d. 
One of the most famous of all works on 
economic science, and the basis of many Socialist 
arguments. It consists of a comprehensive 
critical analysis of capitalist protection and its 
effects, with a dramatic picture of the irresistible 
march of capitalism. 

The Effects of Machinery on Wages. By J. Shield 

Nicholson. 143 pages. George Allen Is. net 

The author wrote as Professor of Political 
Economy in Edinburgh University, and here 
discusses machinery in its various aspects in 
relation to labour — tlio substitution of machin- 
ery for labour; machinery as auxiliary to 
labour; its effect on the division of labour; its 
influence in bringing about the concentration 
of labour and capital, and its effect on the 
mobility of capital and labour. A book of 
arguments rather than facts. 

Money and Its Relations to Prices. By L. L. Price. 

200 pages. George Allen . . . . Is. net 

An inquiry into the causes, measurement, and 
effects of changes in general prices, with a con- 
sideration of the economic effects of these 
changes, the rise of prices consequent on the 
discovery of America and other “ realms of 
gold.” 

Land Nationalistaion. By Alfred Russel Wallace. 

252 pages. George Allen. . . . . 2s. (id. 

A survey of the English land system, and a com- 
parison of the system of landlord and tenant 
with that of occupying ownership. The effect 
of the influence of both systems on the welfare 
of the people is discussed, and land nationalisa- 
tion is held to be a necessity. 

The Co-Operative Movement in Great Britain. By 

Mrs. Sidney Webb. 260 pages. George Allen. 2s. Hd. 
A book written in tho days when the author 
was Miss Beatrice Potter, but many times 
reprinted. It describes the origin and growth 
of the British co-operative movement as an 
aspect of the larger movement towards indus- 
trial democracy, and introductory chapters give 
a general view of the condition of the working 
classes early in the nineteenth century. 

Essays, Scientific, Political, and Speculative. By 

Herbert Spencer. Three vols. Williams and Nor- 

gate 30s. 

The most entertaining of Spencer's works. 
Forms an excellent introduction to tho study 
of his line of thought. The principle of evolution 
is applied to the study of the lighter side of 
social affairs, such as fashions and manners and 
music and architecture. Has many personal 
touches, and covers a wide field of attraction 
to all who are interested in life. 

Education as a Science. By Alexander Bain. 453 

pages. Kegan Paul . . . . . . 5s. 

A survey of the teaching art from a scientific 
point of view\ The fruits of ordinary experi- 
ence are tested and amended and brought under 
the ascertained laws of the mind. One part is 
<levoted to the bearing of the intellect and 
emotions on education, and the place of tho 
various sciences in the training of tho mental 
faculties is considered. A brilliant attempt to 
reform the methods of education in the light of 
modern psychology. 


The Study of Sociology. By Herbert Spencer. 423 

pages. Williams and Norgato . . 10s. 6d. 

A summary and at points a development of tho 
larger work, “The Principles of Sociology.” 
But it has a special value for all students of 
society, in that Spencer makes it a survey of 
all the main problems and difficulties connected 
with the now social science, and many of his 
remarks have not lost their force. 

Descriptive Sociology. By Herbert Spencer, David 
Duncan, Richard Scheppig, and James Collier. Eight 

vols .. £7 i 5a. 

AtT enormous collection of facts relating to the 
various races and nations of mankind, collected 
by a band of scholars under Herbert Spencer's 
direction, and arranged and classified by the 
famous thinker. The work is intended to 
supply the student of social science with facts 
upon which to work. 

Social Statics and the Man versus the State. By 
Herbert Spencer. 424 pages. Williams and Nor- 

gate 10s. 

In this volume Spencer unites some of his 
earliest and latest ideas. Published first in 
1850, “Social Statics” is more brilliantly 
written than Spencer’s other sociological works, 
hut, although it contains the germs of many of 
the ideas of the synthetic philosophy, it also 
contains much that Spencer outgrew. The later 
work, “ Man and the State,” asserts the rights 
of the individual against the increasing regula- 
tive powers of governments. 

The Principles of Sociology. By Herbert Spencer. 
Three vols. Williams and Norgato . . £2 15s. 

A work that founded a new seienco. In it 
Herbert Spencer brings all the affairs of society 
under the law of evolution, and shows that 
nations and states cannot he ready-made, hut 
are gradually formed by a process of develop- 
ment. In spite of the length of the work, it 
it uncommonly readable, as it deals with matters 
of vivid interest and wide appeal. 

The Ancient Stone Implements, Weapons, and Orna- 
ments of Great Britain. By ‘Sir John Evans. 747 
pages, illustrated. Longmans . . 10s. Od. net 

The standard work on the prehistoric instru- 
ments of the early inhabitants of Great Britain. 
A cautious and painstaking man of science, Sir 
John Evans has tried to reduce to order the 
various small objects of human manufacture 
found in the river gravels, caves, and haunts 
of the primitive Briton. 

Principles of Western Civilisation. By Benjamin 
Kidd. 518 pages. Macmillan .. 5s.net 

Presents European civilisation as a developing 
system of life, with more organic unity than 
any of the nations or states included in it, 
and with a special meaning and purpose of its 
own. The purpose is to build up a bettor 
state of things in the immediate future; a pro- 
jected efficiency that calls out the noblest 
energies of the race, and gives value and mean- 
ing to the self-sacrificing acts of the individual. 

The Science of Law. By Sheldon Amos. 417 pages. 
Kegan Paul . . . . . . . . 5s. 

Written for the general reader. Gives a 
sketch of the history of the science of law since 
Bon th a m, deals with law and morality, the 
growth of law, and defines the principal legal 
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terms. Outlines the laws of property, the law 
of contract, criminal law, and civil procedure. 
There is a section on international law and a 
concluding chapter on law and government. 
Physics and Politics. By Walter Bagehot. 224 pages. 

Kogan Paul 5s. 

A brilliant attempt to apply some principles 
of modern biology to the study of political 
society. Suggests that imitation, unconscious 
as well as conscious, is a great social force. 
Discusses the use of conflict in the making of 
nations and the development of culture. 
Shows that slight causes may change a people 
from the stationary to the progressive state 
of civilisation, or the converse. 

Money and the Mechanism of Exchange. By W. 
Stanley Jevons. 349 pages. Kogan Paul 5s. 
A descriptive essay on the ancient and modern 
monetary systems of the world, and the method 
in which the use of money is immensely 
economised by the cheque and clearing system 
now being developed and perfected. Explains 
the functions of money, the mechanism of 
exchange, promissory notes, and the means of 
regulating a paper currency. 

The Primitive Family in Its Origin and Development. 
By C. N. Starcke. 315 pages. Kegan Paul 5s. 
Aims at ascertaining the nature of the primi- 
tive family, and points out the ideas on which 
it is based and the germ of moral growth it 
contains. Gives the theories of McLennan and 
Maine, and surveys the family arrangements 
of savages in all parts of the world. Discusses 
marriage and its development, and the dissolu - 
tion of the family in the clan. 

The Oldest Code of Laws in the World. By C. H. W. 

Johns. 88 pages. T. and T. Clark ls.0d.net 
A complete text of the legal code of Hammurabi, 
King of Babylon, about 2000 b.c. The dis- 
covery of this code was hailed as the greatest 
event in Biblical arclueology for many years. 
Dr. Johns is one of . the highest living authori- 
ties in this branch of knowledge. 

Remains of the Prehistoric Age in England. By 
Sir Bertram C. A. Whldle. 322 pages. Illustrated. 
Methuen . . . . . . . . 7s. 0d. net 

A popular survey of the material relics of the 
prehistoric period still to be seen in this 
country. Deals with stone implements, bronze 
instruments and ornaments, barrows, stone 
(monuments and circles, earthworks and 
villages. A comprehensive, useful, and cautious 
summary of modern researches. 

The Adjustment of Wages. By W. J. Ashley. 362 

pages. Longmans 12s. 6d. net 

A study in the coal and iron industries of Great 
Britain and America. Gives a survey of exist- 
ing conditions that help to a solution of tho 
problem. Shows that Americans have some- 
thing to learn from English conciliation boards, 
and Britishers something to learn from Ameri- 
can “ scales,” as in machine-mining rates. 
Deals generally with the position of organised 
labour and capitalistic syndicates and trusts. 

An Introduction to English Economic History and 
Theory. By W. J. Ashley. Longmans. 15s. 6d. 
Deals with the village community, the 
merchant and craft guilds, the supremacy of 
the towns, the agrarian revolution, and the 
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Tudor enclosures. Covers the period from the 
Norman Conquest to the sixteenth century. An 
admirable work, introducing the genera] reader 
to the study of great natural forces, often 
neglected in ordinary historical books. 

Things that Matter. By L. G. C. Money, M.P. 2m 

pages. Methuen 5s. mt, 

A collection of essays on social and economic 
questions, by a writer of authority with a clear 
style and an original mind. The aim of tin* 
hook is to direct attention to the problems and 
dangers which demand the grave attention of 
the nation. Deals with wages and industry, 
prices and the cost of living, education ami 
insurance, emigration and foreign investments. 
Prehistoric Peoples. By the Marquis de Nahalllac. 
412 pages. Illustrated. Putnam . . 12s. Oil. 

Claims to he an epitome of the manners and 
monuments of prehistoric peoples. Discusses 
the time and duration of the Stone Age; the 
life and habits of the people; their weapons and 
industries ; tho origin of fire, clothing, ami 
ornaments; the beginnings of art and social 
organisation; tho setting up of camps and 
fortifications; and the dawn of surgery. 

Social Evolution. By Benjamin Kidd. 385 page* 
Macmillan . . . . . . . . 7s. 6d. net 

The forces working in the evolution of society, 
on the whole, effecting the greatest good of the 
greatest number in a progressive community. 
But the greatest number is comprised of tin* 
members of generations yet unborn or un- 
thought of, and to whose interests the existing 
individuals are usually quite indifferent. So 
the social forces work for future generations 
more than for existing members of a society. 
Betting and Gambling : A National Evil. By B. S. 

Rowntree. 262 pages. Macmillan . . (id. 

This valuable informational book is written by 
a number of well-known publicists, such ms 
M r. J. A. Hobson, Mr. ltamsay MacDonald, and 
Canon Horsley, as well as by Mr. Seebohm 
Itowntree, the editor. It shows the extent of 
gambling, and exposes its moral weakness. 
Philanthropy and the State. By B. Kirkman Gray. 
339 pages. P. S. King . . . . 7s. lid. 

A posthumous work, edited and expanded by 
Miss B. L. Hutchins. The author seeks to 
illustrate the historical passage from philan- 
thropy to social politics. At present, he holds, 
no consistent doctrine as to the relation of the 
State to the weaker classes of society holds tho 
field. The thesis he maintains is that private 
philanthropy cannot provide a remedy for 
widespread want, which results from broad and 
general causes; and that the provision of 
remedies is a proper responsibilty for the State. 
The Struggle of the Nations. By Sir Gaston C. C. 
Maspero. 806 pages. Illustrated. S.P.C.K. 25s. 
Deals with the contest for leadership between 
ancient Egypt, Assyria, and Syria, and the 
conquest of the Egyptians by the mysterious 
shepherd kings. Describes the early Chaldwau 
expeditions, and Egypt's first foreign wars. 

A History of Factory Legislation. By B. L. Hutchins 
and A. Harrison. 298 pages. P. S. King 6" I 
This very useful general sketch of the story 
of factory legislation, from the days of the Poor 
Law of Elizabeth to 1910, has deserved and 
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achieved considerable popularity. To the latest 
edition Mi 1 . Sidney Webb contributes a preface, 
and briefly retells the story. The coming of 
the factory system is a phenomenon which 
every thoughtful citizen should understand. 
This book provides the materials. 

Sweating. By Edward Cadbury and George Shann. 

145 pages. Headley Brothers . . Is. 

The writers give, in brief yet systematic form, 
the facts and theories of sweated industries. As 
they intend the book primarily for working 
men, they have avoided the use of technical 
terms. Sweating as practised in tho past and 
as * understood at present is defined. Tho 
economic cost of it is set forth, and the causes 
are traced. Lastly, remedies are drafted. 
Model Factories and Villages. By Budgett Meakin. 

480 pages. Illustrated. Unwin . . 7s. fid. 

A study of healthy conditions of labour and 
housing, not from a theoretic standpoint, but 
from “ actual experience of money-making 
men. 1 ’ Discusses social valuations, buildings, 
workrooms, and recreations, educational ques- 
tion and administrative problems, and gives 
accounts of model villages abroad. 

The Passing of the Empires. By Sir Gaston C. C. 

MasperO. 836 pages. Illustrated. S.P.O.K. 25s. 
The third and concluding volume of tho “ Dawn 
of Civilisation.” Deals with tho period in which 
the Egyptians gave way before the prowess of 
Assyria, Babylonia, and Persia, while tho 
Grecians were busy laying tho foundations of 
modern science, thought, and art. 

A Short History of Ancient Peoples. By Robinson 

Souttar. 728 pages. Maps. Hoddcr and Stough- 
ton 12s. 

Professor Sayce writes an introduction to a 
volume well worthy of his compliment. A 
picturesque and concise account of that new-old 
world which modern discovery and research have 
disclosed. The history of each people is told 
completely in itself — Egypt, Babylon, Assyria, 
the Medes and Persians, the Hebrews, 
Phoenicia, Carthage, Greece, and Rome. 

Garden Cities of Tomorrow. By Ebenezer Howard. 

167 pages. Illustrated. George Allen. is. net 
An interesting and inspiring little book, by the 
founder of the garden city movement. Shows 
how the attraction of the town and the attrac- 
tions of the country may be combined to avoid 
the defects of urban and rural life. 

The Control of the Tropics. By Benjamin Kidd. 101 

ages. Macmillan . . .. . . . . 3s. 

e inheritance of the tropics is regarded as the 
great object of international rivalry in the 
future. Denies that the coloured races, left to 
themselves, possess the qualities necessary to 
the development of the rich resources of tho 
lands they liavo inherited. Holds that the 
European races will realise that the tropics 
must be ruled from the temperate regions. 

Land and Labour Lessons from Belgium. By B. 

Seebohm Ro wntree. 033 pages. Macmillan. 5s. net. 
The author has set himself tho task of investi- 
gating the connection between social conditions 
and the methods of holding land in various 
countries, but for the present concentrates on 
Belgium. There he has studied the main 
aspects of social and economic life for four 


years, with the result that the land system is 
described in detail — industrial questions, with 
the wages paid, arc considered; agriculture is 
treated at considerable length, with transport 
facilities, taxation and education ; and further 
such subjects as the standard of living, housing, 
destitution, and unemployment are discussed. 
An admirable book, packed with information. 
The Nemesis of Nations. By W. Romaine Paterson. 

348 pages. Dent 10s. fid. net 

Tho author holds that slavery was the founda- 
tion of ancient states, and bis book deals with 
the law of slavery as the first law of nations, 
namely, “ that masters have the power of life 
and death over slaves, and whatever the slave 
earns he earns for his master. ” Later he proposes 
to show how slavery became serfdom, and serf- 
dom has become poverty. Meantime, he traces 
the effect of slavery oil the ancient world, in 
Hindustan, Babylon, Greece, and Rome. 

Rough Stone Monuments and Their Builders. By T. 

Eric Peet. 172 pages. 111. Harper. 2s. fid. net 
Written to enable those interested in Stone- 
henge and other great primitives monuments 
of Britain to learn something of similar build- 
ings existing in different parts of the world. 
A summary of the latest researches on the sub- 
ject, by one of the leading authorities of the 
younger generation . 

Sweated Industry. By Clementina Black. 281 pages. 

Duckworth. . . . . . . . . 2s. net. 

“ Sweating ” is applied in this hook to any 
method of work under which the workers are 
extremely ill-paid or extremeinly overworked. 
Miss Clementina Black has a remarkable know- 
ledge of tho subject, and brings together 
startling facts respecting “ the poorest of all,” 
workers in factories, shop-assistants, clerks, 
waitresses, traffic workers, and wage-earning 
children. She also discusses at length the 
question of a minimum wage. 

EUGENICS 

Human Welfare. Social Betterment. 
Future of the Race. 

Heredity and Eugenics. By J. M. Coulter and others. 

312 pages. Illustrated. Cambridge University 
Press . . . . . . . . . . 10s. 

This book, tho work of leading investigators in 
the now science of eugenics, is written for the 
general public, and presents the latest con- 
clusions in an interesting way. Several notable 
pedigrees of families are given. 

Love and Marriage. By Ellen Key. 399 pages. 

Putnam fis. net 

A famous work on the chief social problem. 
Tho matter is regarded by the writer from the 
point of view of motherhood, and all customs 
and laws regarding the relations of the sexes 
are studied as they affect tho children. 

Report of the Inter-Departmental Committee on 
Physical Deterioration. 177 pages. Government 
publication . . . . . . . . Is. 3d. 

A weighty State document which no student of 
national welfare can afford to ignore. 

The Town Child. By Reginald A. Bray. 255 pages. 
Unwin . . . . . . . . . . 3s. fid. net 

An interesting and profound study of the 
influences which are at work moulding the 
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character and outlook of the town child ; of the 
reciprocal action of environment on man and of 
man on environment ; and of the social im- 
portance of the family life and other real small 
associations in which the child grows up. 

Heredity in Relation to Eugenics. By Charles 

Benedict Davenport. 298 pages. Illustrated. 

Williams and Norgate . . . . . . 8s. 6d. net 

In this important pioneer work, the Director of 
the Department of Experimental Evolution in 
the Carnegie Institution of Washington lays 
down a method, on Mendelian lines, for the 
study <if heredity. He holds that for a long Umo 
investigation must he the watchword, and he 
seeks to show how the investigation may be most 
profitably carried on. A book of extreme 
interest and high value. 

Hereditary Genius. By Sir Francis Galton. 406 pages. 

Macmillan. . . . . . . . . 7s. net 

This work, by the “ father of eugenics,” is a 
statistical consideration of the question whether 
genius be hereditary or no, and incidentally of 
many kindred questions. Some three hundred 
families are dealt with, containing between 
them nearly a thousand eminent men, illus- 
trating various kinds of genius. 

Inquiries into Human Faculty and its Development. 

By Sir Francis Galton. 250 pages. Dent. Is. net 
An important work by the pioneer of eugenics, 
who says in his introduction that his object has 
been “ to take note of the varied hereditary 
faculties of different men, and of the great 
differences in different families and races, to 
loam how far history may have shown tlm 
practicability of supplanting inefficient human 
stock by better strains, and to consider whether 
it might not be our duty to do so by such efforts 
as may be reasonable.” 

The Children of the Nation. By Sir John E. Gorst. 

297 pages. Methuen . . . . . . 7s. (id. net. 

The various problems concerning the welfare of 
children, such as their physical fitness, educa- 
tion, training, are here weighed and fully dis- 
cussed from the point of view of their importance 
to the well-being of the State. The extremely 
bad policy of neglecting the children in any way 
is pointed out under every aspect. 

Education and Heredity. By J. M. Guyau. 301 

pages. Scott . . . . . . . . 3s. Gd. 

The main value of Monsieur Guyau’s work is to 
be found in the point of view from which it is 
written. The ultimate good of society is ever 
present to his mind as the one standard by which 
to estimate all educational aims and methods. 
He hold that the good of the individual is only 
to be found in social activity, and that the 
education is misplaced which does not tend to 
the progress of the race. He therefore gives 
the highest value to ethical education. • 

The Bitter Cry of the Children. By John Spargo. 

337 pages. Illustrated. Macmillan . . Cm. Gd. net 
A weighty hook in the campaign against the 
destruction of child life, based on investigations 
in America, hut largely international. The 
writer deals with the school child, the working 
child, the provision of pure milk, classes for 
girls, supervision of patent foods, abolition of 
child labour, etc. 
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The Dependent, Defective, and Delinquent Classes. 
By C. R. Henderson. 397 pages. Harrap. 7s. Gd. 
A valuable study of the social treatment of tin* 
unlit, by the Professor of Sociology in tin* 
University of Chicago. A fresh and interesting 
work on all forms of social endeavour. 
Degeneracy. By E. S. Talbot. 366 pages. Illus- 
trated. Scott . . . . . . . . Gs. 

Only in recent years has the explanation of 
degeneracy been scientifically traced And its 
factors identified. Here Dr. Talbot brings to- 
gether his notion of tho causes of arrested 
development and various forms of abnormality. 
The book is for professional and popular reading. 

Child Life and Labour. By Margaret Alden. 181 

pages. Headley Brothers . . . . Is. 

A very useful little book, pervaded by a fine 
sense of humanity. It brings together much 
information respecting the exploitation of child- 
life and its necessary defence*. There are sum- 
maries, excellent for reference, of societies deal- 
ing with the subject of legislation, and hooks. 
The Methods and Scope of Genetics. By William 
Bateson. Cambridge University Press. Is. Gd. net 
Genetics is Professor Bateson’s name for the 
philosophy of heredity and variation, and this 
study of genetics is the author’s inaugural 
lecture on his appointment to the Darwin Chair 
of Biology at Cambridge. It forms an excellent 
introduction to Mendelism, and embraces a 
vigorous and convincing advocacy of eugenics. 
Marriage and Motherhood. By H. S. Davidson. 
Jack .. .. .. .. .. .. Gd. 

The writer warns the expectant mother, very 
wisely, against seeking advice from elderly, 
gossiping women, who are full of a wondrous 
lore on the mysteries of maternity, which con- 
sists chiefly of foolish and sometimes harmful 
superstitions. To remove the need for going to 
such contaminated sources for information, Dr. 
Davidson tells dearly all that is most necessary 
for a prospective or actual mother to know. 

A Study of British Genius. By Havelock Ellis. 314 

pages. Hurst and Blackett . . . . 7s. Gd. 

The greater part of the book is devoted to the 
arrangement and collection of all available 
facts, the Dictionary of National Biography 
being the source of most of the materials. Con- 
dudes that the characteristics of men of genius 
are probably independent, to a large extent, of 
the particular field in which their ability is 
shown. Youngest and eldest children are 
generally tho most gifted. 

Memories of My Life. By Francis Galton. Methuen. 
10s. Gd. 

A model autobiography of the founder of the 
science of eugenics. The life-story is so closely 
woven with the philosophy of human welfare 
that it must be studied. The last five chapters 
bear largely on eugenics, especially the last 
two, which deal with race improvement. 
Wastage of Child Life. By J. Johnston. 95 pages. 

A. C. Fi field Gd. 

A splendid little book on the awful wastage of 
life involved in neglected childhood. Dr. 
Johnston illustrates bis case by conditions in 
Lancashire, which are, of course, exceptional. 
Much of the book is generally applicable to 
other parts, and it is a terrible book to read. 
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Essays in Eugenics. By Sir Francis Galton. Eu- 
genics Education Society Is. (kl. 

A collection of essays issued by tbc Eugenics 
Education Society to neutralise misrepresenta- 
tions of eugenics by writers in tbc Press who 
misapprehend its purpose. Jt contains several 
lectures and papers by its author that are un- 
obtainable in any other form. The author 
explains clearly ’what Eugenists do and what 
they do not seek to attain. 

The Health of the School Child. By W. Leslie 
Mackenzie. 127 pages. Methuen . . 2s. (kl. 

A useful study of what may ho done through 
the medical inspection of school children. The 
experience of the author has been gained in 
Scotland, and lie is also acquainted with German 
organisation of school inspection from a medical 
point of view. A most careful sketch of a most 
hopeful movement. 

Parenthood and Race Culture : an Outline of Eugenics. 
By C. W. Saleeby. 331 pages. Cassell. 7s. (kl. net 
An attempt to survey and define the whole field 
of the new science of improving the race of 
human beings. Shows that eugenics is at once 
a science and a religion, based upon the. laws 
of life, and recognising in them t lie foundation 
of society. The author contributes the Eugenics 
section to “Popular Science.” 

Public Control of the Liquor Traffic. By Joseph 

Rowntreeand A.Sherwell. 326 pp. Richards. 2s. (kl. 
An examination of the public management of 
the liquor traffic, with special reference to what 
lias been done in this connection in Sweden and 
Norway. The authors, after a full examination 
of the subject, favour company management. 
Public Health and Housing. By John F. J. Sykes. 

216 pages. P. S. King .. .. .. 5«. 

This hook divides itself into three parts : the 
ascertained effects upon health of certain con- 
ditions of habitation; construction and miscon- 
struction of human dwellings; and usage and 
misusngc. A thoughtful hook, the outcome 
of wide experience on a serious problem. 

The Drink Problem in its Medico - Sociological 

Aspects. Edited by T. N. Kelynaek. 300 pages. 

Methuen . . . . . . , 0d. net 

A survey of the main problems of modern lile 
from many points of view. All the writers 
speak with authority. Many points of interest 
are raised, and the individual contributors have 
not hesitated to express their views on matters 
on which a disagreement ol opinion exists; hut 
throughout the volume a truly scientific pre- 
sentation of the subject is attained. 

Infant Mortality. By Sir George Newman. 366 pp. 

Methuen f 7s - r 4 

Brings the essential facts of tins national 
question down to 1906, when Sir George New- 
man set the annual loss to Great Britain by the 
deaths of infants at 120,000 lives. J lie book 
shows how a high infant mortality rate almost 
necessarily denotes a prevalence of conditions 
which, in the long run, determine racial 
degeneration. Tho effects of occupation of 
women are traced as bearing on the death-rate, 
tho influences of domestic and social conditions 
are considered, and the feeding and manage- 
ment of babies discussed. Preventive methods 
are suggested, working through (1) the mother, 
(2) the child, (3) the environment. 


Problems of Boy Life. Edited by J. H. Whitchouse, 
M.I\ 342 pages. P. S. King .. HR 6d. 
This volume comprises eighteen thoughtful 
chapters by different observers, each discussing 
some phase of difficulty in the case of the hoy 
who is trying to fit himself into the great 
industrial world. That it is high time for tho 
working life of the child and young person to 
be taken over by the public for supervision and 
training is inado abundantly clear. Tho 
volume gains freshness from its varied author- 
ship, each writer being ail enthusiast. 

The Temperance Problem and Social Reform. By 
Joseph Rowntree and Arthur Sherwell. 81f> pages, 
illustrated. H odder and Stoughton . . 6s. 

Shows how the temperance question has a hear- 
ing on social reform at many points, and 
supplies an invaluable fund of information for 
the student of social amelioration and the 
politician. There is a notable absence of the 
spirit tli at makes out a case at any cost. 

Medical Examination of Schools and Scholars. Edited 
by T. N. Kelynaek. 434 pages. King. HR (kl. 
In this hook thirty-six contributors add together 
their special experience of the work of the 
doctor in schools. The aim is essentially prac- 
tical; that is, to provide a complete guide for 
school medical officers, and to give educa- 
tionalists an authoritative exposition of the 
methods by which tile best use may he made of 
the existing machinery. Administration and 
organisation are discussed, as well as the main 
theme of school hygiene. 

Alcoholism : A Study in Heredity. By G. Archdall 
Reid. 294 pages. JlnJJiero . . . . (R net 

Setting out from tho theory that acquired 
characters are not handed on hy parents to 
children^ the writer regards the temptation and 
disorder of alcoholism as a selective force that, 
is working through tho human race, and slowly 
eliminating the less resistant stocks. 

Alcoholism : a Chapter in Social Pathology. By W. C. 

Sullivan, M.D. 214 pages. Nisbot. 3s. (kl. net 
Givi's in a clear, concise form a summary of 
the main facts of the drink question, especially 
in regard to tho connection of alcoholism with 
industrial conditions. Traces a fifth of the 
suicides of the country to constant intemper- 
ance, and three-fifths of the homicidal crime to 
tlio same cause. Holds that chronic; intoxication 
is not duo to convivial drinking, hut to the use 
of alcohol as a stimulant to muscular work. 

The Feeble-Minded. By E. B. Sherlock. 347 pages. 

Illustrated. Macmillan .. .. 8s. (kl. net. 

A guide, to study and practice. Deals with the 
large class of human beings who do not appear 
to have attained the average mental level. 
Earlier chapters concerned with psychological 
and physical traits that are believed to he 
connected with mental happenings. Traces the 
causation of feeble-minded ness, discusses the 
facts of heredity in relation to it, and gives 
advice in the handling of tho feeble-minded. 

PRICES OF BOOKS. 

It should he remembered that in practically oil 
ca-es, whether stated or not, the price of shilling 
and sixpenny hooks is net. “Cheap Editions” 
indicates that seveial editions exist. 
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PLATES IN POPULAR SCIENCE 

The Conqueror of the Earth -Will lie Master the Sun? .. .. ..frontispiece, Vol. i 

Has Man a Brother in the Skies? .. .. .. .. .. ? . .. facing _ ] 

The Beating Heart of a Great Industrial Nation .. .. .. .. .. ,, 32 

The Rise of Man and llis Conquest of Natural Forces .. .. .. .. ,, (i^ 

The Transformer of Society . . - .. .. .. .. .. .. .. t , 120 

The Gates of Dawn .. .. .. .. .. .. .. .. .. f , 121 

The Furnaces in which the Strongest Thing Men can Make would Run like 

Water . . . . . . . . . . . . . . . . . . . . . . tl 22N 

Can Science Colonise the Tropics ? . . . . . . . . . . . . . . ,, 233 

An Ideal Section 50 miles in the Earth, Showing the Rocks, the Forces that Split 
Them, and the Molten Furnace inside the Earth . . . . . . . . . . „ 272 

The Proud Bulwarks of Britannia . . . . . . . . . . . . . . ,, 367 

Phoebus Apollo Harnesses the Lions to the Chariot of the Sun . . . . . . ,, 433 

Six Thousand Million Miles of Glowing Gas, from which Earth and Her Companion 

Worlds Evolved .. .. .. .. .. .. .. .. .. .. ,, 513 

Woman -Mother of the World To Be.. .. .. .. .. .. .. ,, 0.|i 

The Spirit of Science, by Edwin Austin Abbey, B.A. .. .. .. frontispiece, Vol. 2 

The Wonder Packed in a Tiny Seed .. .. .. .. .. .. .. facing y(n > 

The Wonder Packed in a Pinpoint . . . . . . . . . . . . . . ,, 8(jy 

Galileo Discovering New Worlds .. .. .. .. .. .. .. „ 1017 

Underground Thoroughfares whose Crowds vie with the Bustle of the Streets .. ,, 1137 

A Fight for the Mastery of the Air .. .. .. .. .. .. .. ,, 1237 

The Monsters that Thunder Across the Continents, Racing rime .. .. ,, 14O3 

The Spirit of the Summit, by Lord Leighton . . . . . . . . frontispiece, Vol. 3 

A Great Picture of Portsmouth Harbour by the Master of Atmospheric Painting, facing 1.107 
The Desert Travellers Watch the Peril of the Dust Go By .. .. .. ,, 1O35 

The Centre of the Greatest Organisation in the Life of the British Empire Brought 

Before Our Eyes .. .. .. .. .. .. .. .. .. ,, 1831 

The Smiling Earth Gives Up Her Riches to Mankind .. .. .. .. ,, 1837 

Bringing the British Empire Within ('all . . . . . . . . . . . . ,, 2033 

The Flames that Rush Out from the Sun .. . . .. .. .. .. ,, 2007 

An Athlete Struggling with a Python . . . . . . . . . . frontispiece, Vol. 4 

Dark Lunar Seas and Shining Craters.. .. .. .. .. .. .. facing 2217 

The Face of London — the Bed in which Lies the Greatest City in the World . . ,, 2331 

The Gaiety of the Ocean Underworld .. .. .. .. .. .. „ 24811 

Gannets and Their Young on the Bass Rock During the Nesting Season .. „ 1U1 1 

Electrical Phenomena of the Mysterious Southern Seas . . . . . . . . ,, 2007 

The Fierce Light of a Battleship .. .. .. .. .. .. .. ,, 2803 

Mercury, the Roman God of Travellers and Merchants frontispiece, Vol. 5 

The Never-Ceasing Conflict Between Cunning and Speed .. .. .. .. facing 30 R> 

The Bee as a Fertiliser of Flowers . . . . . . . . . . . . . . ,, 3087 

X-Ray Photograph of a Girl’s Hand .. .. .. .. .. .. .. „ 32.13 

Making the Rough 1 ’laces Plain .. .. .. .. .. .. .. „ 3377 

Nature’s Beauty Revealed in Colour by Photography . . . . . . . . ,, 3483 

On the Borderland of Desolation .. .. .. .. .. . . .. ,, 354** 

The Hammerman, A Study in Sculpture, by C. Meunier . . . . . . frontispiece, Vol. (> 

Elegance and Beauty from the Waters .. .. .. .. .. .. facing 3701 

Slow-Dropping Veils of Thinnest Lawn .. .. .. .. .. •• 37**3 

A Lonely Member of the Insect World .. .. .. .. .. .. „ 3 ( M 1 

How Earth’s Central Fires Burst Out .. .. .. .. .. . . ,» 4200 

A Hobgoblin of the Spider Clan .. .. .. .. .. .. .. ,, 4183 

What the First Man Saw in the Eire .. .. .. .. .. .. „ 43 2 7 

Aristotle Discussing Life with Plato .. .. .. .. .. •• •• » 45 <)l * 

The World’s Most Humane Navigator.. .. .. .. .. .. .. „ 45 2 7 

The (dory of the Sea in the Sea’s Age of Glory .. .. .. .. .. „ 4A4 1 

T .earning to Listen for Disease .. .. .. .. . . .. .. .. 4753 

The Gorgeous East Revealed by Layard’s Excavations in Nineveh .. .. „ 4/t>3 

The New Highway Through the Air . . . . . . . . . . . . . . » 5°77 

A Lady Reading - Serena, by Romney .. .. . . .. .. .. » 5 0 ** 1 


ERRATA 


I'Al.K 

23 Near top of left-hand column, forthiee million miles, read 
three hundred million miles. 

3 Q7 For England, under lower picture, read Britain. 

The rainfall of 82‘8 i inches at Sydney in i860 is wrongly 
given for a day, being the record for the whole year. 

3057 On plate facing this page, for Stigma, read Stamen. 

3465 For Cephalopada, read Cephalopoda ; and for Octupuses, 
read Octopuses. 
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1’AtiiS 

3512 The reference to page 3611 should he to page 3511. 

3917 The figures as to vaccination in the Franco-derman War, , 
which have often been quoted, appear to be not well 
founded, and the Editor regrets having quoted them on 
the authority of a United States official document. 

4405 James Bruce, the explorer of Abyssinia, is here called “Sii 
J allies" in error. 
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This Indox pifVbracpR ill ust rat ioi 

A 

Aardvark, 301 
Aardwolf, 551 

Abbe, inventor of a microscope 071 
researches in glass, 3022 
“ Abbess, The Blind, 1 ’ painting by T. 
Hughes, 4083 

Abdomen, harmed by tight- clothing. 1433 
Abel, Sir Frederick, biography, 4455 
expert in explosives, 2111 
Aberdeen, granite quarries, 2780 
Ability, hereditary, 2215 
Aborigines, Australian, position of their 
women, 752 

Abruzzi, Duke of, biography, 4. wo, 430 L 
Abscess, cured by anti-staphylococcic 
serum, 4017 

Absent-mindedness, 1102 
Abstainers, their longevity, 2755 
Acacia, protected by ants, 2728 
Acanthus mollis, 2005 
seed-dispersal of, 2966 
Accumulator, electrical, 2531 
Acetanilid, a dangerous drug, 2158 
Acetic acid, 2510 
produced by a bacillus, 3070 
Acetone, by-product of synthetic rubber, 
2000 

Acetylene, as an illuminant, 2805 
buoy lighted by, 2894-5 
road lighted by, 2897 
synthesised by Berthelot, 2172 
Achene, a type of fruit, 381 1 
Achnashellach, , glacier track at, 697 
Acids, the most, important, 787 
Aconcagua, 3310, 4020 
Acoustics, 2501, 2505 
Acquisition, instinct of, 3171 
Acrseime, 1000 
Acromegaly, 4013 

Actinium, a radio-active clement, 1 1 18 
Action, “ at a distance," 013 
equal and opposite to reaction, 000 
Acton, Lord, his study of liberty. 2083 
Adams, J. Couch, biography, 1171 
calculated position of N'eptune. 3170 
Adaptation, in relation to health, 103 
produced by natural selection, 2002 
Addax, 1530 
Adders, 3L02 

Adding machine, 3011, 3015 
Addison, T., bis birthplace, Milstou, 2568 
Addison’s disease, how cured, 2 1(10 
Adelsberg Cavern, Carniola, 3008 
Adenoids, 571 
cause tuberculosis, 1251 
Adit, driving, in chalk, 2472 
natural, 2588 
Adjutant stork, 2735, 2738 
Adkins- Lewis, transit system, 1690-1, 
1002 

Administration, local government, 3011 
Admiralty, fitting wireless on, 2032,2043 
Admiration, emotion of wonder. 3400 
Adolescence, problems, 1101, 3838, 1610 
Adrenal gland, 1510 
Adrenalin, 40 13 
pain-relieving drug, 3080 
synthetic, 2175 

Advertisements, in daily newspapers, 2070 
their disadvantages, 35 It) 

Aerials, wireless, on Admiralty, 2043 
on a post-office, 2046 
Aerolite. 1262 , 3301 
Aerophone, 715, 710, 1925 
Aeroplane, 1310 
as letter-carrier, 1824 
British trade in. 2078 
fighting an airship, f icing 1333 
titled with wireless, 2053 
its speed, 3010 
meeting condor in air, 85 
over submarine, facing 3016 
use in warfare, 3004 


s ami reading matter, illustrations 

TEschnidoe, family of diugou-llics, 4i)07 
ASsculapius, associated with snake-wor- 
ship, .',095 

Afforestation, 357, id 10 
in Finland, 4018 

Africa, gnat trade future for, 1358 
poison snakes of, 3105 
railway mileage, Kiol 
rivers in, 2352 

survival of its native races, 1 13 
trade progress in 20 years, 1350 
United Kingdom’s investments in, 30 II 
village as observed by Du Chaillu, 1120 
Africa. British East, trade progress in Jo 
years, 1350 

Africa, British West, trade progress in 
lo years, 1350 
After-damp, 470 
Agamas, 3215 

Agar-agar, prepared from seaweed, 1200 
Agassiz, Jean L., biography, 4370 
Agassiz Lake. 2230 
Agate, its source of colour, 051 
Age, as a determinant of sex. 503 
how shown ill tile face, 3053 
Agent, his position in commerce. 87! 
Ages, ** Tie* seven ages of man," 3955 
Agglutination, 1573 
Aggtelek Cavern, Hungary, 300S 
Agnano, Lake, 1030 
Agouti, 17 SO 

Agraphia, loss of power to write, 3228 
Agricalture, among primitive people, 755 
history of, in Kuglaud, 1001 
in United Kingdom, 357, 2135 
number of p 'ople employed in United 
Kingdom, 870 

Agriculture, Board of, its leaflets, 3155 
Agrionidre, family of dragon- Hies, 4007 
Aigrette, the so-called artificial, 2735 
Aigues-morts, 2230 
Aiguilles, caused by erosion, 3130 
Aikman, C. M., work on manures, 1)20 
Ainos, primitive people of Japan, 439 1 
410, 442, 443, 500 

Air, action in mountain districts, 3315 
compressed by water, 2012 
dilferonee between open and fresh, 117 
elements manufactured from, hi 
experiment, proving its weight , 2031) 
food of plants. 1385 
fouled by soiled clothes, 410 
how dried in a blast, furnace, 3130 
bow it can become solid. 1020 
influence on plants. 1 172 
nature ami constituents, 1385 
no economic value, 3031 
physical matter. 012 
power of t he, 2030 
temperature of liquid, 15(H) 
use in the soil, 288 
value of fresh, 315, 415, 1007 
weight, of, 1505 
Air, Compressed, 2285 
tools worked by, 2638-53 
used at quarries, 2786, 2795 
Air-compressors, 2040 
Air-bladder, its use to fish, 1301 
Air-brake, its structure and use, 2050 
Air-exhauster, 2053 
Air-lift, its principle, 2040 
Air-lock, 1201, 1204, 1205, 2618 , 2018 
Air-power, used in playing a piano, 82 
Air-pump, its invent ion, 2030 
Airship, bursting of “ Mavllv." 1577 
Airy, Sir G. B., biography, 1171, / 172 
Alabaster, a species of marble, 780 
Alaska, one of its gold-mines, 855 
Fort Wrangell. 3193 
Albano, Lake, 4030 
Albatross, 2851, 2852 
Albicore, 3570 
Albula road, 2117 

Albumin, constituent of flesh-food, 3351 


l>oin«r indicat t 'il by italic figures. 

Alcohol. 2500 
am>l. 2515 
an excellent lucl, 231 
antiseptic value of, 251 i 
as ail amesthetic. 3074 
chemical usi><, i j;,oo 
elfcct on a home. 2650 
effect on germ pla>m, 1000, 2500 
elfcct on liver, 15 18 
elici t on ueixes and brain, 2873 
in relation to parenthood. 4000 
made from cellulose, 2002 
mad- from glycerine 2172 
methyl, 2500 

no run* for insomnia, 1314 
no cure for pneumonia. 2751 
not a food, 2753 
protoplasmic poison, 2751 
racial poison, 2002 
source of power, 4328 
State control of, 251 
thirst producer. 2032 
Alcohol engine. 2522 
Alcoholism, a Heels the race, 3801 
due to bad housing. 1731 
etfccts on olfspring, 2150 
how to treat, 2837 
promoter of disease, 431 1 
Alcohol lamp, 2002 
Alcor, star in (beat Bear, 3oo3 
Alcuin. biograph \\ 4111 
Alcyone, star in the Pleiades. II 37 
Aldebaran, star in Taurus, 12 >9, i:!0u 
characteiistics ol its light, 2001 
rate of motion, 4010 
Alder-tree, 3921 
indigenous to Biitain, 1100 
its length of lile, 1172 
male and female catkins, 3686 
when introduced into Biitain, 1100 
Alderney Race, 1001 
Aleppo, its liquorice-mot culture, 4867 
Aletsch Glacier, 2228 
Aleurone, cells in wheat main, 2001, 
2005, 2128 

Alevin, young of salmon, 3007 
Alexander, Stephen, his Ihcoiy of Hr 
Milky Way. 1201 
Alfalfa : see Lucerne, 071 
Algae, 658, ISS0 
feathering pt Until, 4290, 429 1 
how thev propagate, 2810 
red, 4200 

Algeria, trade progress in 20 years, 1350 
winter in. 3185 

Algol, a star that has changed colour, 
3777, 3780 

eclipsed by its companion, 200 
Algonquian Indians, 1300 
Alimentary system, / 120, 1 121, 3501 
Alizarine, artificial, 2700 
Alkali, British exports, 2700 
British industry in, 3020 
in soaps, 701 
test for, 787 
value in industry, 1450 
Alkmaar, cheese market at, 3270 
Allalinhorn, Mount, 2347 
Alleghanies, 3310 

Allen , Ralph, founder of Bath-stone, 
2780 

Alligator, Chinese, 1800 
just emerged from egg, 1890 
Mississippi. 1161, 1889 
Alligator-turtle, I ho 1 
Alluvial soil, in Canada, 077 
Almaach, star in Andromeda, 3512 
Aloe, 2188. 2725 
as an aperient, 3505 
foundation of most drugs, 2027 
in Seill.v Isles. 3191 
its leaf protection, 2720 
use as a drug, 21 CL 
Alpaca, 034 
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Alpha particles, revealed on zinc, 1271 
Alpha-rays, 1148 
emanating from radium, 1275 
Alphabet, how it arose, 3226 
Alps, 3306, 3428 

clearness of their atmosphere, 1593 
height of their snow-line, 2946 
how raised above the sea, 271 
set in the Atlantic, 269 

MSB AIJJO BAM KM OF MOUNTAIN* 

Alsace, wool- working centre, 2550 
Alstromeria, its leaf, 2366 
Altair, star in Aquila, 4259 , 4260 
Altitude, factor in forest growth, 4052 
in relation to climate, 3192 
Alto-cumulus, a cloud formation, 2711 
Altruism, importance in biology, 1643 
Alum, used in leather-making, 2900 
Aluminium, 654, 2558 
forms 8 per cent, of earth’s crust, 272 
manufactured at Kinlochlcvcn, 4096 
melting point, 654 
properties of, 654 
substitute for iron, 239 
used in glass-making, 3026 
Alveoli, 1302 
Alvite, 1155 

Alytes obstetricans, midwife frog, 3337 
Amadavat, 2975 
Amalgam, 657 
Amanita spissa, 3204 
AmanitopBis vaginata, 3204 
Amazon, River, 749 , 2354, 2588 
della, 2593 
floods of, 2351 
source, 3312 

Amber, a lump containing flies, 921 
Ambergris, 2260 
Ambidexterity, 1904 
Amblystoma, 3340 
America, South : see South America 
Amethyst, formed from aluminium, 654 
formed from silicon, 909 
Ammonia, by-product of coal, 1442 
food of plants, 416 
obtained from sewage, 1451 
retorts for its production, 2169 
use in refrigeration, 3128 
■ value in soil, 290 

Ammonia, muriate of, British exports, 

2798 

Ammonia, sulphate of, 2171 
used in making Non- Flam, 3966 

KKB A) AO SlII.I'HATR OF AMMONIA 

Ammonites, fossils of Mesozoic Era, 401 
Ammba, a single cell, 279 
attracting diatoms, 1639 
dysenteric?, 2959 
how it breathes, 1303 
its powers of reproduction, 152 
killed by alcohol, 2751 
Amphibians, 3333 

fossils found in carboniferous strata, 308 
Amphisbanas, 3221 
Amphiuma, 3340 
Amphiumidse, 3341 
Amsterdam, canal at, 2317 
Amundsen, Roald, biography, 4390 , 4302 
Amyl-alcohol, 2515 
Amyl-nitrite, drug for angina, 3679 
Anabolism, 2838 
Anaoonda, 3096, 3104 
AnasmiiL its best cure, 2517 
tropical, 3564 
Anaesthesia, local, 3679 
spinal, 3680 

Anaesthetics, 2157, 3673 
Analysis, a process in science, 641 
Anatomy, the study of structure, 089 
Anatomy, Comparative, use to the 

zoologist, 293 

Anaxagoras, biography, 4407 
Anaximander, biography, 4408 
Aneaster stone. 2780 
Ancestor- worship, effect on sex preval- 
ence. 500 

how originated, 1127 
socialising force, 1127 
Anehor-ice, 2953 
Anohovy-flshing, 1108 
Andes, 3306 
gorge in the, 1198 
height of snow-line, 2946 
near Tunguragua, Ecuador, 3312 
Andromeda, nebula in, 18 
glowing core of the nebula, 620 
is it in our system of stan ? 899 

5148 


Andromedids, a meteoric shower, 3303 
Anelytropidse, 3221 
Anemo-biagraph, 3360 
Anemometer, 1634 
Anemones, Sea, 1755 , 3819 
Angaraland, a palaeozoic continent, 402, 
1866 

Angel-Ash, 3461 , 3462 

Angell, Norman, his theories, 80 

hkk Lank, Kau*h 

Anger, an emotion. 3469 
Angina pectoris, relieved by amyl nitrite, 
3679 

Angiosperms, 3807 

Anglo-Saxon, a blend of many raceB, 
560 

Angnidse, 3219 

Anhydrite, converted into gypsum, 2830 

ANIMAL LIFE 

The following are the actual headings of the 
chapters in thin group in thoir coiiHecutive orocr 
through the first nix volumes of tills work. 
Specific animals are In their proper places in 
the index. 

Rivals for the mastery, 47 
Strange things like men, 169 
Evolution liefore our eyes, 293 
The animals of terror, 425 
Savages at our gates, 649 
The bear and his cousins, 679 
The amazing giants, 811 
Animal helpers of man, 933 
The taming of the wild, 1051 
The insect-eaters, 1175 
The wily weasel family, 1295 
The sacred deer family, 1411 
The antelope family, 1533 
Animal home-builders, 1653 
The gnawing animals, 1775 
Animals in armour clad, 1887 
The pouched mammals, 2007 
Animal friends and foes, 2135 
Mammals in the water, 2255 
Fin-footed carnivores, 2373 
Birds of inland Britain, 2491 
Coast birds of Britain, 2613 
Familiar bird families, 2731 
Contrasts in flight, 2851 
A final review of birds, 2973 
The revilpd snake tribe, 3093 
The company of lizards 3213 
Water-bom land animals, 3333 
Warriors of the ocean, 3457 
Our bread on the waters, 3575 
Romance in the rivers, 3693 
A final survey of the sea, 3815 
Ants, bees, and wasps, 3933 
Some winged beauties, 4059 
From worm to insects, 4177 
Insect, against, insect, 4293 
Animalcules, 3816 
Animals, 1170, 2128 
armour-clad, 1887 
contrasted with plants, 32, 791 
dependent on plant life, 791 
domestication of, 933, 1051 
many superior to man in physical 
powers, 688 , 691 
specialised for locomotion, 691 
useful to plant life, 2719 
wild, existing in Britain, 549 
Ankle, use to man, 827 
Ankylostoma, miners’ worm, or tropical 
amumia, 3564 

Annealing, in glass-making, 3027 
Anobinm, death-watch beetle, 4299 
Anode, 3240 
Anoiis, 3218 
Anopheles, 3443 
head and mouth parts, 3438 
typical breeding-place of, 3447 
Anotomys leander, 2140 
Ant, 54 , 55 , 661 , 3933 
black, mourning a dead queen, 3936 
black, sections through nest, 3935 , 
3937 

colony in orchid bulb, 2729 
organisation of, 51 
protectors of orange-trees, 2728 
slave-making, 3936 
solitary, facing 3941 
wood, 3934 

wood, section through nest, 3937 
Antarctio, aurora in, 2696 , 2702-4 
continent of glaciers, 2050 
flora, 4286 
life present in, 155 


, Antares, binary, 3898 
h brilliant, 3661 
red star, 3777 
Ant-eater, Cape, 301 
great, 295 , 301 
spiny, 298, 2008 
Antelope, 1533 
four-horned, 1532 , 1536 
harnessed, 1532 , 1535 
roan, 1538 
sable, 1532 , 1535 . 
zebra, 300 

Anther, position in flower, 3684 
various forms, 3687 
Antheridinm, 3326 
Anthooyanin, 2487, 3928 
Anthracene, source of alizarine, 2799 
Anthracite, 615, 
amount exported, 2075 
carbon wealth of, 467 
Anthrax, bacilli and spores, 3078 
Bitstcur’s work on, 3077 
Anthropoids, distribution, 310 
Anthropology, its study necessary in 
eugenics, 1975 
Anticline, definition of, 3434 
diagram, 3432 
of coal-mcaHurcs, 3137 
of millstone grit., 3436 
Anticyclone, 1629, 3367 
Antifebrin, a dangerous drug, 2158, 
2754 

Antikammia, a dangerous drug, 2158 
Antinous, a constellation, 4257, 4259 
Antiparos, Grotto of, 3910 
Antipyrin, a dangerous drug, 2158, 
2754 

Antiseptics, in the human body, 2159 
value of, 2157 
Antisera, 4042 
Anti-sweating Law, 4241 
Antitoxin, 2156, 4045 
constituents of blood, 1189 
effect in diphtheria, 3919, 4042 
in tetanus, 4046 
Anti-trade winds, 1627 
Antlers, evolution of, 302 
how they grow, 1412 
Ant-lion, 4301 

Antoinette, an aeroplane, 1323 
Anvil, bone in ear, 2500 , 2502 
Aorta, 1062 

Ape, found in mioccne deposits, 402 
intellectual capacity, 170, 189 
man-like, 169 
skeleton of its foot, 688 
Apennine, Mts., 3306 
Aphasia, 3225 
Aphelion, of earth, 3184 
Aphemia, loss of power to sneak, 3228 
Aphides, how the sex of their oilspring 
varies, 500 
Aphidus, 4295 
Aphis, apple, 3568 
woolly, 3570 

Apollo, the sun god, “ driving his chariot," 
facing 435 

Aponeuroses, 948 
Apoplexy, 1 191 

Apothecary, in olden times, 3919 
Appalachian Mountains, 3310 
erosion of, 3436 
how they were formed, 268 
Apparel, British exports and imports of 
2679 

British oversea trade in, 997 
Apparitions, are they real ? 4304 
Appendicitis, 3481 
causes of, 2841 

curable owing to Listerisin, 3800 
due to dietetic errors, 4040 
Appendiculariidee, 3815 
Appendix, vermiform, 1420 , 1423 
not a decadent organ, 4040 
Appert, Nicholas, biography, 4442 
inventor in canning industry, 3124 
Appetite, is it to be trusted ? 3234 
Appian Way, 2424 
Apple-tree, affected by mildew, 3567 
blossom-bud with weevil, 3570 
blossom weevil, 3571 
destroyed by codlin-moth, 4295 
leaf and fruit attacked by codlin-moth, 
3568 

leaf attacked by greenfly, 3568 
louse, or woolly aphis of, 3509 
packing fruit for the market, 2191 
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Apple-tree fcontcl.), picking the fruit, 2188 
eection ofiJruit, 3811 
sections of mature wood, 970 4174-5 
twig attacked by woolly aphides, 3570 
twig with American blight, 3571 
Apple-aphia, 3568 
Apple-soab, 3572 
Apple-suoker, 3672 

Apprentice, in time of Charles I., 1489 
Aqua-fortii : sin Nitric Acid 
Aqnariids, meteoric showers, 3303 
Aqueduct*, Roman, t21, 3378 
Solani, India, 1701 
Aquila, constellation, 4257, 4259 
Aquinas, Thomas, biography, 4408 
Ara, constellation, 4257 , 4259 
Arab, Bedouin encampment of, 3554 
outpost in Tripoli, facing 3549 
Arabia, great desert in, 3544 % 3554 
Araohnida, 4177, 4181 
Arago, Francois J., biography, 4472 
Aral, Sea of, 1807, 2228, 2231 
Aranea adianta, British spider, 4184 
Ararat, Mount, 4020 
Arbitration, between States, 4244, 4360 
factor in industrial disputes, 2800 
Archelans, biography, 4472 
Arohaopteryx, oldest bird, 401, 2491 
Archean Era, its volcanic rocks, 300 
Arehiannelida, marine worms, 4177 
Archimedes, biography, 2750, 4421, 4423 
student of mechanical power, 4321 
Architect, his fees not competitive, 3517 
Architecture, affected by industrialism, 
1335 

domestic, to-day, 1350 
stone as ornament in, 2778 
Arc-lamp, 2884 
electric, 718 

principle of its working, 2892 
used in telephony, 703 
Arctic flora, 4286 
Arotunis, star in Bootes, 3542 
speed, 22, 1027, 4018, 4019 
Ardcohe, River, varying discharge of, 
2351 

Ardi, the ape-like man, 1363 
Arenioola piscaforum, 4 178 
Arequipa, Peru, crater of El Misti, 4033 
Argentina, British investments in, 1000, 
1354, 3041 

increase of exports in 10 years, 2921 
increasing imports of, 4358 
trade progress in 20 years, 1357 
trade with Britain, 1239, 1241 
Argo, constellation, 4257, 4259 
great break of Milky Way in, 4260 
keyhole nebula, 4142 
Argon, an inert gas, 524 
in springs, 2472 
proportion in the air, 1507 
Ariel, abioon of Uranus, 3178, 3179 
Aristarchus, biography, 4410 
Aristocracy, their rise in power, 2805 
Artstolochia, its leaf, 2366 
Aristotle, biography, 4410, facing 4409 , 
4411 

founder of science of life, 1033 
his opinion on women, 879 
cm submarine vessel, 2750 
Arizona, cattle ranches in, 3546 
desert scene in, 13, 2827 
Arkwright, Sir Richard, biography, 1007 , 
4422, 4424 

invented “ water-frame " machine, 350 
spinning-machine, 1006 

Arlberg Road, 2417 
Arlberg Tunnel, 1207 
Arm, its strength in low types, 307 
Armadillo, 300, 1894 
hairy, 1892 

Armament, modern, 578 
Arm-bones, radiographs of, 3243 
Armstrong, Sir William, biography, 4425 
his hydraulic crane, 4421 
Arm v, capital value, 3038 
position in economics, 3157 
wireless apparatus used by, 2044, 2045 
Arnica, valueless as a drug, 2030 
Arnon, River, entry into Dead Sea, 2584 
Aroitarbe, Angel, diver, 1588 
Arrhenlte. 1155 

Arrowroot, a valueless food, 3119 
Anenie, a racial poison. 3772 
Art, affected by industrialism, 1335 
expressed in pottery. 077 
Artery, blood ft contains, 1183 


Artery, coronary, 1064 
, criterion of age, 4079 
premature degeneration of, 3956 
pulmonary, 1062 
renal, 1542 

Arterioles, 1063 , 1065 
Arterio-sclerosis, hardening of the 
arteries, 3957 
Arthropods, 3824, 4177 
forerunners of insect r, 1520 
Arthur, King, statue at Tnnslmick, 182 
“ Arthur, the Coming of,” picture by 
.1. W. West, 511 
Artichoke, how it spreads, 2848 
Arum, stages in its pollination, 3688 
Arum maculatum, its inflorescence, .3557 
Asama Yuma, volcano in Japan, 4035 
Asbestos, as dress material, 3027 
sources of Britain's supplies, 2559 
Asceticism, its evils as applied to a 
child, 3230 

Asoham, Roger, biography, 4412, 4413 

Ash-tree, 3924 

destroyed by goat-moth larva), 4057 
indigenous to Britain, 4109 
length of life, 4172 
winged seeds, 2844 
Asia, future greatness, 742 
great trade future, 4358 
railway mileage, 1590, 1001 
trade progress in 20 years, 1355 
United Kingdom's investments in, 3011 
Askal Chin, 2228 
Asp, 3103 

Asparagus, wild and cultivated, 1405 
Aspdin, Joseph, inventor of English 
cement, 1312 

Aspen-tree, indigenous to Britain, 4 1 09 
length of life, 4172 
Asperoooccus, 2489 
. Asphalte, obtained from coal, 483 
Asphaltides, Lake, 2232 
Asphyxia, 1307 
effect on the brain, 3109 
Aspropotamo, River, 2352 
Ass, 1059 

Assam, its tea plantations, 3015 
Association, areas in bruin, 2020, 2985 
of sensations, 2991 

Assur-nasir-pal, excavations of his 
palace, 3980, 3981 

Assyrians, 3978 

Astigmatism, how caused, 2385 
Asteroids. 1021, 2821 
Astrology, its absurdity, 1020 
Astronomy, debt to mathematics, 6210 
relation to time-recording, 3720 
Atavism, 1764 
Athabasca River, 2354. 3143 
Athens, position of women in, 879 
restoration of ancient, 4372 
Athletics, their abuse, 1 793 
Athyrea, 2157 

Atlantic Ocean, affects weather, 3372 
bridged by wireless, 2036 
depth and temperature, 1986 
how made, 1865 
relative depths, 1869 
rivers flowing into, 2352 
Atlantis, a paknozoic continent, 404 
Atlantosaurus, 49 
Atlas Mountains, 3310 
Atlas, vertebra in neck, 824 
Atmosphere, 1385, 2343 
effects on climate. 3184 
effects on flowering, 1287 
elfect oil fttarlight, 1081 
gases it contains, 1507, 1510 
held to earth by gravitation, 1385 
in Turner’s paintings, facing 1497 
movements of, 1625 
on Mars, 2818 
on planets, 1382 
Atoll, 3668 

Penrhyn, Pacific Ocean, 3667, 3669 
Atom, 137. 262, 1030 
action in it, 1861 
action of its corpuscles, 1268 
complicated structure, 1 34 
constitution of, 462, 1030 
duration of life, 1267 
dynamical complexity of, 1268 
energy in. 135, 158, 450, 4280 
forces within it, 393 
has definite weight, 526 
measurable, 198 
radio-active matter, 1273 


Atom (contd.), reservoir of tremendous 
energy, 1272 

varies in combining tendency. 529 
Atomiser, 2653 
Atropa belladonna, 2724 
Atropine, its medicinal value, 2029 

Atta-sexdens, 3940 

Attention, depends on will, 3112, 3708 
value to memory, 31 10 
Attock, India, railway bridge at, 3389 
Attraction, Molecular, 848 
Atypns subseri, British spider, 4184 
Auditives, 2507 
Auk, 2614 
little, 2616 

Auricle, part of heart, 1062 
Auriga, 4257, 4259 
Aurochs, 1057 
Aurora, facing 2696. 2702-5 
affected by sunspots, 1983 
australis, 2700 
borealis, 1391, 2700 
caused by electrons. 1029, 1030 
caused by sun’s radio-activity, 1802 
cinematograph study of, 1571* 
Australasia, railway mileage, 1597, 1601 
Australia, aboriginal chief of, 1602 
bathing iti the surf in. 1912 
British investments in, 1000, 30 1 1 
butter factory in, 327 1 
caves in Western, 3911 
coal exports and imports, 2079 
coal output , 486 
dairy cattle in, 3254 
exports, 492, 1115 
future of, 380 

growth of its merchant marine, 1 170 
growth of populat ion, 4355 
imports, 1115 
indigenous fauna, 2008 
lack of rain in Southern, 2828 
need for white population, 4354 
need for women, 510 
rabbit pest in, 1775. 1783 
rivers in, 2352 
snake robbing nest, 3098 
trade progress in 10 years, 1358 
wool product uni, 1835 
Australians, customs of aborigines, 365 
complex marriage system, 442 
Austria-Hungary, coal exports and 
imports, 2079 
coal resources. 742 
emigration in 10 years, 4359 
growth ti f its merchant marine, 1 176 
increase of exports in 10 years, 2921 
population, 231, 4354 
railway mileage, 1601 
shipbuilding (in 1911), 1480 
trade progress in 20 years, 1354 
Autodax, 3339 
Auto-intoxication, 395 1 
caused by constipation, 3596 
caused by eating too much protein, 3179 
Automobile. 4337, 

KKB At.NO MoTOIC-CaK 

Autoplate, 2065, 2069, 2071 
Autumn, fruits of, 1857 
landscapes, 1167 
plant life in, 1 167 
Autumn sowing, 1048 
Autunite, 1155 
Avalanche, 29 46, 2917 
Avebury, Lord, biography, 4380 
Avena, creeping seed of, 2971 
Avens, hooked seed of, 2816 
Avernus, Lake, 4030 
Aviculariidce, 4183 
Avocet, 2741 

Axenstrasse. cutting In rock on, 2132 
Ax<s. of plant, 2002 
vertebra in neck, 824 
Axis-deer. 1419 
Axle, 4321 
Axolotl. 3339. 3340 
Axon, of nerve-cell, 1666 
Ayrton, Hertha. biography, 4443, 4443 
Aztecs, of Peru, 1367 

B 

Babbage, Charles, biography, 4425, 442G 
Babirusa, 1050 
Baboon, 176 
yellow, 178 

Baby, helplessness of, 695 
high death-rate, 1262 
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“ Baby, The Land,'* picture by Hon J. 
Collier, 1514 

Baby-farming, Act relating to, 3288 
Babylon, remains of a city, 270 
Babylonia, excavations in, 3977, 3982, 
3983 

Babylonians, astronomical studies of, 
3720 

Baeehus, os boy, 2872 
Baehtfet, Emile, inventor of a flying 
train, 3014 
BaeUU, anthrax, 3078 

S adicUM, 3482 
nic plague, 69 
cholera, 69 
diphtheria, 3080 
killed by light, 1074 
rod-shaped bacteria, 2830 
spore stage, 3070 
tuberculosis, 60, 3105 
typhoid, 69 

Bacillus aeeticus, 2510, 3076 

Baeillus eoli, cause of appendicitis, 3482 

Bacillus lactious, 3076 

Bacillus pestis, 2138 

Backbone of man, 601, 823 

ftKK ALSO ftriNK 


Bacon, dependent on skim-milk, 3266 
how it is cured, 3124 

Bacon, Sir Franois, biography, 4406, 4412 
Bacon, Roger, biography, 4427 
inventor of microscope, 964 
made a camera obscura, 3483 
Bacteria, 37 
need chalk, 166 
nitrefying, 543, 2839 
nitrogen-flxing, 40-43 
pathogenic and non- pathogenic, 3070 
resistance to intense cold, 4270 
saprophytic, 2840 
• work in the soil, 54 1, 2830 
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Bacteriology, in the future, 4164 
Bacteriosis, in potato and tomato, 3440 
Bacterium termo, 544 
Baden-Baden, its thermal springs, 2168 
Badger, American, 1294 
English, 1294, 1208 
Baer, Von, biologist, 792 
Baffin, Wm., biography, 4303 

Walter, biography, 4415 
ake, 2228 
Bailey, John, biography, 4428 
Bailly, Jean 8., biography, 4473 
Baily, Frances, biography, 4474 
Bain, Alexander, biography, 2989 , 4416 
Baker, Sir George, investigated lead- 
poisoning, 3285 

Baker, Sir Samuel, biography, 4305, 
4395-7 

Baker, T. Thorne, wireless transmitter of 
photographs, 3494 

Bakewell, Robert, biography, 1962 , 1964, 
4443 

his sheep, 4444 
Baku, oil-field, 94 

Balance, organ that governs, 1900, 2747, 
2749 



Balanoglossus, 3815 

Balbao, Vasco, biography, 1933, 4306 

Baleen, 2258 

Balfour, A. J., on eugenics, 3292 
Balfour, Andrew, student of tropica] 
medicine, 344 L 
work at Khartoum, 3446 
Ball, Sir Robert, biography, 4474, 4475 
on the sun's shrinkage, 1860 
Ballantyne, J. W., biography, 4015, 4380 
on ante-natal pathology, 803, 4010 
Ball-bearings, machines that make, 830 
Balloon, photograph from, 3304 
used for weather-recording, 3369 
Bamboo-rat, 2141 
hairy, 2139 

Banana-tree, fruiting at Falmouth, 3191 
valuable fruit, 381 1 

Banchus, destroyer of hawk-moth 4205 
Bandaisan, volcano in Japan, 4147, 4148 
Bandicoot rabbit-eared, 2014 
Band-sawing machine, 849 
Banff, springs of, 2466 
Bank, folly of runs on, 3883 
National Fenny, 3888 
of England, issue of notes, 3880 
Post Office Savings, 3889 
Banker, position in commerce, 871 
Bankes, Sir J„ biography, 4378, 4381 
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Banknote, 3879, 3996 
Welsh (of 1814), 2879 
Bank-rate, 3999 
Bantin. 1058 

Barbados, why free from malaria, 3444 
Barbaro, Daniello, first made a camera 
obscura, 3483 
Barberry, 2722 
Barbets, 2981 

Bardon Hill, its granite quarries, 2780 
Barents, William, biography, 4398 
Barge, with air-comprcsslon plant, 2649 

Barium-glass, 3024 

Barium platino-cyanide, its crystals 1 
action on rays, 3244 
Bark, dilferent typos, 3927, 3927 
gnawed by rabbits, 4056 
meaning of marks on, 4050 
Bark-beetle, its destruction of pines, 4294 
ravages in Bohemia, 4055 
Barley, 3114 

Empire’s growth in production, 491 
length of seed-life, 2003 
nutritive value, 3119 
section through seed, 2131 
Barlow, Sir Thomas, biography, 4382 
Barnacles, 4177 
acorn, 3820 
stalked, 3821 

Barnard, E. E., biography, 4 175 
discovered one of Jupiter’s moons, 2941 
Barnes, Howard T., biography, 4429 
chart of his micro-thermometer, 4429 
Barn-owl, 286 L 
Barometer, aneroid, 1509 
mercury, 1508 
principle of, 1505 
Swiss weather-house, 3362 
use in foreeasting weather, 3364 
Barrett, Sir W. F., biography, 4418 
Barrow, Sir John, biography, 4399, 4399 
Barter, still a factor in exchange, 3875 
Barth, Heinrich, biography, 4400 
Barton Cliffs, 397 
Basalt, 652-3, 2779 
Bascules, 2301 

Bashfulness, an emotion, 3471 
Basic slag, value as manure, 927, 928, 
929, 931 

Basidio-mycetes, 3329 
Basidio-spores, fungi, 3329 
Basilisk, 32 LG, 3218 
Bass, fish, 3578 
Black Sea, 3581 
Bassaricyon, 687 
Bast, 2366 
hard, 4174 
Bat, evolut ion of, 302 
flower-nosed, 303 
its hand, or wing, 688 
pouched, 2007 

Bates, Henry W., biography, 4382, 4383 
Bateson, William, biography, 4383 
constructor of new plants, 4165 
his ** Study of Genetics,” 1876 
his study of heredity, 1791, 2095, 2355 
Bath, its thermal springs, 2468 
old Roman well, 2464 
radio-activity in its waters, 1146 
Baths, effect of hot and cold, 699 
use in Rome, 696, 722, 3284 
value to health, 831 
warm, as a cure for insomnia, 1317 
Bath-stone, quarry, 2785, 2788 
Battersea, its municipal steriliser, 2992 
Battleship, construction, 576, 576-597 
how designed, 3506 
shaping its ribs, 3504 
wireless installation on, 2042-3 
Bayer, Johann, biography, 4476 
Bay-ice, 2953 

Beach, raised, 3435, 3436, 3437 
Beam-trawl, description and use, 1098 
Bean, as a young plant, 2129 
germinating, 1576 
length of seed-life, 2003 
root, 38 
structure, 2001 
Bear, Alaskan, 680 
Australian native, 2012 
black, 685 
brown, 682 , 683 
characteristics of family, 079 
griRly, 684 

Polar, 678, 680, 681 , 2372 
Bear, Great, a double star in, 3904 

Beaufort scale, 1632 


Beauperthuy, L. D., biography, 4384 
pioneer in flfthting mosquitoes, 3441 
Beauty, physical, 3416 
Beaver, 1653, 1655, 3139 
setting trap for, 3145 
Beaver-dam, 1652, 1654 
Beohuanas, common pasture-land, 1842 
Becket, Thomas h, his house, 2565 
Becquerel, Antoine C. t biography, 4456 
Beoquerel, A. Henri, biography, 4450 
discoveries in rays, 1147 
Bid, ideal style of, 1197 
B:douins, encamped in the desert, 3554 
their polygamy, 499 
B?e, 661, 3933, 3942 
attacked by parasites, 2959 
distinguishers of colours, 3091 
imported into New Zealand, 1052 
limited vision, 3091 
nest of humble, 3942 
parenthood, 891 
pollen-carriers, 3087 
queen being fed, 3944 
sting of, 1284 

stingless strain evolved, 4164 
swarm on orchard tree, 3943 
taking pollen from flowers, facing 3087 
tongue of, 3084 
worker’s hind leg, 3087 
Beech-tree, 3924 
buds, 1173 

fused with oak-tree, 1644 
indigenous to Britain, 4169 
lateral growth of roots, 2247 
length of life, 4172 
monster at Markash, 4173 
production of humus by leaves, 4169 
scaly bud, 2365 
stem, 2362 
survival value, 4049 
Beech-marten, 1296 
Beef, British supplies, 2439 
food value, 3355 
scientific breeding of, 1407 
Beet cultivation, effect, on the soil, 1293 
cultivation on a French farm, 4220 
cultivation on English soil, 4226 
source of sugar, 4221 
Beethoven, Ludwig von, 2507 
picture by L. Balestrieri, 3710 
Beetle, 4299 
ball-rolling, 4297 
bombardier, 4298 
devil’s coach-horse, 4298 
dor, 4292 
goliath, 4292 
harlequin, 4292 
Hercules, 4292 
musk, 4292 
oil, 4292 


polyphylla, 4292 
rose, 4292 
stag, 4292 
water, 4299 
Beetroot : see Beet 
Begonia, facing 807 
cultivation of, 2181 
hairy bud, 2365 
hairy stein, 2370 
male and female flowers, 667 
protective hairs, 3208 
stamen, 3682 

Behaviour, how affected by clothes and 
songs, 3580 

Behr, Fritz B., biography, 4430, 4431 
his mono-railway, 1680 
Behring, Vitas, biography, 4401 
Beisa, 1537 
Beishorn, 3428 

Beke, Charles T., biography, 4402 
Bel, excavated temple of, 3983 
Belemnites, characteristic fossils of 
Mesozoic era, 401 
Belgium, canal system, 2316 
coal exports and imports, 2079 
coal resources, 743 
eultivatioii of crops, 1293 
growth of merchant murine, 1476 
railway mileage, 1596, 1601 
trade progress in 20 years, 1354 
trade with Britain, 1237, 1241 
why a great, manufacturing country, 743 
Bell, Aezander Graham, biography, 4431 
inventor of telephone, 704 
work on the phonograph, 1800 
Bell, Andrew, biography, 4444, 4445 
Bell, Sir Charles, biography, 4378, 4385 
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Bell, Henry, biography. 4432 
model ottfiis “ Comet, 4433 
Belladonna, action on the heart, 1060 
Bellamy, Edward, biography, 4445 , 4443 
Bell-bird, 2080 
“ Bell-covers,” 2J81 
Belting, 2282, 2287 
Beluga, 2262 

Belzoni, Giovanni, biography, 4402, 4402 

Ben Eighe, 3069 
Ben ding- pres?, 2283 

Bentham, I., biography, 2207 , 4416, 4417 
hlB political philosophy, 1483 
his work, 2206 

Benzene, 105 

how its flames are put out, 3075 
obtained from coal, 483 
source of pinenc, 2168 
Bensole, distilled from tar, 1442 
Bemonitrile, a compound, 011 
Berberis, 2725 
Bergsohrurd, 3309 

Bergson, Heari, biography, 919, 4418 
on the Man of life, 1517 
researches in biology, 30, 919 
Beri-beri, cause of the disease, 3118, 3232 
Berkeley, Bishop, biography, 4533, 4534 
Berliner, Emile, biography, 4432, 4432 
inventor of a gramophone, 1804 
Bernard, Claude, biography, 4387 
Bernina, electric railway, 4215 
falls in the Engadine, 950 
Berry, fruit derived from the pistil, 3805 
Berthelot, Marcellin, biography, 2168, 
4454 , 4457 

prophecy about the world’s future, 1273 
synthetic chemist, 2172 
Berthelot, E., on degeneration of germ- 
plasm due to alcohol, 3804 
Berthollet, Count, biography, 4 158, 4458 
Bertillon, Jacques, on French birth- 
rate, 3296, 3411 
Beryl, 909 

Beryllium, a rare element, 525 
Berzelius, Johann Jakob, biography, 4459 
Bessemer, Sir H., biography, 4434, 4435 
his hydraulic crane, 4420 
inventor of sfbel-making process, 220 
Beta rays, 1148 
emanating from radium, 1275 
Betelgeux, star in Orion, 4259, 4260 
typical Antarian star, 3661 
Betnesda, its slate quarries, 2782, 2704 
Bevelling-slab, shaping a ship's frame ou, 
3504 

Beverages, their place in diet, 3231 
Biceps, a muscle, 940, 048 
Bichat, Marie F., biography, 4388 
Bickerton, A. W. t biography, 4476, 4476 
theory of solar system, 1408 
Biennials, 1170, 2128 
Bitten, Pro!., biography, 4197 
his work in genet ies, 1071 
Bighorn sheep, 1057 
Bile, 1545, 1546 
Biliary dnet, 1420 
Bill, sterling, 412 L 

Bill of exchange, value to trade, 099, 
3880, 3881 
Billingsgate, 1100 

Biltong, lloer’s preserved meat, 3123 
Binary. 3897, 3902-4 
Bindweed, 2251 
its leaf, 2366, 2367 
Bio-Chemistry, 159, 1096, 4042 
Biology, experimental, 2595 
Biometricians, 1875 
Biometry, 569, 795, 1972 
Biophors, 1996 

Biot, Jean B., biography, 4477, 4477 
Biplane, 1319 
Biroh-tree, 4170 
indigenous to Britain, 4169 
leaf curled by weevil, 4055 
length of life, 4172 
membraneous bark, 3927 
Bird, 2973 
British, 2492 
hand or wing, 688 
mating habits, 2973 
notes and cries, 2978 
relationship with plant life, 3085 
speed of flight, 132 L 
structure, 2491 
wanton destruction by, 3151 
when they first appeared, 50, 401 


Bird-lizard, characteristic of cretaceous 
era, 399 

Bird-of-paradise, 2976 
Birkbeck, George, biography, 1446, 4447 
Birth, registrar of, 409 
why premature, 803 

Birth-rate, 505 

biological explanation of fall, 1165 
fall due to bad housing, 1720 
failing among whites, 232 
falling in Europe, 1353 
French methods of encouraging its rise, 
3410 

high among feeble-minded, 3535 
how calculated, 1012 
importance to nations, 381 
legislation to stop its decline, 4131 
relation to Imperialism. 1113 
Biscuits, nourishing qualities, 3117 
Biscuit-ware, in pottery, 080 
Bishop-bird, 2070 
Biskra, street scene in, 3186 
Bismarok, Count, 2324, 2328 
his Imperialistic Socialism, 2414 
Bison, 1055, 1058 
Bittern, 2733, 2730 
Bitterness, how tasted, 2627 
Bivalves, 3822 

Black, Joseph, biography, 4460, 4461 
Black Sea, 1088, 2231 
Blaokadder River, 2352 
Blackberry leaf, 2366 
leaf-venation, 2367 
self-layers naturally, 1171 
used in creating loganberry, 1404 
Blackbird, 2496 
Blackbuck, 1539, 1540 
Blackcap, 2493 
Blackcock, 2082 

Black-currant, destroyed by bud-mites, 
4294 

Black-damp, 479 
Black-flsh, 2262 

Black-knot, disease of, gooseberries and 
currant^, 3451 
Blackwall Tunnel, 1202 
Blackwell’s Island Bridge, 3385 
Bladderwort, 2611 
Bladderwrack, 4282, 4284 
fruiting areas, 1872 
BUcnau Festiniog, slate-mines, 2794 
Blanc, Mont, 3306, 3309 
Blane, Sir Gilbert, biography, 4418 
pioneer in hygiene, 3285 
Blasphemy, 3525 

Blast-furnace, first use of coke in. 195 1 
its refrigerating machinery, 3136 
Blasting, at Fishguard, 2409 
first adoption of, 2100 
in stone quarries, 2783 
Blastophthoria, poisoning of the gertn- 
plasm, 3771 

Bleach, British exports, 2708 
Bleaching, how obtained, 1448, 4111 
of rags in paper-making, 608 
Bleak, a fish, 3698 

Bleriot, Hying the English Channel, 13 IS 
Blesbok, 1540 
Blight, 1521 
American, 3570, 3571 
potato, 3328 
Blind-worm, 3219 
Blindness, how caused, 3715 
Blood, circulation arrested by tight 
clothes, 1433 

constituents and work, 1183 
crammed with life, 1183 
examined through spectroscope, 1186 
healing powers, 1 182 
nourishes bone, 829 
value us manure, 026 
valueless as food, 3353 
Blood-albumin, 1 180 
chemical composition, 529 
Blood-dot, how formed, 1182 
Blood-globulin, 1 180 
Bloodhonnd, 10 JJ, 1054 
Blood-poisoning, produced by microbes, 
3797 

Blood-showers, how caused, 2829 
Bloodstone, its source of colour, 654 
Blood-vessels, dilatation during sleep, 
1103 

Bloom, on a leaf, 236Q 
Blossom, 3028 
Blow-fly, 4206 
lancets, magnified, 969 


Blabber, 2257 

Blue, hygienic value as colour, 1072 
Bluebottle, pupm on manure, 4295 
Blue-ground, source of diamonds, 862 
Boa, feather, 3154 
Boa-constrictor, 3103, 3104 
Boarhound, (ion nan, 1055 
Boat-bill, 2734 , 2736 
Bobac, 1657, 1650 
Bobolink, 2070 

Bode’s Law, in relation to planets, 2821 
Bodiam Castle, 1847 

Bodin, Jean, founder of modern political 
thought, 2088 
Body, man's, 689 
organs affect sensibility, 2744 
servant of the mind, 167 L 
Boerhaave, H., biography, 4497, 4498 
Bog. 2235 

among mountains, 3314 
as collector of fossils, 396 
Bohemia, its glass-making, 3022 
Boidee, 3L01 

Boiler, Bonecourt, 3600, 360 1 , 3602 
being placed on a ship, 3515 
export trade, of, 2672 
how it economist's heat, 1437 
number in England, 915 
Stirling, 3611 

Bois de Boulogne, scene in, 2370 
Boletus ve sipellis, 3204 
Bolivia, increasing imports, 4358 
rich in silver-mines, 657 
trade with United Kingdom, 1241 
Bolometer, 210, 1092 
for measuring heat of corona, 2461 
Bomb, an outrage photographed, 3492 
Bombardier-beetle, 4298 
Bond, W. C., biography, 4177 
discovered Saturn’s third ring, 3061 
Bone, William A., biography, 446L 
inventor of new boiler, 3601 
Bone, made from phosphate and car- 
bonate of calcium, 787 
man’s, 820 
of ear, 2502, 2503 
value as manure, 026, 929 
Bone-marrow, 829 
Bonecourt, a new boiler, 3602 
Bongo, 1535 
Bonito, 3578 

Bonnet, Charles, discovered food supply 
of plants, 926 

Bonney, T. G. f biography, 4 487 
Bookbinding, 2899 
Books, suited for children, 3837 
Boots, British imports and exports, 2797, 
2799 

Bootmaking, coming of machinery. 2906 
description of an American faetoiy, 2907 
number of British employed in, 873 
processes of, 2910-14 
production of factories, 3160 
year's produce in United Kingdom, 873 
Booth, William, biography, 4449, 4449 
Bora, a cold wind. 3189 
Borage, its hairy leaf, 2370 
Borax, as a food-preservative, 3124 
Bordeaux mixture, plant-disease, pre- 
ventive, 3328 
Bore, tidal, 1741, 1991 
Boric acid, as a pieservative, 3124 
“ Borodino,” oil-driven ship, 1929 
Borstal system, reason for. 3797 
Borzoi, Russian wolfhound, 105 4 
Bosson Glacier, 3067 
icefall, 2919 
Botfly, 4298 

Botocudos, primitive savages, 136L 
Botta, P. E., excavator at Nineveh, 3980 

Bottger, Johann Friedrich, biography, 
4450, 4451 

established porcelain industry, 982 
Bottles, how made, 3027, 3030 
Boulton, Matthew, biography, 4435 , 1436 
Boulder-day, 3066, 3068 
Boulter-fishing, 1107 
Bournville, child-life at, 1856 
cottages, 1851 w 
death-rate, 1850 

Bouvard, astronomer, predicted dis- 
covery of Neptune, 3179 
Bow River, Alberta, 2354 
Bowel, 1421 

action on the blood, 1184 
needs in diet, 3590 
work, 3481 
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Bower-bird, 2974, 2074, 2977 
Matin, 2974 

Bow-legs, canned by malnui ritiun, 1130 
Box-shrub, cells of leaf, 1880 
when brought to Britain, 4109 

Box Tunnel, 1 203 

Boyce, Sir Hubert, pioneer in tropical 
medicine, 3141 

Boyhood, its superior qualities, 441 
Boyle, Robert, biography, 4402, 4762 
Boys, C. V., his experiment to liud 
density of curtli, 200 
Bracken, 4170 

Braconnot, inventor of explosive, 2400 
Bradford, a woollen centre, 2f> 19, 2500 
Bradley, James, biography, 4478, 4178 
Bragg. W. H., experiments with X-rays, 
3247 

Brahe, Tycho, biography, 4179, 4479 
Braille, Louis, biography, 4437 
Brain, 61, 1896 , 1898, 1901 , 1902 , 1903 
anatomy of, 1897 
association-cells of, 1660 
best, in middle age, 4083 
best way to stimulate, 1907 
Broca’s area, or speech-centre, 3227 
capacity in early man, 1121 
cause of man’s survival, 312 
completed in infancy, 3833 
complex nature of its control, 3229 
control centres In, 1904 
dependent on phosphorus, 910 
development in first seven years, 1131 
development's elfcct oil skull, 307 
educability, 3109 
foldings of, 2017 
hampered by alcohol, 2871 
how it comprehends words and music, 
3228 

how it sleeps, l L94 
how it thinks 2016 
man's aiid ape’s compared, 188 
man’s and dog’s compared, 2021 
man’s and woman's compared, 751 
nerve-cells of, 1791 
psycho-motor cells, 1667 
size in relation to capacity, 3829 
stimulated by caffeine, 2394 
surgical operations on, 3801 
storehouse of memories, 3108 
visual centre, 2383 
why man’s is large, 298(1 
Brain-cells, 62, 63 
Bramah, Joseph, biography, 4438 
his hydraulic press, 1120 
Bramble, 2482 
Brambling, 2498 
Bran, in bread, 3117 
Branches, arrangement in trees, 3925 
how they take root, 2844 
why they do not break off easily, 4173 
Branly, Edouard, invented a coherer, 
211,2037 
Brash-ice, 2954 

Brazil, British investments in, 1000 
coffee industry, 3025 
increase of exports in 10 years, 2921 
increasing imports, 4358 
trade progress in 20 years, 1357 
trade with United Kingdom, 1210, 1241 
Bread, value as food, 31 15 
Breaker, machine in paper-making, 008 
Breakers, 2107, 2109, 2110 
Breakfast, the best, time for it, 72 
Breakwater, 2303, 2304 
Fishguard, 2298 
Bream, common, 3692 
silver, 3699 

Breastbone, of man, 824 
Breast-plate, its valueless nature, 1888 
Breathing, 1554 
exercises in, 1912 
how elfeeted in man, 1303, 1306 
through the nose, 571 
Bredichin, theory of comets. 3425 
Breeding, experiments in, 2001 
Mendelism in, 2474 
revelations in experimental, 2476 
Breithorn Glacier, 3072 
Brennan, L. ( biography, 1685, 4545, 4546 
mono-rail, 1078, 1684-9 
torpedo, 2764 

Brewing, cost of n year’s materials in 
United Kingdom, 873 
number of British employed, 873 
production in United Kingdom, 873 
Brewster, Sir David, biography, 4464 
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Bricks, fluctuation of prices, 2557 
made of slag concrete, 4401 
where used, 2777 
Bricklaying, a new method, 1346 
Bride-gifts, probable origin, 372 
Bridestones, at Camp, 3720 
Bridge, 3374-91 
ditferent types, 3376 
exposure to wind pressure, 2300 
Forth, 2301, 2302 
Pembina Itiver, Canada, 1452 
Petrusse, Luxembourg, 3378 
Tower, London, 2301 
Bridge-building. 3375, 2426 
facing 3377 
Bridle-path, 2420 

Brigandage, where not held a crime, 3526 
Bright; John, and working classes, 2807 
Bright’s disease, cause of, 3478 
Brindley, James, biography, 4546, 1547 
Brine, 4099, 4108-10 
dissolved from rook-salt, 2472 
use in refrigeration. 3128 
Bristles, sources of Britain’s supplies, 2559 
Bristle- worm, 4178 
Britannia tubular bridge, 3380 
British Columbia, gold mine in, 855 
British Constitution, 3166 
British Empire, national feeling in, 4008 
population, 1113, 1114 
trade compared with United Kingdom’s, 
1114 

white population in, 4354 
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Brittle-star, 3821 
Brixham, fishing port, 1099 
Broadbent, B., eugenic worker, 1016 
Broadside, fired by battleship, 2398 
Broca, Paul, biography, 4499 
discovered speech -cent re in brain, 3228 
Broca’s area, in brain, 2018, 3227 
Broccoli, 1402 
Brocket, Venezuelan, 1419 
Brockway, Zebulon R., biography, 4451 
Broggerite, 1155 
Bronchi of lung, 1305, 1309 
Brontosaurus, 49, 399 
! Bronze Age, picture by F. Cormon, 1840 
Brooklands, scene of record ride, 4336 
Brooklyn Bridge, 3390 
Broom-rape, a parasitic plant, 2960 
Brotherhood, factors making for, 2808 
Browne, Sir Thomas, on mutations, 2238 
Brown-scale, insect disease of goose- 
berries, 3152, 3453 
Bruce, Sir David, biography, 1500 
investigator of sleeping sickness, 3559 
Bruce, James, biography, 4103, 4403 
his drawings of Abyssinia, 4401, 4405 
Bruckner, of Berne, his forecasts of 
weather, 3362 

Brunei, I. K., biography. 4548, 4548 
his Saltash Bridge, 4544 
the “ Great Eastern,” 4549 
Brunei, Sir Mark, biography, 4550, 4551 
made the Thames Tunnel, 1199 
Bruno, Giordano, biography, 9, 4535 
his monument, 4535 

Brunton, Sir Lauder, discovered value of 
amyl nitrite, 3679 
Brunton, William, biography, 4551 
Brush-turkeys, 25)82 
Brussels-sprouts, 1405 
Bryce, Alexander, his ” Modem Theories 
of Diet,” 3481 
Bryony, black, 2607 
Buch, Leopold von, biography, 4487 
Buckshorn plantain, 2250 
Buckthorn, introduced into Britain, 4169 
section through fruit, 3808 
Buckwheat, length of seed-life, 2003 
Bud, 1 L68, 2364, 2365 
adventitious, 2364 
axillary, 2363 
lateral, 2363 
terminal, 2363 
winter, 2363 

Buddha, t caching on life, 1033 
Budding, form of reproduction, 792 
in plant propagation, 1646, 1649 
Bude, breakwater at, 2303 

Budgerigar, 2978 

Budin, his work in eugenics, 892, 1015 
Bud-mite, black-currant pest, 4294 

Bud-scales, 2363 
Buffalo, 1057 
Asiatic, 1058 


Buff on, George L. v biography, 4502, 4502 
his ideas on evolution, 1034, *1030 
Building, cost of materials iu United 
Kingdom, 873 
how cleaned, 2653 
how stimulated, 3158 
number of British employed, 873 
output iu 1907, 3159 
production in United Kingdom, 873 
Building society, 3888, 385)0 
Building-stone, artificial, 2164 
Bulb, part of the brain, 1898 
Bulb, in botany, as storage factor, 2128 
fed by green leaves, 1170 
regular maturing of, 1287 
scaly, 2133 

Bulgaria, railway mileage, 160 L 
trade progress in 20 years, 1354 
Bulkheads, in shipbuilding, 3512 
Bull, John, cartoon, 3956 
Bulldog, English, 1055 
French, 1053 

shape altered by fanciers, 1 403 
Bullerborn, intermittent spring, 2466 
Bullet, its speed, 3016 
Bullfinch, 2190, 2975 

Bull-frog, 3334 
Bull-snake, 3102 
Bulrush, 2845 

Bunsen, R. W.« biography, 4464 
his theory of geyser-action, 4028 
Bunt, on wheat, 3330 
Bunyan, John, his birthplace, 2565 
Burbank, Luther, biography, 4452, 4453 
American botanist, 2329 
Bureaucracy, advantages and disad- 
vantages, 2207 
effect on inventiveness, 2444 
English tendency towards, 3045 
success iu India and Egypt, 2808 
Burial, cave, 3905 
Burke, Edmund, portrait, 2207 
Burke, R. O., biography, 4513, 4514 
lost in Australian desert, 4515 
Burnham, John, deviser of American 
windmill, 2520 

Burning, as a punisliirmt for ."rime, 
3529 

Burns, Robert, his cottage, 2565 
Burr, 2846, 2847 
as seed disperser, 2845 
in wool, 2541-2 
Bur-reed, barbed fruit of, 2971 
Burton, Sir R., biography, 4514, 45U 
pictures of his travels, 4517 
Bushbrick, 1535 
Bush-fire, 2829 

Bushnell, David, biography, 4552 
inventor of a submarine. 2760 
Business, organisation, 3396 
Buv», Frances, biography, 4565, 4566 
influence on girls’ education, 1007 
Bustard, 2731, 2732, 2732 
Bustard-quail, 2982 

Butcher’s broom, sections of root and 
stem, 2253 

Butter, microbe that helps to make, 
3076 

transported in cold storage, 3135 

value as food, 25)97 

why it becomes rancid, 3076 
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Buttercup, leaf, 2366 
leaf- venation, 2367 

Butterfly, 4055) 

appearance with flowers, 3080 

brimstone, egg, 4063 

cabbage, 4062, 4066 

dead-leaf, 4066 

eggs, 4063 

limited vision, 3091 

painted lady, 1760-1 

purple emperor, 4066 

silver- washed frit illary, eggs, 4063 

sil vc-studded blue, eggs, 4063 

small copper, egg, 4063 

swall iw-tail, life-cycle, 4000 

tongue of, 3088 

wall, eggs, 4063 

white; 4062 

wing’s edge, magnified, 4060 
Butter-making, 3261, 3265 
Butyric acid due to bacteria, 3076 
Buzzard, 2854, 2855 

Buzzing, how produced by inserts, 4296 
Bye-elections, political influence, 2682 
By-products, should be saved, 1442 
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C 

Cabbage, attacked by caterpillars, .1448 
early drumhead, 2187 
length of seed-life, 2003 
structure, 2363 
transpiration of water, 2367 
wild and cultivated, compared, 1405 
Cables, telephone. 707 
Cabot, Giovanni, oioaraphy, 4510 
Cacao-tree, 3628 
native to South America, 36 U 
Cachalot, 2260 
Cacomistle, 687 
Caotns-plants, 2488, 2488 
in Arizona desert, 2827 
Caddis-fly, 4301 

Cadmium, makes gold brittle, 656 
Caecum, 1420 

Caesium, an clement, how discovered, 524 
Caffeine, 2302 
Called, 2305 
Caiman, 1800 

Cairngorm, formed from silicon, 009 
source of colour, 654 
Caisson, structure of, 2648 
used in building Forth Bridge, 2,379 
Calamites, source of coal. 912 
Calcium, amount in earth’s crust, 272 
found in all plants and animals, 781 
necessary in soil, 200 
properties, 781 
salts a food of plants, 417 
vapour in the sun, 201 
Calcium carbonate, constitutes chalk and 
limestone, 781 
percentage in water, 1752 
Calcium sulphate, percentage in water, 
1752 

Calcium sulphide, gives off phosphores- 
cent light, 1147 
Calcutta, ice factory at, 3130 
Calendering, in paper-making, 609 
California, electric power in, 2288 
railway up Mt. Lowe, 4213 
Callisto, a satellite of Jupiter, 2910 
Calmette, student of tuberculosis, 3318 
Calotes versicolor, 3211 
Calvados, erosion of its coast, 2112 
Calyx, part of flower, 3683, 3081 
Cambium, 2244, 2366 
Cambium layer, 2253 
Cambrian Era, fossils and place, 396 
strata, 3432, 3433 
Cambridge, 452 
Cavendish Laboratory, 455 
Camel, Arabian, 032, 931 
baetrian, 932, 934 
supplies milk to Bedouins, 3256 
Camembert cheese, 327 1 
Camera, 3483 
long-focus, 3487 
uses iu science, 210 
Camera obscura, 3 183 
Camerun Mountains, 3310 
Campanula, biography, 4537, 4537 
Camphor, in flu* Far Fast, 2166 
synthetic, 2166 
Canada, big game in, 1418 
British investments in, 1000 
coal exports and imports, 2079 
coal output, 486 
exports, 1115 

growth of merchant marine, 1476 
growth of populat ion, 4355 
imports, 1115 

need for increased population, 4334 

population, 1114 

resources, 45)2 

road-making in, 2122 

timber wealth, 2656, 2668 

trade progress in 20 years, 1 357 

trade with United States, 1115 

wealth in its soil, 670 

wheat industry, 1046 

wheat Aelds, 675 

Canadian Pacific Railway, crossing the 
Rockies, 4209, 4212 
Canals, 2313, 2312 
British, 2319 

development in Germany, 623 
flanges, 1099 
(lota, 2317 

Grand, Rotterdam, 2317 
Kiel, 2919 

lift on Weaver, 2285 
need Of ojoilisatlon, 3044 


Canals (c'mtt!.). St. Mary’s Kail, 2317 
suggested system for England, 2321 
waste in competition, 3519 
Welland, Canada, 2317 
Wendovcr, 2212 
Canary, 2492, 2976 
Cancer, 2160 

affected by X-rays, 1074. 3250 
caused through smoking. 2279 I 

curious growth in cells, 665 
effect of alcohol on, 2757 
not a micmhic disease, 4041 
prevalence of, 2757 
X-ray treatment of, 3250 
Cancer-cells, attacked in lymphatic 
glands, 1 187 

Cancri, Zeta, a triple star. 3001 
Candle, made from parallin, 3136 
Candle-dock, 3725 
Candleflsb, 3699 
Candy, made from wheat, 2102 
Cane, section of piece, 07 o 
sources of Britain’s supplies, 2555) 
Cane-rat, 2112, 2139 
Cane-sugar, cultivation. 4220. 1222-3 
Canes Venatici, its nebula, II fl 
Canker, attacks tomatoes, 3451 
disease of potato and cucumber, 3150 
Cannibalism, a superstitious custom, 1 127 
Canning, the industry, 3124 
Canyon, 2832 
(fraud, Arizona, 2501 
railway bridge across, 3382 
Canongate, Edinburgh, debased alum 
population, 1250 
Canterbury Bell, faring 807 
Cantharellus tubceformis, 3204 
Cantilever, 2300 

system used in bridges, 337 1, 338*2 
Canton, John, biography, 4553, 1553 
Caoutchouc, or indiarubher, 1222 
sources of Britain’s supplies, 2559 
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Cape Colony, coal output, 486, 487 

Cape Town, 2820 

Capella, star in Auriga, 3542, 4250, 4260 
rate of motion, 1015) 

Capercailie, 2982 
Capillaries, 1003, 1003 
Capital, a source of wealth, 3275 
accumulation by communities, 3280 
conflict with lalwMir, 2808 
economic use* 3278 
employment by a nation, 3280 
migration of, 1 1 1 5 
watering of, 3280 
Capitalism, 2145, 2562 
advantages and disadvantages, 3518 
Capsule, how it ejects seeds, 25)66 
Malpighian, 1542 
Capybara, 1780 
Carabidce, 425)9 

Carbohydrates, what they are, 2830 
Carbolic acid, discovery of ils antiseptic 
qualities, 375)5 
obtained from coal, 483 
product, of coal-tar, 915 
Carbon, characteristics. 910 
lllament in lamps, 2885 
lixation by a plant, 2368 
food for plants, 1385 
found in protoplasm, 280 
necessary in soil, 290 
numerous compounds. 5)10 
part of earth's crust, 272 
percentage in fuels, 467 
used in steel manufacture, 650 
Carbon-cycle, 4276 
Carbon dioxide, food of plants, 416 
how given off by plant, 2368 
in atmosphere, 1388 
properties, 1508 
proportion in the air, 1507 
Carbonate o! lime, in water, 1750 
percentage in Bath-stone, 2790 
used in glass-making, 3024 
i Carbonate of soda, in glass-making, 3024 
Carbonic acid, food of the leaf, 116, 2835 
made in human body, 1188, 1306 
use in refrigeration, 3128 
Carboniferous Age, an ideal picture, 401 
chara etrrist ies, 35)8 
fossils and place, 396 
Carborundum, used in grinding metal, 8 18 
Carburetter, part of motor-ear, 80, 4311 
Carchariaa gangeticus, a river-shark, 34G0 
Cardan, shaft of motor-car, 4342 


Cardiff, Town Ball of, 2022 
Carding, in cotton industry, 342, 344 
Carding-machine. in woof Industry, 2544 
Cargo-boat, her special design, 3508 
Carline thistle, wind-borne .seeds „f t -JS42 
Carlsbad, its thermal springs. 2168 
Carlyle, Thomas, as a political seer, 2808 
biography, 4103, 4532, 1536 
on war, 4126 

Carnation, method of lavering, 1017 
Carnivora, 125 

Carnot. Nicholas biography, 4166, 1100 
his ideal engine, 1916 
Carp, common, 3092, 3700 
golden, facing 3701 
leather. 3002 
Prussian, 3000 
Carpel, part of flower, 30 s 1 
Carpenter, W. B., biography. t:.62 
Carpet, manufacturing centres, 2550 
Carpincho, 1780 
Carpus, or wrist-hone, s 20, 827 
Carrageen, Irish seaweed, l >ss 
Carrara, Italy, it.s marble quarries. 785, 
2787, 2788, 2789, 2793 
Carriage exercise, its value. ioi)7 
Carrot, great while Belgian, 2187 
leaves, 2183 
length of seed-life, 2003 
wild and cultivated, compared, 1105 
Carteret, Philip, biographx, 15 is 
Carthage, remains, 376 
Cartier, Jacques, hiogiapliv, 1515), ivio 
Cartilage, the bans of In me, N29 
Cartwright, E., biography, 25.17, 1553 
invented power loom, 2537 
Cascade Mountains, Oregon, 3311, 3310 
CasFinogcn. a pr.item of milk, 25)97 
Caspian Sea, 1867, 2228, 2231 
its lack of rain. 2828 
Cassini, G. D., biogrnphv, list. Ils I 
elucidated Saturn’s lings. 3061 
Cassiopeia, const ellat ion, 1257, 1259 
Cassique, 25)75) 

Cassowary, 2862 
Casterton stone, 275)0 
Castor, a binary star, 3900, ',003 
rate of motion, loll) 

Cat, 13 4 

how it may help closer, 272L 
in fur industry, 31 15) 

Catacombs, 35)05 
Catalepsy, 1191 
Catalyser, 2173. 1333 
Catapult fruit, 2968 
Cataracts, 3785 
Cat-bird, 25175) 

Catch-cropping, in 18 
Catch-fly, 2728, 2725) 

Caterpillars, of V moth. 1280, loon 
oil a cabbage, 31 is 
prey erf solitary wasp, 3010 
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Cat-fish, 291. 3161 
Catgut, use* in surgery, 375)7 
Cathode, 3210 

Cathode-tube, eleseiipt iou of, 162 
Catkin, of aleler-tree, 30 SO 

Cat-snake, 3102 
Cattle, 3251 

eon! rolling vegetation, 2720 
Empire's growth in proehie tion, 15) l 
humped, 1058 

importaner iu e-arly days, 1812 
number in United Kingdom, 1056 
Cattle-punchers, 35 52 
Cattle-ranch, in Arizona, 3540 
Cattleya, Mexie-an ore-hid, 2002 
Caudata, lailenl amphibians, 33:13 
Cauliflower, 1405 
yield, 218 4 

Caulking, in shipbiiileling, 3515 
, Causation, uui\ duality of, 258 
Cave, 35)05 

( tri-at Peak, Derbyshire, 3907 
1 grotto at Morgat, 3912 

Mammoth, Kentucky, 2587, 3008-3010 
Western Australian, 3011 
We>. .key Hole, 3900 

Cave-bear, fooel of the Memsteiians, ] 121, j 
1 1125 

■ Cave-man, when lie* lived in Europe*, 402 
Cavendish, Henry, biography, 4467, 4108 
Cavendish Laboratory, 455 
Caviare, roe of the sturgeon, 3700 
I Cavy, Patagonian, 1780 


5153 



HARMSWORTH POPULAR SCIENCE 


Cayley, Sir George, discovered laws of Chalcolite, 1155 

flight, 1320 Chalk, deposits, how formed, 783 

Cedar, when introduced into Britain, 4180 dcstructibility of, 186 


Celandine, greater, its leaf, 2-100 
Celery, discuses affecting, 3351 
fly that attacks, 3455 
leaf-diseases, 3455 
maggot attacking, 3448 
Celery-fly, 3454, 3455 
Celery-stem fly, 3454 
Celibacy, change in ideas on, 3171 
Sir F. Gal ton on, 3051 
Cell, 534 , 

assuming shape, 665 
beginning of life, 663 
build up an organism, 788 
common origin of vegetable and animal 
life. 780 

complex structure, 157 
discovery of, 277 
position in embryo, 788 
eye's. 2384 
growing points, 1156 
hypoblast, position in embryo, 788 
how it divides, 535 , 536 
libriform or woody fibres, 4174 
limitation of growth, 1 163 
mechanics and dynamics of, 278 
mcsoblast. position in embryo, 788 
nature of its wall or membrane, 278 
one originating all forms of life, 531 
plant, affinity for water, 416 
plant, openings in wall, 415 
red, 1184 

varying size, shape, and structure, 270 
why it divides, 283 
work in glands, 1 543 
yeast-plant’s, 1884 
Cell-division, 283, 530, 1873, 1885 
a factor for the making of more life, 408 
Cell-nucleus, of wheat grain, 2001-5 
Cell-soul, 2268 
Cell-tissue, 180 , 1882 
Celluloid, composition of, 2404 
fire-resisting, 3967 
inflammability, 3962 
use in cinematography. 1562 
Celsius, Anders, biography, 4554 
Celts, their conquest of the IberiaiiH, 1844 
Cement, British exports and imports, 2803 
combination of its makers, 3522 
made from waste slag, 1439 
Portland, used in concrete building, 1341 
Centaur, constellation, 4257, 4259 
Alpha, brilliant swift star, 4019 
binary star in, 3898 
globular star-cluster in, 4159 
Centipedes, 4177, 4187 
sea, 4178. 4179 
Centrifugal force, 1740 
difference at poles and equator, 2697 
Centrosome, 1996 
in male gcrm-ccll, 667 
its work in cell-division, 539 
“ weaver of loom of life,” 666 
Cephalopoda, 3465 
Cepheus, constellation, 4257, 4259 
Delta, its variable star, 3781 
Oeratosaurus, 49 
Cereals. 3115 
Cerebellar ataxia, 1900 
Cerebellum, 1898, 1901 , 1902 , 1903 
Cerebrum, 1898, 1899 , 1901 , 1902, 1903 
Cereiei, 2608 

Ceres, a minor planet, 2822 
Cerium, an element, where found and 
how used, 525 

Geroplatus sesioides, a phosphorescent 
midge, 4297 
Cetaoea, 2255 
Cetus, constellation, 3779 
Ceylon, coffee plantations, 3623 
palm-trees on Its shore, 3664 
pearl fisheries, 1585 
tea-plantations, 3612-22 
trade progress in 20 years, 1355 
Veddahs of, 436 

Chadwick, Sir Edwin, biography, 4565 
) pioneer in public health, 3285 

Cnsstopoda, 4178 

Chsstopterus, phosphorescent , 4178 

Chaffinch, 2490 , 2498 

Chafing-dish, heated by electricity, 4097 

Ohagres, River, 1045 
Chain-makers at Cradley Heath, 888 
Chain-saw, 836 

Chaloedony, formed from silicon, 909 
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picture of a quarry, 782 
shells that form, 287 
value as subsoil, 166 
Chalk-hills, how fonned, 1870 
“ Challenger,” H.M.S., exploration of 
ocean bed, 1868 
Chameeleon, 1041 , 3213, 3216 
ChamesauriL 3219 
Chamberlin, T. biography, 4488 
Chamois, 1534, 1535 
Chamoising, 2900 

Champollion, solved mystery of hiero- 
glyphics, 3978 

Change, always going on, 513 
philosophy of, 2866 
rooted habit of Nature, 646 
Chanterelle, 3204 
Chaos, never has existed, 514 
Chara, 2489 

Character, relaxed under alcohol, 2876 
Characteristics, value of recording, 2813 
Charcoal, 911 

used in sugar-refining, 4232 
Charcot, Jean M. t biography, 4503 
Chard, a divide of rivers, 2348 
Charity, 2570 
in relief of poverty, 3766 
painting by A. 8. Cope, 4078 
Charleroi, ironworks at, 212 , 1504 
Charlock, flowers in winter, 1 287 
“ Charlotte Dundas,” steamship, 3502 
Charmoz, Grand, the needle peaks, 400 
Charnwood Forest, its granite, 2780 
Charr, 3699 
Chats. 2497 
Chatterers, 2980 

Chaudes-Aigues, thermal springs, 2470 
Cheddar cheese, 3270 
Cheese, inicrolic that makes, 3076 
Roquefort., made from ewes' milk, 3256 
Cheese-cloth, used in tents for tobacco- 
raising, 3856 

Cheese-making, 3267-9, 3270, 3271 
Cheetah, 434 , 435 

Chelsea, power-house at. 4086 , 4091 
Chemicals, a basis of industry, 1448 
British imports and exports, 2797, 2798 
British oversea trade in manufactured, 
997 

cost of materials, United Kingdom, 873 
number of British employed, 873 
reduction in United Kingdom, 873 
emist, his important position, 90 
ChemiBtry, agricultural, 925 
physiological, 2356 
synthetic, 2163 

Cheque, a bill of exchange, 3880 
what it stands for, 110 
Cherrapunji, its abnormal rainfall, 2826 
Cherry, its inflorescence, 3687 
leaf-arrangement, 2364 
Cheshire oheese, 327 L 
Chesil Bank, 2114 

Chesney, Francis R., biography, 4521 
on a raft on Euphrates, 4521 
Chest, its proper clothing, 1554 
senile enlargement of, 1794 
Chestnut, Horse, 4171 
vortical twig of, 2483 
Chestnut, Sweet, its buds, 1173 
its length of life, 4172 
when brought to Britain, 4169 
Chevreul, M. Eugene, French chemist, 
2172, 2174 

Chevrotain, Indian, 302, 1417 
Javan, 1417 
water, 300 

Chicken, its activity after birth, 1159 
Chickweed, its flower, 3682 
Chiff-chaff, 2495 
Child, care of its health, 3833 
chief factor in society, 626 
creator of family system, 242 
“ Fight for the life of the,” 3316 
German and English compared, 512 
ideal of the race, 1493 
illegitimate and high death-rate, 891 
leader of humanity, 240 
needs sleep, 1197 
society as its protector, 115 
susceptible to most diseases. 1J33 
susceptible to tuberculosis, 3317 
The Naughty,” by Landseer, 3342 
victim of cruelty, 3052 


Chilblain, cause and euro, 143*> 
Child-labour, 4373 
Child-life, municipal care for, 2926 
in the mine, 464 
in the slums, 512 
in the streets, 1248 
Children’s Act, 1136, 3288 
Chili, British investments in, 1000 
increase of exports in 10 years, 2921 
increasing imports, <4358 
oligarchical government, 1484 
railways. 1456 

trade with United Kingdom, 1241 
trade progress in 20 years, 1357 
Chili saltpetre, its value as manure, 780 
Chimeera, a fish, 3464 
Chimboraio, Mt„ 4029 
Chimney, being replaced by fans, 3610 
value in ventilation, 450 
Chimpanaee, 169, 170 , 171, 173 
its eye-ground, 1161 
China, coal resources, 234, 746 
country of a great race, 561 
example of conservatism, 116 
food problem of. 1962 
future possibilities. 382 
growth of its merchant marine, 1470 
increase of exports in 10 years, 2921 
manufacturer ousting craftsman, 3003 
Pcking-Kalgan Railway, 4352 
porcelain industry. 978 
railways of, 1596, 1601 
riccflelds in, 1967 
rigid conventions in, 1247 
trade progress in 20 years, 1355 
trade with United Kingdom, 1240, 1241 
woman’s status in, 88 L 
China clay, industry, 977, 976-991 
Chinchilla, 1778 , 1780 
in fur industry, 3138 , 3146 
Chinese, as bridge- builders, 3375 
cultivators of silk moth, 3737 
cultivators of tea, 3614 
father and son carrying tea, 3614 
fear of ghosts, 1724 
group pictured, 563 t - 
mental ability, 3005 
monogamy among, 500 
racial differences, 4000 
woman with hound feet., 1435 
Chipmunk, 1656 , 1658 
Chiromeles, 2007 

Chironomous plumosus, the common 
I>1 limed midge, 4297 
Chiru, 1540 

Chisel worked by compressed air, 2644 
Chital, 1416 

Chittenden, R. H., authority on diet, 3232 
theory of parcimony in nutrition, 3477 
Chivalry, Age of ; did it exist ? 885 
Chloral, a dangerous drug, 2158 

Chloralamide, 2158 

Chloride of potassium, extracted from 
brine, 4101 
Chlorine, 1448 
bit aching agent, 908 
by-product, of soda-making, 4110 
characteristics, 908 
combines with sodium, 779 
food of water-plants, 417 
properties, 780 
Chloroform, 2157 
discovery and value, 3676 
Sir James Simpson testing, 3677 
Chlorophycess, green seaweeds, 4283 
Chlorophyll, 1770 
absent in fungi, 3208 
adaptable, 2483 

compared with hemoglobin, 1185 
insoluble in water, 4283 
leaf’s, 2367 

movement in leaf, 2604 , 2605 
plants that lack, 2482 
transformer of sunlight, 2836 
Chocolate, 2397, 3626 
how manufactured, 3629 
Choice, man’s power of, 1790 
governed by the brain, 2023 
Choking, how caused, 1304 , 1305 
Cholera, Asiatic, due to microbe, 3565 
Asiatic, visitation in England, 3285 
British, or infantile, 3565 
rate of reproduction of its microbe, 532 
Chordariaoe®, seaweeds, 4290 
Chorea, 2694 

Chorley, A. E. his duplex valvcless 

sas-enginc, 3851 
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Chon-ehot doc, 1052 
Ohousingha, 1536 

Christianity, it* enfranchising power, 2085 
Christie, W.H.M, biography, 4182, 4482 
Chromatin, in germ-cell, 1006 
Chrome-tannage, 2902, 2903 
Chromium, an element, used in manu- 
facture of steel, 525 
Ohromogen, 2475 

Chromosome, in germ-cell, 538, 664 
Chromosphere, of tftn, 1977, 2097, facing 
2097 , 2098 
spectrum, 2098 

Chronometer, 3732 
Chrysalis, 4060 
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Chrysanthemum, Baby Gem, 1407 
Lady Talbot, 1407 
Chrysoprase, its source of colour, 654 
Chub, 3692 

Churoh, its attitude to war, 2687 
Churchill, Lord Randolph, his gospel of 
Tory Democracy, 2807 
Churn, as used in butter-making, 3269 
for milk-conveyance, 3263 
Churning, .3265 
primitive, in Palestine, 3256 
Chyme, food as it enters the towel, 1426 
Cicada, English, 4300 
Cigar, 3859 

consumed by beetles, 4300 
English consumption, 3870 
manufacture in Burmah, 3872 , 3873 
manufacture in Havana, 3870 
Cigarette, consumed by beetles, 4300 
English consumption, 3870 
method of manufacture, 3873 
Mexican factory, 3871 
Cinematograph, 1559 
machine, 1558 , 1559 
Cinnabar, red sulphide, 657 
Cinquefoil, 1773 
Circulation of blood, 1061 
Cirro-cumulus clouds, 2710 , 2712 
Cirro stratus clouds, 27 1 2 
Cirrus clouds, 2706 , 2712 
associated with aurora*, 2705 
Citizenship, 2923 
as a study, 3163 

City, comparative population of, 509 
the ideal, 2923 
Civet, 2142 
paltn, 2134 
Sumatran, 2134 
Civics, 1849 
importance, 3163 
study necessary to eugenics, 1976 
Civilisation, crisis in industrial, 2809 
effect on races of man, 568 
founded by usurpation in Egypt, 880 
Us common mind, 114 
Mousterians, 1121 
Clam-shells, 3823 
Clan, how it originated, 1124 
Clarkia elegans, its pollen grains, 369 1 
Clarkson, William, biography, 4567, 4567 
Class-war, discouraged by Socialists, 2686 
Classification, a process in the mind, 641 
Claude, Georges, invented neon light, 2895 
Clavicle, or collar-bone, 820 , 826 
Clavius, astronomer, 1018 
Clay, good conductor of heat, 3188 
silicate of aluminium, 909 
value as manure, 161 
Clay, China, used in paper-making, 612 
used in pottery, 977, 976-91 
Cleanliness, factor in health, 446, 1076 
need for personal, 1430 
Clearing House, Rankers 1 , amounts 
cleared <1896-1910), 873 
its value to banks, 3881 
paper money cleared at, 3882 
what it does, 874 
Cleavage, geological, 3434 
Clematis, Wild, 2607 
Cleopatra, terrace and pools, 2471 
Clerk Maxwell, J., biography, 4*28, 4829 
Clerke, Agnes, biography, 4482 
“ Clermont, 11 Fulton’s steamboat, 3502 
Cleveite, found by Sir W. Ramsay, 200 
Clifford, W. biography, 4539, 4539 
Clifton, suspension bridge at, 3380 , 3384 
Climacteric, its biological meaning, 4084 
Climate, affecting parenthood, 1041 
how it originated, 2700 
Humboldt’s definition of, 3183 
Climbers, plant, 2250 


Clinics, School, 3288 
Clinker, from a dust-destructor, 1447 
Cliona, a boring sponge, 3818 
Clipper-ship, 3002 , 3500 
Clock, astronomical, 3722 , 3723 
Glastonbury Abbey, 3722 
Greenwich, 3726 
huge hand of a, 3728 
ornamental. 3727 
Strassburg Cathedral, 3723 
value in recording time, 3724 
Cloth, invention, 753 
how manufactured, 348 
Clothing, 1551 

British exports and imports, 2679 
cost of a year’s materials in United 
Kingdom, 873 
essential purposes, 1429 
how made dirty, 446 
in psychology, 3I7U, 3586 
number of British employed, 873 
production in United Kingdom, 873 
woollen types, 2548 
Cloud, 1089 , 2707, 3182 , 3184 
classification, 2712 
condensing on mountain, 2346 , 2831 
how formed, 2825 
in primeval days, 2699 
on the sun, 1977 
various types, 2706 - 13 
why coloured, 2710 

Clouston, Dr. T., biography, 4082 , 4503 
on “ Hygiene of the Mind,’’ 4083 
Clover, length of seed-life, 2003 
section of stem, magnified, 970 
white, 2250 
Club, Thrift, 3888 
Club-moss, 915 
fossilised stem of, 920 
Clupeidse, 3576 

CIuster-cup ( disease of gooseberries, 3452 
Clusters, Globular, prevalent in AJilky 
W ay, 4258 

Clyde, why a shipbuilding centre, 3505 
Cnidaria, 3819 
Coach-horse, beetle. 4208 
Coagulation, of rubber, 1231 
Coal, 165 

amount in United Kingdom, 358 
British oversea trade in, 997 
by-products of, 482, 217 1 
curiam wealth of, 167 
carriage by canal in France, 2316 
chemical products of, 482 
constituents of, 467 
discovered in Kent, 2772 
Empire’s growth in production, 491 
energy measured, 915 
exportation by Britain, 2073 
lluctuatiou of prices, 2556 
found in the Antarctic, 915 
how it helps shipping, 362 
how it originated, 912 
how loaded on ships, 840 , 841 
how wasted, 1916 
output of Greater Britain, 480 
prices at pit’s mouth, 618 
relation to national economy. 2076 
resources and output of the minor 
countries, 741-745 
resources of loading countries, 746 
seams, 468-9 

source of electrical power, 4088 
texture compared with wood, 405 
vuluo as fuel, 234 
waiting for transhipment, 2077 
when formed, 2699 
why it attracts industry, 359 
world’s output, 470, 619 , 620, 621 
Coal-bed, direct source of power, 4333 
Coalbrookdale, site of ironworks, 1951 
Coal-eutter, revolved by air-power, 2611 
Coalfields, Britain’s, 2072 
geologicul position, 467 
storehouse of solar energy, 4325 
where existing in the world, 470 
Coal-forest, Ideal picture of, 404 
what it was like, 912, 914 
Coal-gas, its first use for lighting, 2882 
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Coal-mines, available power in world’s, 80 
dependent on ponies, 1051 
use of compressed air in, 2644 
work in, 873, 464-83 
Coal-plant under a microscope, 963 
Coal-products, British exports, 2798 
Coal-sack, in Milky Way, 4258, 4259 


Coal-tar, source of drugs, 2027 
source of dyes, 915 
Coast, geology of English, 2112 
length of world’s, 1869 
1 Coast-erosion, a national matter, 3044 
Coati, 687 

Cobden, Richard, biography, 4568, 4569 
Cobego, 1176 
Cobra, 3098, 3101 

Cocaine, a dangerous drug, 2 15*', 36*0 
Cooci, round bacteria, 2839 
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Coccidee, 4302 
Coccoliths, 1871 
Coccosphere, 1871 
Coccyx, 820 , 826 

Cochineal, insects on opuntia leaf, 4302 
Cochlea, in car, 2500 , 2503 
Cockatoos, 29 72 
Cockchafer, 4297 
antenna*, magnified, 968 
eye, magnified, 972 
Cockle, 3820 , 3824 
Cockroach, 4296 

Cocksfoot, receiving pollen grains, 3680 
Cocoa, as a beverage, 2396 
beans on trees, 2397 , 3626 , 3627 , 3628 
British imports. 2437 
Empire’s growth in production, 491 
industry, 3626 
its preparation, 3630 , 3631 
where most drunk, 3614 
Cocoanut, why it flouts, 2971 
Cod, 3580 

number of its eggs, 3458 
Codium, 2489 
Codlin-moth, 3568 
parasitic on apple-tree, 4295 
Cmlenterates, 1755 , 3818 
Coelostat, 1082, 1085 
Coffee, us a beverage, 2391 
British imports. 2437 
Empire’s growth in production, 491 
industry, 3621 
plantation, 3623 
promotes wakefulness, 1315 
where most drunk, 3614 
Coherer, 204 
Coins, European, 3877 
man ufact urc at Mint, 3994 
primitive, 3874 

Coke, by-product of gasworks, 1451 
how obtained and used, 1442 
used in an electric battery, 4331 
yield from a ton of coal, 482 
Cold, Affects volume of water, 1749 
us a stimulant, 609 
enemy of future life, 4275 
malady caused by microbes, 954 
how it. is “ caught,” 573 
why it affects hearing, 2503 
Cold-storage, 3124 
for English fruits, 2192 
Coleoptera, 4299 

Colet, John, biography, 4570, 4571 
Collar-bone, or clavicle, 826 
Collenchyma, special tissue in wood, 4174 
Colletia, 2725 
Collie-dog. 1052, 1053 
Colliery, the working of a, 479 
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Collision, between stars, 4276 
Collodion, 2404 

Colombia, South America, trade with 
United Kingdom, 1241 
Colon, 1938 

seat, of appendicitis, 3482 
Colonies, British, Britain’s food imports 
from, 2440 

do they drain the Mother Country 1 4354 
their political experiments and achieve- 
ments, 2808 

Colorado, its railways, 4212 
lack of rain in canyons, 2828 
raised beach in desert, 3435 
Colorado canyons, cause of gorges, 2832 
Colorado River, 2354, 2590 
Colour, affects health, 1072 
affects plant's growtii, 1288 
appreciation by eye, 2388 
rapacity for distinguishing, 250 1 
in seaweeds. 4283 
iron’s contribution to, 050 
purpose in plants, 3090 
Colour-blindness, 2360, 2389 
Colour-photography, 3496 
Colour-sense, among birds, 2974 
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Ooltano, wireless station in Italy, 2036 
Oolubrine 3100 
Columbia River, 2354 
log-raft on, 2660 

Columbus, biography, 4522 , 4522 
his ship, 4523 

scenesln his life, 4512 , 4524 
Colsa-oil, as an illumlnant, 2881 
Coma, 1101 
Combassoo, 2070 

Combination among capitalists, 3635 
effects on prices, 3636 
right of, 2325 

Combing-machine, how invented, 2537 
in wool industry, 2545 
Comb-jelly, 1574 , 3818 
Combustion-engines, 1022 
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Gomenius, John A., biography, 4572, 4572 
Comet, 301, 1021, 3417 
passing round the sun, 775 
pictures, 3418-3427 
“ Comet,'* ss.. its steam-engine, 3605 
Oomfrey, a weed worth cultivating, 1040 
Comma-bacillus, microbe of Asiatic 
cholera, 3565 

COMMERCE 

The following are the actual headings of the 
chapters In this group In their consecutive order 
through the first six volumes of this work. The 
subjects urn also dealt with in thoir proper pluciw 
In the index. 

The creator of wealth, 107 
The world’s real wealth, 231 
The flrBt trading nation, 357 
Empire and motherland, 485 
The threo great, powers, 616 
The industrial future, 741 
A year's British wealth, 87 1 
Our commerce oversea, 993 
Ail empire’s business, 1113 
Where our trade is done, 1235 
Mankind’s trade growth, 1353 
The shipping of the world, 1475 
Trade and the road, 1595 
Our wealth from cotton, 1711 
Wool and woollens, 1833 
Trade’s iron sceptre, 1951 
British coal cargoes, 2073 
Shortened trade routes, 2195 
Artificial waterways, 2313 
Feeding the multitude, 2435 
Our workshop supplies, 2553 
Our trade in made goods, 2073 
Manufactured exports, 2797 
The contest for trade, 2915 
Wealth and well-being, 3033 
The making of wealth, 3155 
The sources of wealth, 3273 
Labour and wealth, 3393 
The rise of co-operation, 3517 
Combiuatiou and monopoly, 3633 
The meaning of value, 3755 
The mystery of money, 3875 
Dear and cheap money, 3995 
Methods of world-trade, 4115 
Trade and government, 4235 
The future of trade. 4353 
Sommeroe, a pacific force, 120 
British external, 877 
definition, 107 

dependent on sea-power, 4354 
dependent on statesmanship, 111 
essential for British industry, 358 
growth of British, 4356 
highways of British Empire, 1112 
three greatest nations, 615 
Sommon field, 1964 , 1965 
old English system, 1965 
Sommons, their extent and value, 3038 
village rightB over, 1846 
Communism, 2324 
iu a modern family, 245 
Jompany, Joint Stock, 3280, 3633 
Competition, 3517 

tompositse, their method of seed dis- 
persal, 2968 
Compositor, 2063 
Compound, 131 

how chemists make many unknown in 
Nature, 529 

how split up into elements, 523 
impressed air, 3127 
driving a powerful drill, 4326 
helmet for firemen, 3972 
used in Diesel engine, 1927 
used in glass-blowing, 3031 


Compressed air (contd.), used in shipbuild- 
ing, 3503 

used in submarines, 2770 
used in talking-machine, 1812 
used in tunnelling, 1201 
Comte, Auguste, biography, 1973 , 4540 
on universal evolution, 516 
Conceptacle, of bladderwrack. 1872 
Conciliation, in industrial disputes, 2809 
Concrete, armoured, in building, 1341 
brackets to support road, 2432 
broken by waveB, 2303 
fireproof qualities, 3968 
furniture, 2165 

in harbour construction, 2308, 2310 
mixing plant, 1943 
moulds for, 2308 

reinforced, 1348 , 1349 , 1350 , 1351 
Condensation, of water-vapour, 2825 
Condillac, Etienne de, biography, 4541 
Condiments, 2993 
their value in diet, 3355 
Condor, 2859 , 2860 
Conduction, of heat, 456 
Cone, volcanic, 4029 
Cones, of eye, 2382 , 2387 
Conger, 3791 
caught by line, 1107 
Conglomerate, 2786 
Congo River, 2352, 2354 
Conidia, 3208 

Connemara, its marble quarries, 2792 
Conning-tower, a submarine’s, 2769 
Consciousness, 1790, 2148 
affected by organic sensations, 2745 
part of original nature of life, 1637 
working of the subliminal, 462 
Conservatism, forces that produce, 116 
value in society, 1247 
Conservative Party, 2682 
Constellations, classification, 3537 
in autumn and winter, 3539 
in spring and summer, 3538 
Constipation, 2161 
a common malady. 3595 
caused by tight lacing, 1556 
exercises for curing, 1912 
is it a cause of appendicitis ? 3482 
Constitutions, in relation to states, 1483 
Construction, instinct of, 3474 
Consumption, due to overcrowding, 1731 
how affected by sunlight, 1075 
not caused by alcohol, 2756 
picture by the Hon. J. (Jollier, 3199 
why it killed Grace Darling, 448 
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Continents, changing shapes, 268, 1866 
Contradictoriness, psychical, 3586 
Contra-suggestion, a factor in man’s 
psychology, 3585 
Convection, of neat, 456 
Convention, use in society, 1243 
Convicts, at redemptive work, 3642 
decrease in numbers, 3528 
Convolutions, of the brain, 1905 
Convolvulus, how to destroy, 1171 
Cook, Gapt., biography, 4525, facing 
4527 

death in Sandwich Tries, 4527 
Cooke, Sir William, biography, 4555 
Cooking, elt'ect on meat, 3357 
value of, 2100, 3124 
Co-operation, 3517 
as a means of thrift, 3889 
developed by use of electricity, 4094 
in Danish dairy-fanning, 1238 
Co-operative stores, 3516 
Coot, 2742 

Co-partnership, 3522 
Copepoda, 1574 

Copernious, crater on the moon, 2223 
Copernicus, N., biography, 9, 9 , 10, 
4483 

hiB discoveries, 1017, 4483 
Copper, Empire’s production, 491 
its intra-atomic energy, 1274 
output of Greater Britain, 485 
output of world. 358, 620, 62 1 
sources of Britain’s supplies, 2559 . 
Copper-ore, fluctuation of prices, 2556 
Coppice-wood, 4050 
method of forestry, 4053 
Coprolitei, value as manure, 927 
Corais-snake, 3099 
Coral, 3814 

fonn of carbonate of calcium, 786 
reefs and islands, 3667 , 3671 


Coralline, 786, 4286 , 4287 , 4219 
Corallines, 4290 
Cordite, 2406 
charge of, 2408 
radiograph of, 3252 
sticks of, 2411 
why explosive. 907 

Cork, sources of Britain’s supplies, 2559 
Cormorant, 2613, 2614 
taught to fish for man, 933 
Corn, Indian, 3119 * 
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Corn-drill, 807 
Cornea, of eye, 23 82 , 2385 
Cornelian, source of colour, 654 
Cornfloor, not a valuable food, 3119 
Cornwall, China-clay works, 976 , 978, 
979 , 981 

granite quarries, 2780 
slate quarries, 2794 
tropical vegetation, 3191 
why its climate is mild, 3190 
Corolla, part of flower, 3683, 3684 
Corona, bolometric observations, 2461 
of sun, 1977. 2097, 2103 , 2105 
Corona borealis, 3543 
Coronlum, 2105 
Corpulenoe, 3954 

Corpus callosum, in brain, 1902, 2022 
Corpuscle, relative size to the atom, 
459 

Corpuscular theory, 643 
Correction, House of, 2569 
Corrosion, of rocks by rain, 2830 
Corset, its eugenic influence, 3415 
Cortes, biography, 4528, 4528 
Cortex cerebri, 1905 
its foldings, 2017, 2244 
Corti, region in brain, 2502 
Cortinareus hinnuleus, 3204 
Corundum, formed from aluminium, 654 
used in grinding metal, 848 
Coseguina, volcano, 4034 
Costume, Central African chief’s, 1428 
Cotopaxi, Andean volcano, 4029 
its smoking craters, 1384 
Cotton, British imports anfi exports, 2679 
British oversea trade in manufactured 
ami raw, 997 
British trade in, 1711 
causes of shortage, 238 
Empire’s growtli in production, 491 
fluctuation of prices, 2556 
Imperial sources of supply, 490 
industry, with pictures, 337-355 
national expenditure on, 3159 
number employed in industry, 873 
proportion of export trade, 994 
scenes on an estate, 336 , 992 
sources of Britain’s supplies, 2559 
value to man, 337 
where produced, 342 
year’s production in United Kingdom, 
873 

Cotton-cake, a source of manure, 670 
Cotton-gambling, its effects, 350 
Cotton-mill, value of its plant, 3276 
Cotton-plant, 1714 
how produced, 340 
Cotton-seed oil, uses in industry, 340 
Cotton-tail, Indian, 2740 
Cotyledon, 2002 
of wheat-grain, 2004 
storage chambers of plant, 2127 
Country, more suited for children than 
towns. 3841 
Courlan, 2733 
Courser, 2742 
Cove, how formed, 2112 
Covent Carden, 2176 , 2190 
Cow, importance of milking strains, 2996 
increase of its milk supply, 3255 
Cow-birds, 2979 

Cow-parsnip, its inflorescence, 3687 
Cow-pox, 3917 
Cox’s cavern, 1761 
Coyote, ancestor of jackal, 553 
loypu, 1777 , 1779 
in fur industry, 3146 
Crab, the constellation, ItB star Zeta, 
3903 

Crab, 3824, 4177 
hermit, 3823 
shore. 3822 

* Cradle of Pearl,” picture by W. H. 

Margetson, 3168 
Craftsmanship, in China, 3003 
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Crane, bid, 2731, 2732, 2737 
cominon727d7 
crowned, 2737 
demoiselle, 2737 
Stanley, 2737 

Crane, mechanical device, at n dock, 2200 
electric, 2287 
floating, 3515 
hammer, 2291 
hydraulic, 840 , 841 , 2284 
its wonderful power, 199 
thirty-ton, 2793 
•titan, 2302 

travelling. 838 , 843 , 2286 
use in building, 1338 
Crane-fly, 4296 
Crane's bill, marsh, 2066 
fruits of, 2964 , 2970 
Craniology, 1898 
Cranium, or skull, 828, 1808 
Crans, Dr. C., cinematographer of flying 
bullets, 1569 
Crater. Cotopaxi’s. 1384 
interior of Vesuvius’s, 4037 
lake in extinct volcano, 4038 
on the moon, facing 2217 , 2219 , 2221 , 
2223 , 2224, 2337 


types of volcanic, 4020 

'rater lakes, 4030 


CraL 

Craving, contrasted with thirst, 2631 
Crayfish, 3824 
radiograph of, 3253 
Cream, 3264 , 3265 
microbe that helps to make, 3076 
separator, 3263 , 3266 
transported in cold storage, 3135 
value as food, 1 1 36, 2907 
Creation, special, old doctrine of, 151, 
917 

Credit, important in commerce, 1 1 1, 3870 
system, evils of, 3886 
Creeper, Virginian, its leaf, 2366 
Creeping fruits, 2060 
Creetown, its granite quarries, 2780 
Creodonts, 2255 

Creosote, as a preservative, 3124 
obtained fropi coal, 483 
plant used in applying, 1418 
Cress, growing under electricity, 4096 
Cretaceous era, its fossils and place, 306 
Cretans, ancient race, 3000 
Crete, excavations in, 3080, 3990-2 
Cretinism, how caused, 1548 
how cured, 2156 
Crevasse. 2040, 2951 
Crioket, its value as a game, 1013 
Crickets, 4301 
liouse, 4300 
mole, 4299 

tongue, magnified, 968 
Crime, 3525 

responsibility of society for, 3643 
Criminals, need for State care of their 
children, 3644 
Criminology, 3526 

Crocodile, hunting on Upper Nile, 1886 

S >f, 1888 
1171 

ames, biography, 4489 
Cromer, sea-erosion at, 2113 
Crompton, Samuel, biography, 4556, 4556 
invented spinning-mule, 339 

Oronophone, 1568 

Crookes, Sir W., biography, 2175 , 4468 
experiments with cathode rays, 3240 
invented spinthariscope, 1148 
investigator of radiant matter, 1027 
Crops, growable all the year round, 1173 
their “ creation ” by man, 1403 
Cross-fertilisation, 1530 , 3080 
arrangements for it in primrose, 3682 
how effected in gardening, 1404 
Crouch End, playing-fields at, 1906 
Crow, 2408 

Crowd, its psychological tendencies, 3587 


Crown-glass. 3024 
Cropland Bridi 


Cropland Bridge, 3375, 3376 
Cruiser, value in warfare, 578 
Crust, Earth's, elements forming it, 271 
Orustaoeans, 3824, 4177 
earliest fossils in Silurian strata, 398 
existed in primary era. 398 
on bonnet whales, 2258 
Crusts, their value in bread, 3116 
Crystals, formed from all metals, 649 
known by their shapes, 2945 
Ctenophora, 3818 


Cuba, freed from malaria, 3446 
freed from yellow fever, 3558 
increase of exports in 10 years, 2921 
tobacco Industry in, 3859 
trade progress in 20 years, 1357 
trade with United Kingdom, 1241 
“ Cubbing, "picture by C. Furse, 447 
Cubitt, Sir William, perfectcr of a wind- 
mill, 2518 
Cuckoo, 2498 

being fed by sedge-warbler, 1576 
Cuckoo-spit, insect, or frog-hopper, 3333 
Ouoamber. attacked by ecl-wonu, 3452 
canker disease of, 3450 
growing, 2178 
in a greenhouse, 1402 
root- knot disease of. 3451 
section showing seeds, 3809 
Cucumber, Squirting. Bml-dispersal, 2967 
Culebra, cutting on Panama Canal, 1941 , 
1945 

Culex fatigans, mosquito spreading 
dengue, 3559 

Cultivation, as an expression of stored 
labour, 3275 
hand, 674 

intensive, 670, 1049 
Cultivator-plough, 802 
Cumulo-nimbus, clouds, 2713 
Cumulus-clouds. 2706 , 2711 , 2712, 2713 
Cup, how moulded, 985 
Curassows, 2982, 2982 
Curie, M. Pierre, biography, 131 , 1149 , 
4581, 4582 

Curie, Marie, biography, 131, 387 , 4480 , 
4481 

her discovery of the radio-activity of 
thorium, 1148 
Curiosity, an instinct, 3469 
Curlew, 2741 , 2742 

Curr, John, inventions in coal-mining, 474 
Currants, black, knot-disease of, 3451 
brown-scale pest of, 3453 
cost, 2188 

destroyed! by bud-mites, 4294 
inflorescence of, 3687 
method of propagating, 2247 
Currency, history of, 100 
Currents, in the sea, 1634, 1985, 1989 
Cusous, 2012 
Cusimanse, 2134 
Custom, in wages and fees. 3517 
sometimes defies competition, 3517 
Customs House, recorder of trade, 995 
sugar rush at. 4234 

Cutlery, British oversea trade in manu- 
factured, 997 

process of manufacture, 224 
Cut-off, formed by river, 2350 
Cutting, in horticulture, 1404, 1046, 1647 
Cuttle-fish, 2260, 3464 
Cuvier, Q. L., biography, 4503, 4505 
Cyanide ol potassium, used iu gold- 
production, 861, 1450 
Cyanophyoese, blue-green seaweeds, 4283 
Cycle-factory, division of labour in, 3395 
Cycles, British oversea trade in, 997 
United States exports of, 2678 
Cycling, value as an exercise, 1912 
Cyclometer, on a printing-machine, 2069 
Cyclone, 1629, 2299, 3367 
diagram of, 3368 
Cydippes, 1574 
Cygnet, 2499 

Cygnus, the constellation, 4257, 4259 
nebuho in, 4266 , 4267 
Cypress, length of its life, 4050 
Cypripedium, 1409 
Cyrotophyrus, ornamented, 3335 
Cytology, 277, 4041 

Cytoplasm, how protecta nucleus, 537 


Da Gama, biography, 1933, 4530, 4531 
Daohshund, 1054 
Dee dal us, 458 
Daffodil, 1171 

Daguerre, L. J. H., biography, 4558, 4559 
experimenter In photography, 3485 
Daguerrotype, how discovered, 3485-6 
Daimler, Gottlieb, biography, 4559 
internal-combustion engine, 4340 
Dairying. 3255, 3257-71 
possibilities in Britain, 1238 
refrigerating installation in, 3133 
Daisy, closed and open, 2608 


Dalbeattie, its granite quarries, 2780 
Dalmatian, dog, 1054 
Dalton, John, biography, 4581, 4583 
Dam, artificial, for water atorage, 728 
Damevend, Monnt, 4029 
Dampier, Wm^ biography, 4633, 4634 
Damping-off, in plaut culture, 3325 
Dan, rise of Jordan at, 2348 
Dana, J. D„ biography, 4489 
Dandelion, “ stcmless plant,” 2250 
floret, 1992 
floret in section, 3684 
pollen-grains, 3691 
wind-t)ornc seeds of, 2842 
Dane, Great, dog, 1055 
Danube, River, 2352, 2353 , 2587 
its delta, 2593 
D&phnia, 501 

how the sex of its offspring varies, 500 
Dapsang, Mount, 3308 
Darby, Abraham, 1951 
Dareheib, castle in Egyptian desert, 2701 
Darjeeling, clouds viewed from, 3184 
Darkness, effect on leaves, 2604 
mail’s power over, 2881 
plant that blooms in, 2608 
valuo in eye-disease, 1073 
Dartmoor, granite quarries, 2780, 2781 
scene in prison, 3642 
Darwin, Chas., biography, 1276 , 4506 , 4507 
methods of work, 1279 
on the balance of Nature, 2715 
theory of coral islands, 3670 ' 
theory of pangencsis, 1038 
writer on evolution. 1035 , 1037 
Darwin, Erasmus, biography, 4508, 4509 
Darwin, Francis, biography, 4.>09 
birthplace at Down, 4511 
Darwin, Sir G., biography, 4484, 4485 
theory of mountain ranges, 3432 
theory of tidal influence, 1140, 1738 
Darwin, Major Leonard, 3291, 3293 
Darwinism, meaning of term, 917 
no foundation for eugenics. 2091 
Date-palm, 2488, 3653 
in desert lands, 3552 
value of fruit, 3813 
Dauphin* Alps, 3311 
Davenport, 0. B., biography, 4509 
American biologist, 2330 
his “ Trait Book,” 2090 
Davis, Jobn D., biography, 4635 
discussing the North-West Passage, 1635 
Davy, Sir Humphry, as a boy, 2882 
biography, 4584, 4585 
discoverer of laughing gas, 3675 
discoveries in tanning, 2900 
ids chemical discoveries, 523 
invented are light, 2892 
invented miner s safety lamp, 474 
inventor in glass-making, 3020 
Dawes, William H., biography, 4485 
discovered Saturn’s third ring, 3061 
Dawkins, W.BoytiL biography, 4486 , 4490 
Dawn, picture by 0. F. Watts, 4 


,4368 


how caused by carbon, 910 
De Been, diamond mine, 867 , 869 
De Bougainville, biography, 4436 , 4430 
De Ferranti, pioneer in electricity, 4089 
De la Rne, Warren, biography, 4559 , 4560 
De Lesieps, began Panama Canal, 1934 
De Lisle, Rouget, singing the “ Marseil- 
laise,” 4007 

De Morgan, J., excavator at Susa, 3983 
De Perthes, Boucher, excavated Picardy 
sandpits, 3977 

De Saussure, Horace B., biography, 4492 
De Solis, Juan Dias, biography, 4636 
De Vries, Pro!. H., biography, 2243 , 4510 
mutations theory, 2237 
Dead flea, 2228, 2232, 2233 
Dead-nettle, mimics stinging-nettle, 2728 
red. 2727 

Deadly nightshade, 2724 
Deal-mutism, 3536 

Deafness, in relation to intelligence, 3228 
prevalence among children, 1252 
Dealers, as productive labourers, 3155 
Death, 3681 

human survival after, 4305 J 

problem of. 407 

registrar of, 4109 

‘* The Man with the Scythe,” 411 

when premature, 3957 
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Death-adder, 3100 , 3102 
Death’s head moth, mo, 4007 
Death-rate, effect on t tic Empire, -1351 
how calculated, 1012 
lowest in Antipodes, 1353 
universal fall in, 500 
Debility, cause of tuberculosis, 1251 
Debt, 3886 

Decadence, 377, 03 1, 2562, 4360 
Decay, man’s fight against, 3123 
Deck-girders, construction, 3507, 3503 
Decomposition, effected by bacteria, 542 
in plant life, 423 
Decremeter, 2040 
Dee, wells of, 2343 
Deer, 1411 
American, 1419 
axis, 1410 
black-tailed, 1410 
fallow, 1415 , 1417 
Japanese, 1410 
red, 1410 , 1414, 3495 
Sika. 1415 
Virginian, 1419 
white-tailed, 1419 
Deerhound, 1051 

Defectives, are they increasing ? 3533 
care of, 3640 

Defoe, Daniel, biography, 4537 , 4537 
Deforestation, its effect, on climate, 2820 
Degeneracy, at adolescence, 1403 
caused by athletics, 1703 
caused by modem civilisation, 76 
In races. 438 
physical, 1240 
propagation of, 2440 
Degenerates, table of human, 2153 
Deimos, satellite of Mars, 2810 
Deir-el-bhari, Egypt, excavated temple 
of, 3988 

Delhi, Durbar ciucmato "rapli Him, 1577 
Delphi, excavations of city, 3993 
Deltas, 2502 

Nile and Mississippi, 2593 
Demand in relation to supply, 3750 
Democracy, a moral force, 2083 
attitude towards war, 2088 
problems of, 2805 
rise of, 2081,2800 
successes of, 2081 
Democritus, biography, 4542 , 4512 
Dendrites, function in the brain, 1 101 
Dendrobatidee, forest frogs, 3330 
Dendron, of nerve-cell, 1666 
Deneb, star in Cyguus, 4259, 4260 
Dengue, a tropical lever. 3550 
Denitrification, effected by bacteria in the 
soil, 543 

Denmark, agricultural development, 1043 
butter-making industry in, 3255 
dairy farming in, 1237 
emigration in 10 years, 4350 
growth of merchant, marine, 1476 
increase of exports in 0 years, 2021 
milk industry, 3257 
Mountain of Heaven, 3307 
railway mileage, 1601 
shipbuilding (in 1011), 1180 
trade progress in 20 years, 1354 
trade with Britain, 1237, 1241 
windmills in, 2517 
Density, of the earth, 2608 
Dent de Morcles, 3436 
Dent du Midi, 3430 

Dentistry, importance to health, 3501 
modem Historian, 3802 
Deposit, on ocean beds. 1808 
Depression, in a weather-chart, 3307 
Derborence Lakes, how formed, 2227 
Derby Day, photograph, 3488-0 
Dermanyssus avium, 4180 
Dennestidse, 4300 

Descartes, biography, 2152, 4653, 4054 
meeting with Pascal, 4055 
Desert, 1634. 2700, 2824, 3549 
Arabian, 3544 
Egyptian fortress in. 2701 
New World, 3550 
Old World, 3551 

peculiarities of their vegetation, 2720 
salt deposits in ('alifurnian, 4102 
sandstorm in, facing 1035 
Tripoli, facing 3540 
typical inhabitants, 3554 
Utah, 3552 

vegetation in Arizona, 2S27 
Desiccation, of fruits ami vegetables, 3123 
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Desire, importance in psychology, 3347 
Desman, 1178 

Desmarest, Nicholas, biography, 4403 
Despotism, 2084 
its defects, 2201 
Despots, how they arise, 1487 
Detector, magnetic, 210 
lirst. used by Prof. Rutherford. 459 
Determinants, in germ cells, 2356 
Determinism, 3706 
Development, a term in biology, 017 
Devil, Tasmanian, 2 013, 2014 
Devonian era, characteristics, 308 
fossils and place, 306 
Dew. 420 , 522 , 2707 
how caused, 1510 
Dew-cup, 2721 
Dewdrop, 2713 
Dew-point, 2825 

Dewar, Sir J., biography, 457, 45S5 
invented the thermos flask, 456 
Dhanauri, irrigation works, 1000 
Dhawalagiri, Mount, 3308 
Diamonds, Empire’s growth in produc- 
tion, 401 

formed of carbon, 911 
possibly of meteoric origin, 913 
used for drilling and cutting, 802 
where found, 862 
Diamond-mining, 802-809 
“Diana,” picture by Henry Holiday, 2750 
Diaphragm, 1308 
its need for free action, 1433 
Diatom, 4287 
attacked by amoeba, 1639 
intelligence, 1518 
survival value, 4278 
under a microscope, 965, 907 
Diatom-ooze, 1871 
Diatomacese, 4287 
Diaz, Bartolomeu, biography, 4637 
rounding the. Cape of Good Hope, 4639 
Dibamidse, 3221 
Dibatag, 1540 

Dicotyledon, vascular bundles in stem, 
2302, 2366 
Dicranura, 4063 
Dictyota, forked, seaweed, 4288 
Diesel, Rudolf, biography, 1918, 1560 
his oil-engine, 1078, 1017, 1018, 1021-3 
Diet, 3231 

connection with clothing, 1431 
dangers of excess, 3475 
effects on the teeth, 3503 
for preserving youthfulness, 3050 
preventive of disease, 1 134 
value of mixed, 3350 
Dietetics, importance in eugenics, 1076 
Digestibility, criterion in food values, 3357 
Digestion, 1 422 

affected by fatigue, 1706, 3235 
helped by hot water, 2301 
process of liquefaction, 2004 
Digges, Leonard, 200 
Digitalis, as a drug, 2028 
Dik-dik, 1538 
Dilatation, of heart, 1707 
Dimension, problem of a fourth, 2749 
Dinar, Servian coin, 3877 
Dines, W. H„ biography, 4574 
experimenter in upper atmosphere, 3371 
Dingo, 555 

domesticated by bushmau, 1052 

Dinosaur, 4*0 

Diphtheria, antitoxin for, 215G, 3013 
bacilli of, 3080 
table of death-rate, 4042 
Diplodocus, 300, 3003 
Diplomacy, in relation to war, 4130 
Diprotodon, 2000 
Diptera, 4206 

Dirt, harboured in clothes, 1430, 1553 
” Discovery,” ss„ 2533 
Disease, caught at school, 1133 
conquest of, 2718, 3557 
due to man’s settlements, 7G, 2721 
effect of birds on tropical, 3151 
in natural selection, 2716 
mainly parasitic, 3022 
notification of infectious, 3280 
once hold to be due to demons, 3015 
relation of society to, 3283 
Disgust, an emotion, 346ft 
Disinfection, by local authorities, 3283 
Dispensary, municipal, 3321 
tuberculosis, 3322 
twelfth century, 2031 


Distribution, economic waste In. 3156 
in relation to production, Ilf- 
Diver-bird, great northern, 2015, 2616 
Divers, their work, 1581 
investigating submarine, 1580 
Diving, early history of, 2759 
Diving-bell, 1582, 1589, 1590, 2648 
Divorce, 3175 

among primitive peoples, 309 
evil effect on society, 627 
in connection with insanity, 3651 
Dobereiner, J. W., discovered resem- 
blance’ among elcineuts, 528 
Docks, 2310 
London, 1234 

Doctor, his fees not competitive, 3517 
in relation to public health, 3405 
in the school, 1375 
producer of wealth, 872 
value of independence among, 3290 
Doctoring, in the past and future, 3915 
Dodder, parasitic 011 clover, 414, 2960 
Dog, brain of, 2021 
Eskimo, 1050, 3143 
hairless, 553 
hunting, 556 

man’s lirst domestic animal, 1052 
number of breeds, 1052 
pariah, 553 
raccoon, 555 
St,. Bernard, 557 
Dog-fennel, offensive smell, 2727 
Dogfish, 3461 
spotted, 3460 
Dogger Bank, 1099 
Dog-Star, Lesser, 4259, 4260 
Doliniens, in limestone of Dalmatia, 2830 
Dollar, American coin, 3677 
Dollond, John, biography, 4561, 4502 
Dolomite, limestone, 2790, 3072 
Dolphin, 2262 
ridge, 1867 
risso, 2203 

Domestication, of animals, 033 
Dominance, in Meudelism, 2473 
Dominant, term in biology, 2122 
Donisthorpe, G. E., invented a wool- 
combing machine, 2538 
Donkey, 1059 

Dorchester, Homan road near, 24 IS 
Dordogne, Caves, their evidence of the 
Ice Age, 402 

Dorfi, Gustave, paintings by, 4128, 4129 
Dormouse, 2140, 2140 
Dortmund-Ems Canal, 2318 
Dorycnium herbaceum, 2965 
Double-bottom, of “ Mauretania,” 3510, 
of “ Olympic,” 3500 
Doubling-machine, in cotton mill, 1710 
Dough, why it rises, 2510 
Doulton, Sir Henry, biography, 4575 
Dover, harbour at, 2309 , 2310 
Dowry, its origin. 373 
Dowson, J. E., biography, 4563, 4563 
his gas-plant, 4503 
made cheap producer gas, 3844 
Draceenas, in Cornish garden, 3191 
Draconids, a meteoric shower, 3303 
Dragon-fly, 4067, 4008 
Dragon-tree, 3928 
Drainage, 3286 

a communal undertaking, 3520 
Drake, Sir Francis, biography, 4638, 4640 
Draught, harmlessness of, 570, 575 
Draughtsman, ship, 3508 
“ Dreadnought,” 594, 2758 , 2706 
Dream, 70, 1193, 2383, 4304 
as origin of religion, 3049 
psychology of, 2150 

“Dream, The,” picture by Dctaille, 1310 
“ Dreamers, The,” by T. Mostyn, 2333 
Drei Zinnen, Austria, 3672 
Dress, in many ages, 1550 
Dressing-frame, machine in cotton indus- 
try, 1710 

Driesch, Dr. Hans, biography, 4510 
Drift, made by ice, 164 
Drift-fishery, 1097 
Drill, machine, 840, 847 
pneumatic, in gold-mine, 859 
worked by compressed air, 2616, 4320 
Dripping, cheap, valuable food, 3358 
Droitwich, its salt production, 4106 
Dromedary, 934 
Drone, why it is killed, 410 
Drongo, 2977 

Drought, cause of forest fires, 2829 
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Drowsiseub caused by foul air, 445 
Drugs, 1313 

British imports and exports, 2708 
harmful as aperients, 3597 
Impairing influence on brain, 2897 
medicinal value of, 3475 
truth about, 2025 
Drum, of tho car, 2502 
Drummond, Prof Henry, "Ascent of 
Man,” 918, 1400 
biography, 4654 * 

Drunkard, problems of the, 2635 
Dryad’s saddle, 3204 
Dry-farming, 800 

Dry-plate, invented by C. Bennett, 3491 
Dry-rot, potato disease, 3329 
Drysdale, Dr., on iico-Multhu8ianisin,3296 

Du Chaillu, Paul, 185 
biography, 4641 
Dualism, 647 
Dubois, Alexandre E n 185 
Duck, 2739, 2740 
wild, 2499 

Duckbill, 298, 299, 2008 
Duddell, W., experiments with singing- 
are, 712-3, 718 

Dudley, Dud, iron-smeltcr, 1951 
Dugong, 2256, 2201 
Dumble-dor, beetle, 4301 
Dune, how caused, 1635, 1036 
Dungeness, 2114 

Dunlop, John, biography, 1665, 4006 
his first pneumat io tyre, 4007 
Dunwich, sea-erosion at, 2113 
Durbar, illuminations at Delhi, 2889 
Dust, atfeets rain, 2825 
at Charleroi, 1304 
cause of coloured sunsets, 2712 
condenses water-vapour, J512, 2708 
contains tubercle bacilli, 1U75 
cosmic, 1022 

dangerous to health, 318, 573 
etreet on radiation, 1389 
full of microbes, 68 
in the atmosphere, 1510 
magnified, 973 

strewn by volcanoes, 1510, 4034 
Dutton. Dr. Everett, martyr student of 
sleeping sickness, 3441 
Duval, Claude, highwayman, on Hamp- 
stead Heath, 3324 
Dye, aniline, British imports, 2799 
distilled from tar, 1442, *2170 
German monopoly of industry, 2798 
obtained from coal, 483, 915, 1447 
use in anatomy, 8251 
Dyeing, in silk industry, 3750 
Dyestuffs, British imports and exports, 
2798 

Dynamics, science of forces, 90 1 
Dynamite, 24U2 
explosions at Panama, 1933 
making cartridges of, 2111 
used in breaking up soil, 809, 2414, 2415 
Dynamo, 2280 
how it works, 710 

Dyngjufjoll, volcano in Iceland, 4027 
Dysentery, caused by a parasite, 2959 
its microbe, 1 187 
Dyson, F. W., biography, 4595 
Dyspepsia, how caused, 2160 

£ 

Eagle, 2850-7 
golden, 2854 
white-tailed, 2854 

Eagle-owl, 2862 
Eagle-ray, 3464 

Ear, as a gateway of knowledge, 3227 
balance chambers in, 2747 
bones of, 829 
diagram of, 2500 
need of protection, 3717 
structure and uses, 2501 
Ear-strain, cifcct on sleep, 1316 

EARTH 

The following are tho actual heading!) of the 
chaptera in this group in ttifir o.iiwuthe order 
through tho first six volumes of this work. The 
subii'uts are also dealt with in their proper plariw 
in the influx. 

The birth of the earth, 19 

All the world on lire, 139 

The earth's ups and downs, 267 

Earth's autobiography, 395 

The earth's foundations, 523 

Inside the earth's crust, 649 ( 


Earth —continued 

Metals that seek a mate, 779 
Elements not metals, 91)7 
What things arc made of, 1025 
The radio-active elements, 1147 
The mystery of matter, 1267 
The air in which we live, 1385 
The contents of the air, 1505 
Atmospheric movements, 1625 
The wonders of water, 1747 
Romance of the sea-hods, 1865 
The travel of the waters, 1985 
A study of sea-waves, 2107 
Inland water reserves, 2227 
The return of the waters, 2315 
Water stores In springs, 2165 
Rivers as sculptors, 2a85 
Problems of cloudlaiid, 2707 
Rain as friend and foe, 2825 
The solid waters. 29 15 
Journoyings of the ice, 3065 
The weather mystery, 3183 
Mountain storehouses, 3305 
The making of mountains, 3429 
Earth’s Hat toned areas, 3545 
The islands of the main, 3665 
The great liver plunges, 3785 
In the midst of the earth, 3905 
Geysers and volcanoes, 4025 
Volcanic catastrophes, 4145 
The future of the earth, 4269 
Earth, a planet, 2697 
age geologically calculated, 145 
changes taking place in, 19 
conductor of speech, 7 1 1 
cooling of crust, 22, 139 
density of, 22, 207, 2698 
diameter, 2097 
distance from sun, 2697 
early conceptions of, 19 
experimental borings into, 140-3, 142 
future of, 2700, 4269 
harder than steel, 112 _ 
heat, foeussjod in centre, 145 
heat tells its ago, 115 
how affected by glaciers, 3066 
how it. contracted, 267 
how it lias been weighed, 207 
Kelvin on its age, 1 15 
length of its shadow, 2458 
nature of its interior, 2699 
orbit, of, 2698 

passing through a comet’s tail, 3422 
pressure in the interior, 144 
proofs of its spherical shape, 2037 
radio-active substances beat it, 1 IS 
rate different parts go round axis, 901 
rate of t ravel round sun, 3 18 4 
retardation of its rotation, 4271 
revolution of, 23 
rotating speed in the past, i ll 
rotation, 23, 2697 
rotation as a source of power, 4329 
self-sustaiiKid stage, 2699 
temperature of crust, 1 12 
thickness of mu.!, 14 4 
two periods of its life-history, 2699 
what inside is like, 144 
what men once thought it like, 140 7 
“ Earth’s Awakening,” picture by K. A. 

liornel, 2093 
Earthenware, 977-991 
British oversea trade in, 997, 2797 
British production, 2809 
Earth-pillar, 2830 
how formed, 2833 
Earthquake, as lake-former, 2227 
caused by volcanoes, 4 147 
effect, on land levels, 3437 
famous examples, 4155 
instrument for recording, 208 
record on seismograph, 208 
waves caused by, 2 UU 
Earthshine, 2221 
Earth-star, arched, 3201 
Earth-worm, 4 iso 
work on the soil, 4178 
Earwig, 4301, 4302 
Eastman, his celluloid film, 1502 
Ecaudata, tailless amphibians, 3333 
Ecballium elaterium, 2966 
Eccentric, how it works, 3007 
Echidna, spiny ant-eater, 299, 1895, 2008 
Echinoderma, 3821 
Eclipse, 2 457 
observation camp, 2402 
of suu, 2098, 2458 t 2459, 2463 


Ectoplasm, 1883 
Ecto-parasite, 2957 
Edentata, 300 
Edfu, temple, at, 3985 
Edge, S. F., improver of motor-ear. 1337 
Edison, Thomas A., biograph v, l.\uo 
2105, 4004, 4006 
birthplace, 4007 
invented electric, lamp, 2885 
invented phonograph, 1801 
Educability, 2985 

Education, accentuate* differences be- 
tween men, 767 
by eiuematograph, 1566 
effects on crime, 3527 
effect on nurture, 765 
in the ideal city, 2926 
moral, in relation to the will, 3707 
national, 1369 

needing nationalisation, 3014 
not. applicable to all, 194 
sensory, 3226 
symbolical slat ue of, 765 
valued by working classes, 2683 
Eel, 3700 
blunt-nosed, 3098 
elect l ie, 294, 305 
Eel-iishery, 1111 

Eel- worm, cause of root-knot disease, 
3451 

nodules on cucumber-root, 3452 
Egg, albumin in white of, 335 4 
moths’ and butterilie*’, 4003 
snake’s, 3102 
why full of food, 666 
Egg- wasps, 3942 

Ego, the human personality, 3583 
in psychology, 2867 
Egret, 2733, 2735 

Egypt, British investments in. lopo 
bureaucratic government., 28uB 
excavation of temple, 3983 
excavations in, 3985 
inc tease of exports in 10 years, 2921 
pict ure.-' writing from, 3222 
prosperity under British rule, 1006 
railway mileage, 1597, 1601 
trade progress in 20 years, 1356 
trade, with United Kingdom, 1210, 1211 
wall painting, 39 SO 

Ehrlich, Prof. Paul, biography, 40 15, 4617 
student of antitoxins, 4044 
Eider-duck, 2021 

Eifel. masonry dam in valley, 4088 
Eiffel Tower. 2302, 2300 
used in wireless, 2041 
Eigerwand, its railway-station, 4218 
Eight-hours day, 3030 
Elan Valley, source of Birmingham's 
water-supply, 724, 725 
Eland, 1535, 1530 
Elation, an emotion, 3470 
Elbe River, 2587 
Electric discharge, 1021 
Electric light, dependent on carbon 915 
Electric ray, 3 104 

Electric trains, possible speed of, 3013 
Electric waves, speed of, 3017 
Electrical goods, British oversea trade in 
manufactured, 997 
British trade in, 2074, 2678 
Electricity, always in the air, 1513 
applied to machinery 2280-97 
applied to railways, 1083 
as a form of energy, 6 12 
as an illuminant, 2881 
as a motive force in a clock, 3734 
Chelsea power-house, 4080 
c ost of, 4088 

diagram showing principle of trans- 
former, 4089 
disease treated by, 409 1 
domestic appliances using, 4097 
driving tile city of the future, 74 
fish that produce, 316 4 
for transmission of power, 2285 
generation by windmills, 2530, 2533 
generator of 30,000 h.-p., 4334 
Gilbert’s experiment, 2202 
growing cress by, 4090 
in railways, 1599 
in the greenhouse, 1291 
in the sun, 1740 
in wireless telegraphy, 2033 
its great use lu Italy, 7 1 4 
locomotive of high speed, 4330 
modem developments of, 4087 
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Electricity (contd.), on mountains, 1513 
on small holding 4090 
photographs of sparks, 87 
ploughing by, 1090 
preserves agricultural products, 1288 
relation to plants, 1287 
spark, 389 
storage of, 83 

transforming the world, 8i, 1000 
transmission through gas. 459 
used in opening safes. 1094 
used in propelling submarines, 2708 
will it prevail against steam ? 80 
Electrolysis, 523, 025 
Electrons, 137, 202 
bombarding the earth, 1029 
discover/ of t lie positive, 100 
given off by sun, 1022 
properties, 1027 
similarity of every, 3210 
terrillc speed, 1027 
varying number in atoms, 1031 
Electrophone, 2or, 1 

Electroscope, gold leaf, detector of alpha 
particles, 1271 
Elements, are all useful, 525 
atoms the same in all, 131 
eighty different kinds, 130 
in sea, 1752 

meaning of the term, 523 
names of the chief, 524 
lion-metallic, 007 
radio-active, 1 118 
relation to electricity, 203 
Elephant, African, 810 , 812 
cyc-ground of African, 1101 
hauling a boiler in India, 2672 
Indian, Sio, 812, 813 
when it lived in Europe, 402 
Elephant-Ash, 3401 
Elephant-seal, 2380, 2380 
ElAn-shark, 3400 , 3402 
Eliot, George, tier birthplace, 2500 
Elizabeth, Queen, 885 
seeing experiment in electricity, 2202 
Elk, 1413 , 1 118 
Irish, 1412 

Ellipse, dciinition of 2098 
planet's and comet s compared, 120L 
Ellis, Havelock, 3109 
biography, 4018 
on criminology, 3520 
Elm, English, 3921 
brought to Britain, 4109 
destroyed by a landslip, 2833 
has winged seeds, 2844 
length of life, 4172 
Scots, indigenous to Britain, 4109 
Elmira, l’ennsyl vanin, its experiments 
in remedial punishments, 3047 
El Misti, volcano in Peru, 4033 
Elton, Lake, 2232 
Elver, young eels, 3701 
Embryo, stages in its development, 788 
of a plant, 2002 

Embryology, science of development, 792 
stages in, 797 

Emery, used in grinding metal, 848 
Emeu, 2802 

Emigration, annual rate, 4355 
embarkation at Liverpool, 2914 
how changing the world, 238 
in relation to trade, 4115 
Irish, 1352 
Emmetropia, 2387 
Emotion, 3407 
centre in the brain, 1901 
etfect on appetite, 3235 
expressed in apes, 179 
intlueuec on society, 110 
involves nervous wear and tear, 1 194 
.lames-Lange theory of, 3318 
relation to instinct, 3348 
tender, 3472 

Empedocles, biography, 4050, 4050 
pionepr in evolution, 1034 
Empire, British, growth of population, 231 
needs of, 4351 

Employment, good and bad, 3393 
piohlem of its lluetuation, 2809 
Emulation, does it dilfer from competi- 
tion? 3518 

Enceladus, a satellite of Saturn, 3003 
Encke, Johann F., biography, 4595 
elucidated Saturn’s rings, 3001 
Enclosure, 1905 

Act’s clfects on rural labourers, 3767 
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Endocardium, 1064 

Endocarp,of wheat-grain, 2004-5 , 2128 
Endodermis, of root, 2249 
Endogamy, customs relating to, 3050 
Endoparasite, 2957 
Endophytes, form of parasites, 3210 
Endoplasm, 1883 
Endospores, 3208 
Energy, conservatism of, 380, 601 
dissipation theory, 385 
equivalence of, 386 
expressed in motion, 809 
in radium, 1270 

incessant transformation of, 385 
kinetic, 386 

manifested in matter, 642 
natural, 4325 

phvsiral, not dependent on meat, 3356 
physical, statue by Watts, 045 
potential, 380 
universality of, 26 4 
Engine, compound, 3610 
internal-combustion, 2768, 1340, 4341 
need for an explosive, 90 
oil-fuel, 1914-31 

Engineering, cost of a year’s materials in 
the United Kingdom, 873 
irrigutional, 1695 
number of British employed, 873 
railway, 1199, 4205 
shipbuilding, 3199 
work done for export, 994 
year’s production in the United King- 
dom, 873 

England, how it rose from the sea, 405 
map of industrial areas, 3392 
population of (1600 -1910), 4239 
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English Well, Berne, 2166 
Enock, F., student of fairy-llies, 4295 
Enteromorpha, 2489 
Entomology, 4293 
Environment, definition of, 701 
circcl on criminals, 3526 
clfect on education, 1370 
effect on germ-plasm, 2598 
modifies racial characteristics, 440 
Epicarp, of wheat -grain, 2004-5, 2128 
Epictetus, biography, 4007, 1657 
Epicurus, biography, 4657 
Epicycle, in Ptolemy’s system, 903 
Epidemics, 3285 

due to private irresponsibility, 4318 
Epidermis of a leaf, 2365 
of root., 2249 

Epiglottis, 1302 

Epilepsy, associated with feeble-minded - 
ness, 2691, 269 4 
caused by alcoholism, 2692 
its recessive character, 3532 
researches into its inheritance, 2690 
t raumatie, 2692 

Epileptics, need for segregation, 2694 
Epilobium augustifolium, its pollen 
grains, 3091 • 

Epiphytes, a form of parasites, 3210 
Epsilon Lyrce, a double-double star, 390 
‘Equilibration, mail’s sense of, 2748 
Equinox, spring and autumnal, 3186 
Equuleus, binary star in, 3900 
Eras, order of geological, 396 
Ericsson, John, biography, 4008, 4668 
his tlrst. steam fire-engine, 4009 
Ermine, in fur industry, 3145 
Eros, asteroid, 2822 
Erosion, 2113 , 2115 
caused by sea, 2112 
due to waterfalls, 3785 
in coal measures, Pembroke, 3437 
in mountains, 3436 
Erratic, 3005, 3071 

Erysipelas, cured by anti-streptococcic 
serum, 4047 
microbes of, 3081 

Escapement, of a chronometer, 3735 
Eschscholtzia, 2967 
fruits of, 2904 
Eskimo, dogs of, 1000 
hard condition of life among, 502 
picture of, 508 
trapping, 3147 
women lleshing, 3148 
Esparto grass, source of paper, 602, 005 
Etohing, for process- blocks, 2059 
Ether, amcsthctic, 3676 
Ether, 2509 

crammed with energy, 044 , 


Ether (contd.), universality of. 2C4 
will it. ever be controlled ? 91 
Ethyl-alcohol, 251 0 
Etna, Mount, 402!) 
abode of Titans, 3305, 
section through volcano, facing 4029 
Eucalyptus, giant, tree, 3928 
when introduced into Britain, 4169 
Eucken, Rudolf, biography, 4659 
Euclid, biography, 4000, 4660 
discovered camera fbseura effects, 3483 
Eudoxus, biography, 4596 

EUGENICS 

Thi* ful low I nx are the .actual lieuiiiius of the 
chapters In this group in (heir continent i ,«i order 
through tlu* llrut six volumes of this work. Tin* 
Hidijeehs arc alao dealt with In tlielr proper places 
in the index. 

The people called cugenists. 121 
What cugenists are not, 249 
Nations of the future, 377 
The new mankind, 505 
The thing that matters, 633 
Are we horn or made ? 761 
The rights of mothers, 889 
The cradle and the world, 10U 
Prom cradle to school, 1131 
The. school child’s health, 1249 
Discovery of the child, 1369 
Life’s second start, 1 491 
Education in parenthood, 1611 
A shameful need of homes, 1729 
Home-making for the race, L849 
The doctor of the race, 1969 
Darwinism and eugenics, 2091 
Eugenics and the family, 2211 
Where America leads, 232!) 

American discoveries, 24 19 
'Hie ages of parents, 2571 
More new foundations, 2689 
More knowledge wanted, 2811 
Eugenics and liberty, 2931 
From Dalton to Ellen Key, 3049 
Eugenics through love, 3169 
The Eugenics Congress, 329 1 
The handicap of families, 3409 
A study of unworth, 3531 
'I’he care of defectives, 3(?i9 
Preventive eugenics, 3771 
The worst, racial poison, 3891 
Alcohol and parenthood, 4009 
National eugenics, 41 3 L 
The mixture of races, 4249 
Eugenics of the future, 436!) 

Eugenics, American inearth. 2329 
as wide as science itself, 1970 
first, international conference, 3291 
medal of conference, 3050 
positive, 2811, 3531 
preventive, 3771 

Sir V. Dalton’s suggestions, 3049 
will it lead to tyrannies ? 3051 
Euphrasia, its spiral root, 2004 
Eupleres goudoti, 2143 
Europa, a satellite of Jupiter, 2910 
Europe, extent, in quaternary era, 40 4 
how long will it dominate the world ? 
1353 

is it. wearing away ? 208 
railway mileage, 1596, 1601 
rivers in, 2352 

United Kingdom’s investments in, 3041 

Eustachian tube, 2503 
Euxenite, 1155 

Evans, Sir A. J., excavator in Crete, 3989 
Everest, Mount, 3308 
Evergreens, 1 1 70 
Evolution, 151 

an unfolding from within, 1165 
atomic, 519 
cosmic, 515 
creative, 1285 

“Creative,” famous book by Henri 
Bergson, 920 
definition of, 917 
dependent on cell-division, 1163 
does it exclude immortality ? 918 
glorifying man, 918 
history of the idea, 1033 
named first by Spencer, 514 
not. the same us progress, 513 
organic, inorganic, and super-organic, 
explained, 516 
stellar, 3603 
universal, 917 

universal, opposed to doctrine of Bpccial 
creation, 515 
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Ewart, Bf„ on marriage age, 2573 
Ewe, mint used for cheese-making, 3250 
Exalgin, a dangerous drug, 2158 
Examinations, the evils of, 1372 
Excavation, by machinery, 1204 
of prehistoric sites, 3077, 4894 
Exchange, beginning of, loo 
bills of, 110 
in commerce, 3755 

Excreta, after “tteteherisation," 3181 
Execution, Gunpcwder riot conspira- 
tors’, 3529 

Exenterus marginatorius, 4205 
Exercise, open-air, 1008 
right kinds of, 1007 
swimming an ideal, 835 
value of physical, 70, 1700, 3507 
wrong kinds of, 1703 
Excitement, cause of insomnia, 1313 
Existence, st ruggle for, 34 
Exogamy, Sir F. (Jalton on, 3051 
Expenditure, of income, 3158 
Experience, its consequences, 2807 
Expiration, cleanses the body, 415 
Explosion, in firing a gun, 390 
of boiler in a stokehold, 3593 

of the “ Libert <V’ 
prevalent in mines, 471 
Explosives, 2300 
discoveries by llert helot, 2173 
Exports, British, broad analysis, 302 
growth of British, J235, 1230 
growth of France's, 4357 
growth of Germany's, 4357 
growth of United States’, 4357 
how valued, 1478 
interest on capital, 4120 
invisible, 1000 

of British manufacture, 2073 
pay for imports, 003 
to British possessions, 1110 
Extracts, Beef, their food value, 3354 
Eyam, village conference in 1000, 3702 
Eye, 2332, 2383 
beetle's, 695 
care at birth, 3710 
care in childhood, 371 1 
earliest record in trilohitc, 308 
peculiarity in the tuat era's, 3211 
pineal, 208 

power and weakness in man, 001 
power of discerning eoioui, 004 
seed’s, 2001 
trilobite’s, 401 

Eyeball, 2382 

Eye-bright, a partly parasitic plant, 2000 

Eyebrow, 238 1 

Eye-colour, Mendclian inheritance of, 
2470 

Eye-strain, 3712 
Eyra, 434 

Eyre, Edward J„ arrival at King George's 
Sound, 4613 
biography, 4042 
last stage in journey, 4011 


Fabricius, Johann, biography, 4506 
Face, bones of, 828 
how it should be washed, 701 
muscles of, Oil, 913 
Factory, architectural ugliness of, 1330 
future localities of, 88 
Factory Acts, necessity for, 1241 
do they handicap parenthood? 3413 
Factory system, clfeets on woman, 1003 
Faculse, or sunspots, 1080 
Fahrenheit, Gabriel, biography, 4000 
his thermometer, 1625 
Fairy-flies, 4205 
Fairy-rings, 2818 
Falcon, Iceland, 2855 
Falconidse, 2852 
Falconry, 2733, 2853 
Fallow land, theory going out, of date, 
671 

Falls, Howiek, 3786 
Juanacatlan, 2296 
Kcppler, Yellowstone Fark, 3788 
Nevada, 3792 
Niagara, 3790, 3791 , 3793 
Snoqualmic, 22V 3 
Staubbach, 3792 
Stirling, New Zealand, 3787 
Victoria, Iquazu River, 3789 
Victoria, Zambesi River, 3784 


2 F 


Family, affected by women's labour, 1005 
development, 241 
development into the elan. 1124 
modern degradation of, 240 
origin of patriarchal type, 215 
place in man’s rise, 1 122 
will it disappear ? 241 
Famine, in India, 494, 1005 
picture by J. (' Dollman, 548 
Fan, Alluvial, 280 

Fan, Electrio, in creating draught, 301 L 
Fantail-fly, its tongue magnified. 972 
Faraday, Michael, biography, 4580. 4587 
on discovery of radiant matter, 1020 
Far East, awakening of, 80 
Farm, manufactured article, 3030, 3271 
stockaded, in Middle" Ages, 1845 
Farman, his biplane, 1330 
Farming, begun in New Stone Age, 1843 
in primitive times, 1842 
use of machines in. 2430 
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Faroe Banks, llshing-ground, 1 103 
Fat, useful to the body, 3478 
Father, duties of, 800 
Fatherhood, involving death of indi- 
vidual. 4 10 
Fatigue, 27 1 1 
action on the brain, 1705 
affecting man’s suggest ibility, 3585 
after work and play. 1792 
caused by confined air, 007 
cause and effects, 1 105, 2511 
muscular, 047 
types that affect man, 3235 
Fats, synthesised, 2172 
Fault, term in geology, 274 
Fear, 3408 

associated with flight, 3108 
force in religion of savages, 1120 
why makes heart beat quicker, 1000 
Feather, the industry, 3130, 3150 
Feather bed, its unhygienic nature, 1107 
Fechner, Gustav T., biography, 4010 
German materialist, 2200 
Federation, among nations, 4303 
Ffie Glacier. 2347 , 3004 
Feeble-minded, legislation for, 1072 
scenes on a farm-colony, 3053 
Feeble-mindedness, 3533 
associated with epilepsy, 2001, 2004 
conducive to crime, 3045 
distinct from insanity, 2001, 305 L 
hereditary, 2214. 2110, 2001 
incurability, 305 1 
recessive character, 3532 
relation to insanity, 3051 
Feeding, effect oil sex of offspring, 500 
Felspar, 2770 

decomposed by acid water, 280 
Felting, in wool manufacture, 2511 
Felts, 3140 

Female, organised for race, 002 
Feminism, eugenic, 3170 
Femur, or thigh-bone, 820, 820 
Fenland, reclamation of, 3270-7 

Fennec, 550 
Fennel, 2722 

Ferguson, James, biography, 1597, 4507 
Fergusonite, 1155 
Ferment, action in plants, 2130 
essential part, of protoplasm, 281 
in the stomach, 1545 
relation to life, 158 
yeast, 276 

Fermentation, caused by bacteria in the 
soil, 543 

caused by microbes. 3070 
processes retarded by alcohol, 3804 
Fern, 2480 
nursery for, 2184 
spread by root, propagation, 2843 
Fernando Noronha, mails for, 1823 
Ferret, 1294 , 1207 
Ferric oxide, in red sea-mud, 1870 
Ferrier, Sir David, biography, 4620, 
4020 

his researches in brain, 2010 
Fertilisation, ooo 
how secured in flowers. 3087 
Fertiliser, nitiate deposits, 288 
cost of, 2182 
Fertility, cause of, 37 
dependent on bacteria, 042 
Feudalism, 1841 
effect oil status of woman, 885 
influence on liberty, 2087 


Fever, creates demand for water, 953 
good in disease, 2754 
Malta, or Mediterranean, 3504 
micrococci of Maltese, 3565 
puerperal, how cured, 4047 
reaction against poisons, 2754 
relapsing. 3502 
use of cold in curing, 700 
Fibre, woody, 4174 
Fibrin, 1182 

Fibrin-ferment, work in the blood. 1180 
Fibrinogen, work in tin* blood, 1180 
Fibula, bone in leg, 820, 820 
Fichte, Johann, biography, 4001, 4601 
Fieldfare, 2493 
Field-ice,' 2054 

Field-mouse, a pest, 2135, 2130 
Field- vole, 2142 
Fiji Islands, 3008 

Fijians, marriage customs among, 309 
Filament, part, of flower, 3084 
Filament-lamps, 2884 
Filaria, sanguinis hominis, 4180 
Filariasis, due to mosquito bite, 3442 
Film, cinematograph, tests of inflamma- 
bility, 3902 

Filter, a trap for microbes, 573 

Filter-bed, 733 

Filtration, in water-supply, 734 
Fin, of a seal, 2373 
Fin-whale, Sibbald’s, 2259 
Finches, 2 108 
lavender, 2075 
Findel Glacier, 3073 
Fine, as a punishment, 3040 
Fingal’s Cave, 274, 053, 3007 
Finger, use to vertebrates, 827 
Finger-prints, as clues to criminals, 3494 
revealed by photography, 3403 
Finland, its merchant, marine, 1 170 
trade progress in 20 years, 1351 
Finsen, Niels R., biography, 4021, 4621 
his discoveries in light-cure, 1073 
Finsen lamp, 1070 
its const ruction, 1073 
Fir, Silver, length of life, 4172 
when introduced into Britain, 4169 
Fire, 3060 

allegorical picture of, facing 4347 
dependent on air, 1380 
discovery due to silica, 000 
modern preventive methods, 300 L 

Fire-alarms, 3072 
Fire-balls, 3208 
Fire-damp, 470 

Fire-drill, by Faria liremeu, 3970 
Fire-engine, 3907 

abolished in parts of New York, 3073 
llrst at emu engine, 4009 
Fire-escape, self-raising, 3017 
Fire-floats, 3008 

Firefly, its light without heat, 2803, 4007 

Fire-mist, 1 130 

First-born, strength and weakness of, 
257 L 

Fischer, E. t biography, 2170, 4588, 4589 
Fish, 3457 
blind, 2002 
flying, 303 
food value of, 3357 
fossils found in Silurian strata, 308 
fresh- water, 3003 

map of haunts round British Isles, 1101 
marine, 3575 
phosphorescent, 401 

Fish-cutters, 1007 
Fish-lizards, 40 

Fish-mouth, nelmla in Orion, 4142 
Fish-owl, 2802 
Fish-rat, 2140 
Fishery, Continental, 1110 
Fishguard, 2298 

Fishing, the industry and science, 1007 
Fishing-cat, 434 
Fission-fungi, 2830 
Fitzroy, Admiral, biography, 4576 
student of weather, 3300 
Fjord, N. J„ dairy-farming reformer, 3255 
Flagellata, 3817 
Flamingoes, 2730 , 2730, 2738 
Flammarion, C-, biography, 4507, 4599 
Flamsteed, John, biography, 1598, 4508 
Flannel, its value, in shirts, 1553 
Flannelette, fire-resisting, 3960 
its inflammability, 3965 
Flask, thermos, 456 
Flat-flsh, 3579 
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Flax, fluctuation of prices, 2556 
source of paper, 004 
sources of Britain’s supplies, 2559 
Flea, 4200 
ns n parasite, 2058 
leaf, 4302 

rat, as plague-carrier, 3561 
under a microscope, 962 
Flechsig, Prof., on association system in 
brain, 2086 

Fleece, different qualities of wool, 2541 
Flemings, their cloth trade, 2535 
Fletcher, H., American hygienist, 3237 
his theory of little food, 3476 
Flight, problems in a bird's, 2851 
Flints, importance to the soil, 166 
in the earth’s crust, 287 
practieally pure siliea, 008 
use in primitive times, 000 
Flint-glass, 3022 
Floe-ice, 205 4 
Flood, 2351, 2588 
Floret, of dandelion, 1992 
Florican, 2732 
Flounder, 3580 

Flonr, the cheapest food, 3116 
Flour-milling, cost of a year’s materials 
in United Kingdom, 873 
number of British employed, 873 
year’s production in the United King- 
dom, 873 

Flowers, how they open, 2610 
“ in a crannied wall,” 202 
night-blooming, 3080 
number of their scents, 3080 
recent improvements by crossing, 1400 
sections showing parts, 3684 
structure and component parts, 3GS2 
Flower-basket, Venus’, 3817 
Flower-bud, 2364 

Flower-stalk, with mould on it, 3209 
Fluctuations, contrasted witli mutations, 
2238 

in biology, 1875 

Fly, bacteria on loot of house, 3301 
blow, 4206 
hot, 4208 
caddis, 4301 

carrier of diseases, 318-, 3502 
crane, 4290 
fairy, 4205 

foot of common house, 3530 
forest, 4208 
gall, 4206 

Hessian, 4290 , 4207 
house, 3562, 4206 
house, its pup;n on manure, 1295 
house, killed by fungus, 1294 
how captured by a spider, 4186 
sand, 4208 
stone, 4301 
tongue of, 317 
tsetse, 4208 
warble, 4208 
Flycatcher, pied, 2105 
Flying-fox. 292 
Flying- machines, 1310 
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Flying-squirrels, 1774 , 1776 
Flywheel, its value to steam-engine, 
3600 

Fog, 2707 

caused by anticyclones, 3367 
dispersed by electrical charges, 2710 
Fog-clouds, 10SS 
Fohn, warm wind, 3180 
Folding, geological, 3434 
Foliage, causes of autumnal colours, 
3028 

Folkland, 1841 

Follicle, a dry, dehiscent fruit, 3806 
Food, Acts relating to unsound, 3288 
British imports of, 2436 
course through the body, 1120, 1421 
demanded by all life, 2835 
export, by America, 4118 
how preserved, 3123 
imports into United Kingdom, 1117 
is it needed in sickness ? 3476 
plants’, 416 
problems of, 2435 
world’s supply of, 622 
Food-poisons, 3 177 

Food-problem, in modern industrial 
states, 11)62 

Food-supply, affects population, 1278 
problems of, 78 


Foot, animal's and man’s compared, OSS 
deformed by tight boots, 1433 
proper care of, 1557 
unadapted for walking unshod, 603 
Foot-track, 2420 
Foot-wear, 1556 

Foraminifera, builders- up of ( hulk, 783 
found in silurian strata, 308 
Force, 3110 
centrifugal, 002 
composition of, 002 
principle on which measured, 901 
Forces, resolution of, 902 
Forcing-house, in gardening, 2179 
Foreign exchange, 1001 
Forel, August, biography, 1622 
on effects of alcoholism, 3804 
on “ The Senses of Insects,” 3315 
researches in insanity, 377 L 
studies of spiders, 4186 
Forest, 230, 2051 , 3555 
Alpine pine, 4100 
Canadian, 4048 
Central African, 3555 
destruction in Britain, 4169 
extent in Europe, 2604 
in New World, 3550 
in Old World, 3551 
insect posts of, 4055 
methods of production, 4052 
New Zealand, 4053 
submerged, 211 1 
Forest-fires, 2829 
Forest-fly, 4298 
Forestry, 4049, 4167 
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Forgetfulness, 2800 

Formaldehyde, food preservative. 3121 
how Imilt U]), 2837 
Formalin, 2837 

Formosa, its camphor forests, 2166 
its valuable, tea-plantations, 3615 
Forrest, Sir John, biography, 4644 
Fort Wrangell, Alaska, 3193 
Forth Bridge, 3374, 3382, 33S3 
Forth, River, its windings, 2350 
Fossils, how they become e m bedded, 3131 
occurring in regular order in strata, 396 
various kinds and sizes, 386 
Foster, Sir Michael, biography, 4623 
Foucault, Jean B., biography, 4670 
proved earth’s rotation, 2698 
Foucher, M., made, acetylene safe, 2895 
“ Foundling,” picture by II. lien shall/; 30 
supported by the State, 028 
Fountain, 2466 

Fourdrinier, Henry, bis paper-making 

maeliine, 602 
Foussa, 2112 

Fox, George, biography, 4577 
preaching in a tavern, 1579 
Fox, 556, 552 

flying or fruit -bat, 292, 305 
in Australia, 1775 
silver, in fur industry, 3144, 3147 
Foxglove, 421 
as a drug, 2028 

protection against small insects, 3206 
stamen of, 30S2 

Fox-shark, 3402 

Foyers Fall, source of electric power, 4096 
Fracto-stratus clouds, 2713 
Franc, European coin, 3S77 
> France, canal system, 2315 
coal exports and imports, 2079 
coal resources, 742 
declining birth-rate, 508, 4132 
dominance of its middle classes, 2805 
growth of its exports and imports, 4357 
growth of its merchant marine, 1476 
increase of exports in 10 years, 2921 
increasing exports and imports, 2917-9 
nationalisation of railways, 1598 
population of, 231, 1351 
railway mileage, 1596, 1601 
shipbuilding (1911). 1480 
trade progress in 20 years, 1351 
trade with Britain, 1237, 1211 
vegetable cultivation in, 1292 
wool exports of, 1838 
Frankenstein, America’s, 3032 
Franklin, B., apostle of thrift, 3887 
at the French court, 1003 
biography, 1052, 4662 
Franklin, Sir John, biography, 4645 , 4010 
expedition, 4047, 404S 
Fraser River, 2354 


Fraud, under commercialism, 3^43 
Freckles, how caused, 1071 
Freemasonry, among savages, 1360 
Freestone, 2786 
Freethought, 3525 
Free-wheel, in bicycling, 83, 88 
Freezing, effect on foodstuffs, 3123 
of bulbs, 1287 
Freightage, 2075 

French gardening, 67 <b 671, 12S0 
French Revolution, picture, “ To Ver- 
sailles,” 35 S2 

Fresco, from Egyptian tomb, 3980 
Freud, Sigmund, biography, 2150, 4623 
on importance of sex, 3839 
Friction, does ether cause it ? 644 
Friendly Society, as aid to thrift, 3688 
Frigate-bird, 2852 
Fright, harmful to children, 3836 
Frobisher, Sir M., biography, 4649, 4050 
Froebel, Friedrich, biography, 4578 
Frog, 295, 3333, 3334-0 
African, 303 
development of, 3302 
flying. 303 
midwife, 3337 
piping, 3339 
pouched, 3338 
radiograph of, 3241 
abort -headed, 35 
skeleton of its foot, OSS 
tigrine, its eye-ground, 1161 
Frog-bit, 1750 
Frog-hopper, 3333 
Frost, caused by anticyclone, *3367 
effect, on leaves, 3930 
formed by crystals, 2915 
hoar, 522 

Froude, Dr. William, experimenter in 
naval designs, 3506 
Fruit, 3230 

botanical definition of, 3805 
ll.it ish imports of, 2437 
development from flowers, 3806 
disperser of seed, 2846 
how preserved, 3123 
recent, creations in, 1 108 >< 
remedy against damage by frosts, 1289 
sections of, 3806 13 
structure of, 3810 
types of, 3801, 3805 
value as food, 956, 3596 
why it rots, 3325 
Fruit-bat, 292 
collared, 296 
Fruit-dispersal. 2965 
Fruit-tree, diseases and enemies, 3567 
methods of improvement, 1526 
protected by grease- bands, 3566 , 3569 
Fry, Elizabeth, biography, 4685 
Newgate Prison visit, 4684 
Frying-pan, Devil’s, 2115 
Fucaceee, seaweeds, 4288 
Fuchsia, its stamen, 3682 
Fucus, 2489 
Fuel, alcohol as, 2509 
Fujisan, Mt., 4029 

Fuji-yama, volcano in Japan, 3305, 4032 
Fulcrum, 89 
Fulmar, 2620, 2621 
Fulminate, 2 104 

Fulton, Robert, biography, 4670, 4070 
built ss. “ Clermont,” an early steamer, 
3502, 4071 

invented a submarine, 2760 
invention olfered to Napoleon, 4671 
Fundy Bay, tides a source, of power, 4330 
Fungus, 37, 419, 2182, 3204, 3325 
eandle-snutf, oil a log, 1168 
forms fairy-rings, 2848 
in plant diseases, 3449 
lives by destruction, 2839 
number of known, 3208 
structure of, 3208 
Funicle, of a seed, 2001 
Fur, animals that bear, 1295 
scene at a big dealer's, 3119 
the industry, 3139 
Fur-dressing, 3150 
Fur-seal, 3142 
Furnace, blast, 217 

Furniture, British exports and imports, 
2802 

concrete, 2165 
production (in 1907), 3161 
value in United Kingdom, 3040 
wisdom of little, 450 
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Force, 2725 

how protected from animals, 2726 
pods on a spiny branch, 3809 
Fusarium solani, potato fungus, 3320 

G 

Oabbro, weathered, 2S33 
Gadfly, 4297 
its head magnified, 972 
Gaillardia, facing 8Q7 
Gainsborough, Thomas, his birthplace, 
Sudbury, 2500 

Galapagos Islands, iguanas at, 3217 
land iguana, 3219 
tortoises from, 1804 
Galaxy, or the Milky Way, 4257 
Gale, effects of a, 2300, 2301 
Galen, biography, 4025, 4625 
Galileo, biography, 4600 
discovery of Jupiter’s moons, 2010 
discovery of the pendulum, 3734 
his law of falling bodies, 004 
observations of Saturn, 3050 
showing moon to Milton, 4591 
studying new worlds, facing 1017 
Gall, Franz J., biography, 4027, 1627 
Gall, 3211, 3033 . 
sources of Britain’s supplies, 2550 
Gall-bladder, 1120 
Gall-fly, 4206 
Gall-midges, 1207 
Gall-mites, 4186 
Gall-wasp, 4206 

Galle, Dr., first found Neptune, 3180 
Gallic acid, tised in photography, 3 187 
Gallium, an element, how discovered. 521 
its properties prophesied by J’rof. 
MendeMef, 528 

Galton, SirF., biography, 123. 1027, 402 S 
his study of germ-plasm, 187 l 
on hypnotism, 4070 
transfusion experiments, 1030 
work, 3040 
Galton’s Law, 1877 
Galvani, Luigi, biography, 1500 
Gambling, on Cotton Exchange, 1715 
picture by W*l\ Frith, 3335 
Game-birds, 2082 
Games, their hygienic value, 1013 
Gametes, 2357 

in tall and short plants, 2173 
marrying cells, 664 
Gametogenesis, 661, 1008 
Gamma rays, 1 1 48 
Gamma virginis, double star, 3902 
Ganges, River, 2587 
floods of, 2351, 

Ganglia, basal, in brain, 1890, 1800 
nerve cells in heart, 1060 
spinal, 1784 
Gannet, 2620 

Ganymede, satellite of Jupiter, 2040 
Gaol, history of the English, 3530 
Garcia, Manuel, biography, 4673 
Garden City, diagram of imaginary, 2928 
Lctchworth, 1818 
the need for, 1840 
Gardening, French, 1280, 2181 
Garlic, its two scents, 3080 
Garnet, 000 

Garrison, William, biography, 4080, 4686 
Gas, as fuel, 360 1 

can it escape from a planet ? 1 382 
coal, results of an explosion. 3852 
cost of materials in United Kingdom, 873 
ejected by volcanoes, 4033 
how came on the earth, 1302 
how its molecules behave, 1025 
laughing, 3675 
natural, 230 

number of British employed in, 873 
producer, in glass- making, 3027 
producer, power of, 3843 
use of waste, 1 430 

year’s production in the United King- 
dom, 873 

yield from a ton of coal, 482 
Gas-engine, 1444, 1922, 3843 
Dowson gas-plant, 4503, 4563 
duplex vertical, 3850 
in power-house at Hong-Kong, 3851 
invented by Otto, 1326 
its economical working, 1439 
launch propelled by, 3853 
marine suction, 3804 
suction, 3845 


Gas-furnace, Siemens’ 2801, 2 SO 3 
Gas-lighting, 2880-7 
Gas-mantle, its discovery. 2888 
lighted by electricity. 2890 
made of ran* elements, 525 
Gasometer, wri cked by a gale. 23nn. ;.s n 
Gas-plant, modern suction type. 3848 
Gas-power, 2282 
Gas-producer, anthracite, 3815 
diagram of plant, 3312 
Gas-supply, essentially a monopoly, 3510 
Gas-switch, worked by pnciimaties, 2050 
Gas-turbine, 3852, 3853 
Gasworks, 3810 7 

capital value in United Kingdom, 3010 
Gascony, scene on its landcs, 3517 
Gassendi, French mutlicmutieiaii, 2570 
Gastrocnemius, a inusrle, 910 
Gastrophilus equi, 4208 
Gastropods, ill deep sea, 1870 , 3821 
Gatling, R. J., biography, 1671 
Gatun, 1930 , 1910 
Gaur, 1058 

Gaurisankar, Mount, 3308 
Gautama, the Ituddhn, pioneer of evo- 
lution, 1033 
Gavial, JS02 

Gay-Lussac, J. L., biography, 4091, 4591 
Gayal, 1058 
Gazelles, 1538 
Egyptian, 1530 
red-l'roiited, 1539 
Grant Glacier, 2951 
Gear, 1328 
dilferenti.'il, 4315 
Gear-box of motor-ear, 134 1, 4345 
Gecko, 32 i 4 
wall, 3212 

Geddes, Patrick, biography. 1973, 4629 
bis “Organic Evolution,” 3828 
bis work in Civics, 18 10 
on Evolution of Sex, 661 
Geikie, Sir A., biography, HOI, 4495 
Geikie, James, hiograpli.\, 4 404, 1195 
on tilueial Periods, 3071 
Geissbach, Bernese Oherland, its cable 
railway, 1214 

Gelatin, its nutritive value, 2004 
Gelatine, blasting, 2404 
Gemini, constellation, 3783, 4257, 4259 
Zeta, short -period variable star, 3783 
Gemmation, 1885 
Gemsbok, 1537 
Gendarme Rock, 2832 
Generation, spontaneous. 151, 3077 
Generator, 30.000 h.-p. electric, 4331 
Genet, 2171, 2142 
Genetics, 2356 
J)i\ Bateson oil, 2357 
importance in eugenics, 1071 
knowledge necessary for doctors, 101 
Geneva Lake, 401, 2230, 2502 
Genius, 2 1 10 

analysis of its ipialities, 1180 
dependent mi home-life, 631 
(•niton's work on Hereditary, 2811 
Gentiana clusii, diagram of its self- 
pollination, 3090 

Geology, eras of sedimentary roeks, 300 
itkB Kautii 

George, Henry, biography, 4087, -1687 

Geranium palustre, 2066 
Gerbil, 2110 
Gerenuk, 1510 

Germanium, an element, properties pro- 
phesied by Prof. Meiideleef, 528 
Germany, beet-sugar industry, 1228 
birth-rate, 506 
canal system, 2318 
coal exports and imports, 2070 
coal-llelds, 617 
death-rate, 506 

democratic government in. 2681 
emigration in 10 years, 4350 
Empire. 379 

Empire's white population, 4351 

farm in Middle Ages, 1815 

feudal militarism, 2201 

growth of employment of women, 1001 

growth of exports and imports, 2017 10 

growth of merchant marine, 622, 1 176 

imports food, 622 

increase, of exports in 10 years, 2021 
iron and steel exports inercasc, 2675 
iron iinlustry, 1052 
machinery exports. 2677 
middle classes, 2806 


Germany (contd.), national railways, 623 
patriotism in. 1007 
population, 231 
railway mileage, 1506, 1601 
science in, 2170 
. shipbuilding (in 101 1). 1180 
I trade progress in 20 years. 1354 
I trade with Britain, 1237, 1211 
wool exports, 1838 
■ woollen trade, 2550 
Germ-cells, affected by radiations, 1075 
' contents. 1001 
: physiological units, 1161 
. variation arising in, 2506 
Germination of seeds, 2000, 2003 
plant, 072 3 
Germ-plasm, 1873 
a li cet ed by alcohol, 3801, 3806 
is tile race. 400 
theory of its continuity, 1001 
Wcismann’s lhcor>, 2506 
Germs, prevalent in towns, 1513 
Geyser, in Yellowstone Park, 4025 
Old Faithful, 4020 
Poliutu, New Zealand, 1027 
Waimangu, 17 10 
whv intermittent, 4028 
Gharial, 1889, 1802 

Ghost, belief by primitive people, 1721 
Ghost- mask, 1720 
Giant's Causeway, 274, 002 
Gibbon, 174 
hooloek, 173 
silvery, 173 , 17G 
Giddiness, its cause, 2748 
Giitbrunnen, poisonous spring. 2472 
Gilbert, Sir Humphrey, biography, 1651 
Gilbert, Sir J. H., experimenter in plant - 
chemistry, 026 

Gilbert, William, biography, 4502 
his experiment, in electricity, 2202 
Gilbreth, Frank B., bis new system of 
building, 1346 

Gilchrist, Percy, inventor of a steel 
process, 223 

Gill, Sir David; biography, 1602 
Gill-box, in worsted factory, 2515 
Gipsy-moth, havoc wrought by, 1204 
Giraffe, 817, 818, 1039 
Girdle-tail, 3219 

Girl, education for true vocation, 1611 
Glace Bay, its wireless station, 2038 
Glacial drift, 3066 
Glacier, IOO, 3065, 3072, 3073 
action in the leu Age, 402 
A let sell, 2228 
Argcntierc, 2050 
Beard more, 2050 
Bois, 2050 
carrier of soil, 361 
crevasse, on du (leant, 2951 
des Bossons, 2948, 2950 
J)ove, 2950 
Kisblink, 2950 
Fee, 2347, 300 1 
Finsteraar, 2948 
I leant, 2944 
<li truer, 2919 
how formed, 2946 
Humboldt, 2950 
lake-lormers, 2227 
Luutcraar, 29 48 
Mer de (ilace, 2918, 3067 
movement of, 29 18 
Muir’s, 2049 
Tour, 2950 
track in Britain, 397 
Untcraar, 2048 

Glacier Park, Oregon, lake in extinct 
volcano, 4038 

Gladstone, W. E., 1071 
Gland, 1513 

diseased through bad teeth, 3502 
gastric, 1420 

how helps digestion, 1 122 
lachrymal, 2385 
salivary, 142 4 

sources of Nature’s medicaments, 4013 
Glasgow, market for inm, 1058 
Glass, absorbs rays of health, 4 10 
Biitish imports and exports, 2707, 2801 
constituents of, 000 
effect on rays, 1071 
engraving, 3031 
lluor, 071 

Germany's exports, 2801 
liow coloured, 909 
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Qlaia (confcd.) how discovered, 3010 
stained, 3020 
use in gardening, 1288 
value to science, 009 
Glass-blowing, 3027 
Slass-makdng, 3019, 3018-3032 
German methods, 2801 
Siemens* gas-furnace, 2803 
Glass-snake, 3210, 3220 
Glassware, examples of, 3025 
Slmtonbnry, the Abbey clock, 3722 
Glauber, Johann, biography, 4701 
Glue, in pottery, 080 
Glaaing, fire-resisting test, 3965 
Glen Boy, parallel roads, 2227, 2230 
Glider, a forerunner of the aeroplane, 1321 
61obigerina ooze, 1870 
Globin. 1185 

iliobulin, coagulated by alpha rays, 1155 
Glossina palpali* tsetse-fly spreading 
sleeping sickness, 3550, 3562 
Glover, Miss Sarah, biography, 4675 
Gloves, British exports and imports, 2700 
Glow-worm, 2803, 4067 
Glueose, carbo-hydrate, 2836 
constituent of the blood, 046 
Glueoside, in foxglove, 2020 
Cluteus maximal, muscle, 940 
Glutton, 1298 

Glycerine, British exports, 2708 
Glyoogen, 1548 
Glyptodon, 1804, 1895 
Gnats, 4207 

magnified antenna. 1519 
Susiss. a metamorphic rock, 274 
boulder at Porthlcven, 2112 
Lewiston, 3430 
subject to erosion, 3436 
Gnome-motor, how made, 845 , 1328 
Gnu. brindled, 301. 301 
white-tailed, 1541 
Goat, 1057 

its valuable milk, 3264 
Rocky Mountain, 1534, 1635 
Goat-moth, 4058 * 

Gobi Desert, 3554 
its rainlessness, 2828 
Godavari River, India, its immense 
bridge, 3381 
Godwit, 2741, 2742 , 

Goethe, as Master of Ceremonies, 4772 
biography, 4773 

Gold, alluvial deposit of, 854, 861 
amount in United Kingdom, 3033 
cause of appreciation in value, 238 
characteristics, 656 
commerce in, 4000 
disadvantages of its cheapness, 2326 
effects on history, 656 
Empire's growth in production, 401 
exports and imports, 990 
increase in its output, 3878 
market of, 1115 

medium of exchange, 109, 853, 3875 
melting-point, 649, 656 
output of Greater Britain, 485 
possible source of energy, 1274 
production in last 25 years, 853 
relation to wealth, 3033 
reserve at Bank of England, 3995 
standard rate of value, 3906 
where found, 656, 853 
world's output, 020, 621 
** Golden Age, The, * picture by A. L. 
Merritt. 2210 

“ Golden Argosies,” painting by B. F. 

Gribble, 4121 
Golden eagle, 2856 
Goldflnoh, 2490, 2498 
Goldfish, 3700 
variegated, 3692 
Gold-leaf, malleability, 649 
transmits green light, 649 
Gold-mine, description of its interior, 856 
Gold-mining, antiquity, 656 
industry, 853-863 
Goldsmith, Oliver, his house, 2566 
Soil, its value as exercise, 1911 
Gondwana Land, a paltoozoic continent, 
402, 1866 

Gongooephalus, 3214 
Cknoooeens, microbe of blindness, 3716 
Goods-station, nlzht scene at, 1594 
Goodwin fiandr, 2113 
CiQOSe, 1401, 2739, 2740 
barheaded, 2739 
grey lag, 27 38 
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Goose (contd.), spur-winged, 2739 
upland, 2739 
wild, 2738 

Gooseberry, black-knot disease of, 3451 
brown-scale disease of, 3452, 3453 
clustcr-cup disease of, 3452 
cost and yield, 2188 
die-back disease of, 3452 
fruit, 3804 

method of propagating, 2247 
Goose-grass, burr of, 2846 
Goose-skin, dependent on muscles, 042 
Gopher, 1656, 1658 
Goral, 1533 

Gore, E., on possible future of earth, 4275 
Gorges, Colonel W. C., his sanitary work 
at Panama, 232 
Gorges, 2591 

Gorilla, 168, 171, 173 , 185 
its brain, 1905 
Gorner Glacier, 3072 
Gone, 2725 

seedling and full-grown plant, 1163 

Goshawk, 2855 

Gout, caused by uric acid, 3356 
Government, different forms in British 
Empire, 2808 
Ideals in, 3043 
principles of, 3163 
relation to trade. 4235 
rise of democratic, 2681 
Governor, value to steam-engine, 3609 
Gowers, Sir W., biography, 4631 
Grab, mechanism of crane, 843 
Gradients, effect on speed, 3013 
Graft hybrid, 1651 

Grafting, in plant propagation, 1646, 
1649 , 1G51 

Graham, George, invented dead-beat 
escapement, 3735 
Grain, of wheat magnified, 2126 
Grain, British oversea trade in, 997 
trade on Great Lakes, 2313 
Gramophone, 204, 1810 , 1813, 1815 
how invented, 1804 
how it works, 1806, 1807 
scenes in a factory, 1808, 1809 
Grampus, 2262, 3458 
Grand Falls, Newfoundland, possibilities 
as power-producer, 237 
power-house at, 4093 
Grand Trunk Road, 2433 
Granite, 2779 
erosion hIow, 2112 
headland of, 2115 
permeability, 2465 
pneumatic surfac.ing-tool, 2645 
quarries for, 2776, 2781 
rotted by water, 2830 
subject to erosion, 3436 
use in road-making, 2428 
Grant, James, biography, 4755, 4756 
Grape, in vineyard, 2186 
Grape-nuts, 3119 
Graphite, its characteristics, 912 
Grass, fertilisation of, 3689 
length of seed-life, 2003 
transpiration of water by, 2368 
Grasshopper, 4301 
largc*green, 4300 

Grass-land, accumulated soil-wealth, 670 
in New World, 3550 
in Old World, 3551 

Grass-snake, 3097 

Gravel, deposited by rivers, 2500 

Gravitation, 643 

applied to planetary motion, 771 
causes of, 777 
constant action, 774 
effect on positive and negative cor- 
puscles, 463 

experiment in determining its force, 206 
how defined. 260, 771 
relat ion to the sun, 1738 
Gravity, at poles and equator, 2697 
Gray, Elisha, biography, 4675 
Gray. Stephen, biography, 4701 
Grayling, 3699 

Grease-band, how applied to fruit-trees, 
3566, 3569 

Great Bear, its binary called Mizar, 3900 
“ Great Divide,” the, 2346 
Great Lakes, shipping at, 2313 
Great Salt Lake, 2232 
Greater Britain, its commerce, 485 
United Kingdom’s investments in, 3041 
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Greathead, Henry, biography, A676, 4676 
lifeboat, 4677 * 

Greathead shield, 1201 
Greeee, its merchant marine, 1476 
railway mileage, 1601 
shipbuilding (in 1911), 1480 
trade progress in 20 years, 1354 
Greed, too often behind Industry, 127 
Greeks, ancient, why they disappeared, 
633 

Green, hygienic valifl as colour, 1072 
Green River, 3437 
Greenfinch, 2490, 2493 
Greenfly, 3568 
preyed on by aphidus, 4295 
preyed on by hovor-fly, 2714 
Greenhouse, in market gardening, 2179 
Greenland, glaciers in, 2948 
icebergs breaking off, 2952 
Greenwloh. its standard clock, 3726 
its time flashed over England, 1829 
telescope at observatory, 3729 
Gregariousness, instinct of, 3474 
Grenadier bird, 2979 
Grenelle Well, Paris, 2468 
Greyhound, 1052, 1053 
racing, 3490 
Grey-matter, 1897 

g riffon vulture, 2859 
rimsby, fishing industry, 1100 
fish-market. 1106 
steam-trawlers, 1096 
Grinding-stone, worked by compressed 
air, 2640 

Grinding-wheel, 848 
Grison, 1296 
Gritstone, 2786 
as road-paving, 2429 
Grocers, their high death-rate, 2755 
Groombridge “ 1830,” a swiftly moving 
star, 4018 
Grosbeak, 2980 

Grotius, Hugo, biography, 4688, 4688 
pioneer of Law of Nations, 4364 
Grotto, 3905 
Capri Blue, 3913 
Morgat, 3912 » 

Ground-beetles, 1299 
Groundsel, fibrous roots, 2246 
inflorescence, 3687 
Ground-squirrel, 1656, 1658 
Grouse, 2982 

Growing-point, horsetail’s, 1883 
pine branch’s, 1156 
root’s, 2249 
Growlers, 2953 
Growth, universality of, 33 
Groynes, 2305 
for coast protection, 2114 
Guadalajaro, electric power at, 2292 
Guan, 2982 
Guanaco, 935, 934 

Guano, reason for its disappearance, 
3151 

value us manure, 926, 927, 929 
Guelden, Butch coin, 3877 
Guericke, Otto von, biography, 4703, 
4704 

pressure of atmosphere test, 4703 
Guettard, Jean E., biography, 4495 
Guiana, British, trade progress in 20 
years, 1356 
Guillemot, 2615, 2616 
Guinea-fowl, 2982, 2982 
Guinea-pig, 1780 
liable to epilepsy, 2692 
Gulf Stream, 1986 
effects on climate, 2708, 3189 
Gull, 2613 
black-headcd, • 2618 
common, 2618 
herring. 2612, 2619 
lesser black-backed, 2619 
Gullet, 1424 

Gum, sources of Britain’s supplies, 
2559 

Gun, for destroying aeroplanes, 90 
firing of a, 390, 2406 
Gnn-cotton, 2400 
explosions of, 2405 
picking, 2411 

use in early photography, 3400 
Gunpowder, 2400 
why it is explosive, 907 
Gunpowder Plot, execution of the con- 
spirators, 3529 

Gnrney, Sir G* biography, 4678, 4678 
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GutenbergpJ., biography, 4681, 4682 
financial crisis, 4680 
inventor of printing-press, 603 
Gutta-percha, sources of Britain's sup- 
plies. 2550 

Gwyniaa, a salmon-like fish, 3600 
Gymnasium, open-air, 1909 

Gymnosperms, 3807 
Gymnura, 1180 

Gypsum, formed from anhydrite, 2830 
GyrC ofbrain, 1004 1 
Gyroscope, 1680, 168S 
making mono-rail possible, 88 
use with torpedo, 2761 

H 

Habit, in trees, 3925 
Habits, 2634 
acquired and true, 3588 
changes should be made slowly, 193 
Haddock, 3580, 3581 
Hadley, John, biography, 4683, 4683 
Haeckel, E„ biography, 2264, 2268, 4631 
Hsematln, 1185 

Haemoglobin, colouring blood, 1185, 2753 
Haemorrhoids, how caused, 2161 
Hagflsh, 3457 

S tic on cod, 2960 

Peace Conference in, 4242, 4245 
nann, Christian, biography, 4737 
Hail, 2954 

consists of crystals, 2945 
Hailstone, 522 
Hailstorm, danger of, 2955 
Hair, care of the, 1552 
sources of Britain's supplies, 2559 
why man has bo little, 694 
Hairs, Leaf, 2366 
protective on lupin pods, 3807 
protective on pansy, 3206 
stinging, on nettle, 2482 
Hake, 3580 

Haldane, Dr. J. S., his physiological 
account of man, 3583 
Haldrys, a seaweed, 4289 
Hale, Prof. G. E., astronomer, 1090 
Halibut, 1107, 3579 
Hall, Sir James, biography, 4 196 
Hall, Dr. S., his work on adolescence, 1492 
Halle, its Bait-springs, 2472 
Halley, E., biography, 3417, 4602, 4603 
his comet, 3420, 3421, 3422, 3423 
Halletat, Austria, excavations at, 3990 
Halo, Solar, 2712 
Hamadryad, 3100 
Hamburg, German Hca-port, 614 
Hanseatic warehouses at, 2918 
harbour for sailing-ships, 2527 
Hamilton, Sir W., biography, 4774 
Hamilton, Sir Wm. R., biography, 4603 
Hammer, how worked by air, 2640, 2646 
Hammer-bone, in ear, 2500, 2502 
Hammer-crane, 2291 
Hammer-head, a shark, 3462 
Hammurabi, Code of, 600, 3984 
Hampden refusing ship-money, 3167 
Hampstead, its garden Buburb, 1850 
Hamster, 1658 , 1659 
Hand, animal's and man's, 64, 688 
importance of, 59 
under X-rays, facing 3245 
value to man, 311 
Handicrafts, decline of, 2208 
Hanging, a punishment for trivial 
offences, 3529 
Hang-nest, 2979 
green. 2976 
Hangul, 1415 

Hankow, China, iron and steel works, 740 
Hannover, Pro!., inventor of electrical 
accumulator, 2531, 2532 
Hanieatie League, warehouses at Ham- 
burg, 2918 

Hansen, Dr M found lepra bacillus, 3565 
Han-sur-Lesse, grotto in Belgium, 3910 
Hanuman, monkey. 176 
Happiness, affects the health, 833 
dependent on health, 2745 
Harbour, construction of, 2307 
“ Harbour of Refuge, The,*' picture by 
F. Walker, 412 

Hardware, British oversea trade in, 997 
Hare, 1782 
snowshoe, 1779 

Hargreaves, J H biography, 338, 350, 4785 
Barker, Alfred, biography, 4607 
Haniotta, a fish, 3462? 3465 


Harrison, John, biography, 4786, 4787 

Hartebeest, 1541 

Harvest, its importance to the world, 1043 
Harvester, machine, 1042 
Harvest-men, 4 186 

Harvey, William, biography, 1738, 47.79 
discovered circulation of blood, 1060, 
1062 

Hat, in hygiene, 1552 
Hat-making, 3149 
Havana, cigar-making in, 3870 
Hawaii, volcano of Kiiauca, 4030 
volcano of Manna Log, 4153 
Hawk, red-shouldered, 2854 
Hawk-moth, 3086 
larvro preyed on by Banchus, 4295 
Hawksbill, 1894 

Hawkweed, wind-borne seeds of, 2842 
Hawthorn, 2725 
blossoms, 1576 
growing out of rock, 1771 
indigenous to Britain, 4169 
leaf, 2366 
Hazel-hen, 2982 

Headache, caused by bad teeth, 3592 
caused by foul air, 445, 697 
not a cause of insomnia, 1313 
Head-dress, purely decorative, 1551 
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The day of a healthy man, 67 
Wisdom and folly aliout health, 191 
Breathing life and death, 315 
A ceaseless flow of air, 445 
A golden rule of health. 57 L 
The law of the hath, 697 
Swimming anil health, .83 1 
The stream of health, 951 
The armies of the .air, 1071 
How and when to sleep, 1 191 
Elusive problems of sleep, 1311 
Principles of clothing, 1129 
The details of clothing, 1551 
Balance of mind anil body, 1669 
Wrong kinds of exercise, 1793 
Bight kinds of exercise, 1907 
The drug superstition, 2025 
The new source of drugs, 2155 
Truth about tobacco, 2273 
The cup that cheers, 2391 
Problems of alcohol, 2509 
The demand for alcohol, 2631 
The effects of alcohol, 2751 
Alcohol anil the brain, 2873 
The one natural food, 2993 
In praise of plain bread, 3115 
Some problems of diet, 3231 
Animal flesh as food, 3353 
Hanger of excess in diet, 3475 
The pathway of our food, 3591 
The care of the senses, 37 1 1 
The health of the mind, 3833 
Self-poisoning by food, 3953 
The gentle path to age, 4079 
Health in childhood, 4197 
Our Hclf-made sicknesses, 4311 
Health, care of the mind’s, 3833 
Dcilnition of, 67 
Healthy unconscious of, 73 
How to maintain, 4311 
Improvidence of, 192 
Tn old age, 4079 
Individuals vary, 191 
No certain recipe for, 194 
Part played by the mind in, 193 
Vftluo of its preservation, 3289 
Variation in maintaining, 193 
Health, Public, 3284 
Administration of, 2923 
National Medical Service for, 3922 
Organisation of, 3 103 
Plea for a Ministry of, 3922 
Hearing, 2501, 3716 
Centre in brain, 2019 
Interfered with by adenoids, 571 
Spider's, 4185 

Heart, affected by obesity, 3954 
Injured by over-athleticism, 1793 
Peculiarity of its muscle, 942 
Structure and purpose, 1061 

Heart-disease, 1063 
its cure in the future, 3800 


Heartsease, dependent on bees, 2721 
Heart-wood, of tcee-trunk, 3931, 3931 
Heat, cause of motion, 898 
causes new spectra, 1026 
different planets’, 1259 
earth's, regulated by clouds, 2710 
form of energy, 642 
given off by clouds, 2707 
how measured, 210 
relation to water. 1748 
source of the sun s, 1857 
sun’s, 1740 

three ways of t rausfcrence, 456 
wasted, 392, 1437 
Heat-apoplexy, how caused, 3190 
Heating, importance for health, 2925 
Heat-rays, cause of sunstroke, 107L 
Heat-unit, 1749 

Heaven, Mountain of, 3306, 3307 
Hedgehog, 1177 , 1178 
Hedge-sparrow, 2496 
Hedin, Sven, biography, 4755, 4757 
Hegel, George, biography, 4774, 4775 
Heilmann, JosuA invented a wool- 
combing machine, 350, 2537, 2538 
“ Heir to All the Ages,” picture by 
T. Gotch, 1968 
Heligoland, 2112 

Heliotrope, its leaf-venation, 2367 
Helium, an inert gas, 130, 524 
discovered by Sir N. Lockyer, 200 
discovered in cathode /: ay, 3246 
in planets, 1259 
in springs, 2472 
ill the sun, 1801 

its atoms pouring from radium, 1266 
produced by radium, 1154 
Hell, Mountain of, 3300, 3307 
Hellebore, 2722, 2724 
Helmholtz, Hermann von, biography, 470 i 
his piano theory, 2504 
investigations in sun’s heat, 1 45, 4270 
Helmont, J. van, biography, 4705, 4705 
Helodermatidce, 3220 
Hemichordata,*3815 
Hemispheres of the brain, 1904 
Hemlook, its malodorous leaves, 2724 
its two scents, 3089 
Hemp, source of paper, 604 
sources of Britain's supplies, 2559 
Henbane, 2722 
its malodorous leaves, 2724 
Henry III., meet ing the Barons, 2088 
Hepworth, M. W. 0., student of Labrador 
Current, 3372 

Heraclitus, biography, 513, 4775, 4777 
pioneer of evolution, 1033 

Herb-gatherer, 2024 

Herbert, Johann, biography, 4689, 4689 
Herculaneum, bn.leil by Vesuvius, 4145 
Hercules, constellation, its globular star 
cluster, 4139 

star-cluster M. 13 in, 4265 
Hercules, statue of, 949 
Heredity, 1757, 1873 
physiology of, 2357 
relation to health, 195 
Heresy, 3525 
Hermit-crab, 1575 
Hero, biography, 4788 
steam experiments, 4789 
41 Hero, the Last Watch of,” by Lord 
Leighton 3466 

Heroism, its emotional cause, 3473 
Heron, 2733 
boat-billed, 2734 
European, 2733 
Herring, 3576, 3576 
its great food-value, 3357 
number of its eggs, 3458 
Herring-fishery, 1097 
Herschel, Caroline, ‘biography, 47 17, 
4717 

Hersohel, Sir J„ biography, 4604, 4605 


his theories on Milky Way, 4263 
Herschel, Sir W., biography, 4715, 4717 
discovered Uranus, 3177 
illustration of planets’ sizes, 2937 
theory of star-distribution, 4202 
Hertwig, Prof. R* his experiments with 
dapnnia, 500 

Hertz, Heinrich, biography, 4706 
discovered electric waves, 211, 2037 
experiments with cathode rays, 3242 
Hevea brasiliensis, 1224 
Hewitt, Peter Cooper, biography, 4789 
invented the mercury lamp, 2894 
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Hides, British oversea trade in, 097 
fluctuation of prices, 2557 
sources of Britain's supplies, 2559 
the best for t aiming, 2912 
Hieroglyphics, 3222 
gave rise to an alphabet, 3226 
solved by Chainpollion, 3978 
the Rosetta Stone, 3978 
Highway, 2417 
Highwayman, 3524 
popularly condoned, 3520 
Hill, how lowered, 164 

hke also Mountain 

Hill, David Octavius, early portrait- 
photographer, 3490 
Hill, Sir Rowland, his penny post, 1822 
Hilum, of a seed, 2001 
Himalayas, 266 , 3306, 3313 
height of their snow-line, 2946 
their high rainfall, 2826 
Hind, John R„ biography, 4718 
Hindu, intellectual power of, 3005 
Hip, wild roses showing seed, 3806 , * 

Hipparchus, biography, 4718 
Hippocrates, biography, 4740, 4741 . 
Hippopotamus, 815 , 816, 819 
when it lived in Europe, 402 
Hira, Mount, 3305 
Hirudo medicinalis, 4180 
Hissarlik, site of ancient Troy, 3986 
History, does it repeat itself ? 513 
Hittites, ancient civilisation of, 3978 
Hittorf, Merman scientist, discoverer in 
cathode rays, 3240 
Hoang-ho River, 2587 
alteration of course, 2350 
delta of, 2593 

Hoar-frost, in cold-storage 3135 , 3137 
Hoarseness, indicative of disease, 3717 
Hoatrin, 2851, 2982 

Hobbes, T., biography, 2988 , 4776, 4777 
discovered association of ideas, 2987 
Hobby, value of, 2855 
Hockey, value as a game, 1913, 1913 
Hodgldnson, James, inveutor in salt- 
production, 4108 
Hoffman, F., 3296 
on American birth-rate, 3295 
Hofmann, A. von, biography, 4707 , 4707 
Hog-deer, 1416 

Hogweed, a valuable weed. 1049 
Holden, Sir Isaac, biography, 4490 
Holland, canals in, 2314 
growtli of merchant luariue, 1 176 
increase of exports in 9 years, 2921 
railway mileage, 1596, 1601 
shipbuilding (In 1911), 1480 
trade progress In 20 years, 1354 
trade with Britain, 1237, 1241 
vegetable cultivation in, 1292 
windmills in, 2518 
Holland, J. P., ills submarine, 2767 
HolHngbourne, surfucc spring at, 2468 
Holly, 2726 

bde gnawed by rabbits, 4056 
skeletonised leaf, 3930 
when introduced into Britain, 4169 
Holyoake, 0. J., biography, 4691 
Holzwarth, Herr, his gas-turbine, 3852 
Home, communal type still extant, 243 
“ Home, the Last Day in the Old, 11 2630 
Home-ohild, problems in eugenics, 1131 
Home-life, necessary for children, 1 134 
Homeopathy, 3475 
Home-safe. Post Office, 1818 
Homicide, now treated among primitive 
people, 1722 
Homo primigenius, 437 
Homo sapiens, 437 
Homogamy, 1398. 4251 
Honesty-seeds, 3807 
Honey, mado from nectar, 3088 
Honey-bassard, 2855 
Honey-creeper, 2980 
Honey-guide, 2981 
Honeysuokle, fibrous bark, 3927 
twisting stem, 2251 
varying scent, 3090 

Hong-Kong, power-house with gas- 
engines at, 3851 
Hood, Mt., Oregon, 3314 
Hooke, Robert, biography, 4700 
study of infusoria, 1881 
Hooker, Sir J., biography, 1224, 4742 , 4742 
Hoopoe. 2981 , 2982 
Hop, 2251 
twisting stem, 2807 
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Hopper, for crushing gold, 860 
Hopping fruits, 2969 
Hormones, in blood, 1189, 1661 
Horn, sources of Britain’s supplies, 2559 
Hornbeam, when introduced into Britain, 

4169 

Hornbill, 2981 
black, 2979 , 2980 

Hornblende, 2779 

Horroeks, J., biography, 4714 , 4719 
Horror, iuspired by snakes, 3094 
Horse, ancestry of, 1058 
Its power compared with man's, 4324 
Horse-chestnnt, 4171 
arrangement of leaves, 2482 
autumn shoots, 1168 , 1169 
bud unfolding, 1769 
section of loaf, 2371 
when introduced into Britain, 4109 
Horse-leech, 4180 

Horse-radish, protected by its taste, 

2727 

Horsetail, 2722 
distasteful to animals, 2724 
growing point of, 1883 
Horsley, Sir Victor, biography, 4743 
brain specialist, 2018 
Hospitals, 3289 
established by monks, 3284 
need of municipal, 2925 
operating .theatre.! at, 3800 , 3801 
Hotbed, for mushrooms, 2178 
Hound’s tongue, its offensive smell, 2727 
Hour-glass, 3725 
House, needs of every, 2925 
primitive, 752 
House-fly, 4296 
bautcria on its foot, 3564 
foot, magnified, 3556 
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House-martin, 2494 
House-mouse, 2141 

Housing, importanee in cugenies, 1729 
to-day’s problems in, 1849 
Hovel, source of defectives, 2091 
Hover-fly, life-history, 2714 
Howard, Ebenezer, biography, 4692, 4693 
pioneer of garden cities, 1350, 1852 
Howard, John, biography, 4693 
reliever of misery, 3285 
visiting sick in prison, 4695 
Howe, Elias, biography, 4792 
sewing-machine, 4793 
Howe, Samuel G.. biography, 4695 
Howick Waterfall, Natal, 3786 
Howler monkey, 178 
Hucho, a river fish, 3099 
Hudson, Henry, biography, 4757 
last voyage, 4759 

Huggins, Sir W., biography, 1863 , 4720 
work in spectrum analysis, 201 
Hughes, David, biography, 4703 
invented coherer, 2036 
invented microphone, 714 
telegraph instrument, 4794 
Huguenots, driven from France, 632 , 638 
Hull, fishing industry, 1100 
Humanity, its civilising influence, 1122 
Humble-bee, nest, showing cocoons, 3942 
numbers dependent on field-mice, 2721 
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Humboldt, A. von, biography, 4743, 4744 
his definition of climate, 3183 
Hume, David, biography, 4777, 4779 
Humerus, bone of upper arm, 820 , 826 
Humidity, effects on health, 3190 
relative, in the air, 697, 1509 
Humming-birds, 2980 
Hnmmocky-ice, 2954 
Humped cattle, 1058 

Humus, produced by bcech-lcavcs, 4169 
Hunger, latent possibilities in modern 
society, 1244 

Hunt, W., ** The Attack,” 3481 
“ The Defeat ” 3482 
Hunter, John, biography, 4744, 4745 
distinguished surgeon, 3917 
Huntsman, Benjamin, biography, 4795 
discovered steel processes, 220 
Hnron, Lake, 2228 

Hutchinson, Dr. Robert, on the consump- 
tion of meat, 3358 
Hutton, James, biography, 4607 
Hnxley, Thomas H., biography, 916 , 4746 
champion of evolution, 919 
on cells of l>ody, 666 
on mutations, 2238 


Huygens, Christian, biography. 4721 
invented vacuum engine, 36u4 
solved problem of Saturn's rings, 3059 
Hyades, 4258, 4259 
Hysena, 550, 551 
remains in Britain, 3900 
Hybridisation, 1403, 1530, 1650, 2120 
its study by biologists, 922 
Hydraulic power, 2284, 4321 
bending-press, 2283 
lift, 2285 i 

riveting-machine, 2284 
shipyards' use of, 3514 
Hydraulic sluicing, in extracting gold, 855 
Hydro-carbon, source aniline dyes, 2799 
Hydrochlorio aoid, constituents of, 908 
function in digestion, 1425, 2159, 3234 
how obtained, 1448 
powerful antiseptic, 1426 
Hydro-electric power, 2289 
Hydrogen, characteristics, 907 
constituent of water, 1748 
iri atmosphere of Sirian stars, 3658 
in chromosphere of sun, 1977, 2098 
in molten crust of earth, 1748 
in planets, 1259 
in protoplasm, 280 
intra-atomic energy, 1274 
result of its oxidation, 907 
temperature it freezes, 908 
temperature it liquefies, 908 
Hydrophobia, Pasteur’s work on, 3082 
Hydrophytes, 2485 
| Hydroplane, 1333 
Hygiene, in clothing, 1429 
in relation to the mind, 1671 
Hygrophorus coedneus, 3204 
Hyla, Brazilian tree-frog, 3337 
HylesinuB pini, its tunnellings, 4054 
Hymenoptera, 3933 
their highly developed instinct, 1520 
Hypermetropia, 2387, 3712 
Hyphse, forming mycelium, 3208 3325 
Hypnotics, their great danger, 2158 
Hypnotism, 3584 
a serious study, 4069 
in relation to sleep, 1312 
Hyracotherium, 1058 
Hysteria, 2695 

hypnotic suggestion for, 4076 

I 

Iberians, early British race, 1844 
still extant in Britain, 1245 
Ibex, Nilgiri, 1533, 1534 
Ibis, 2738 
sacred, 2735 

Ibsen, his viows of marriage, 625 
Icarus, legendary hero, 458 
Ice, 522 

artificial, 3126, 3136 
crystalline structure, 2945 
cutting natural, 3129 
how affected by heat, 1749 
machines that make, 3126 
reservoir of water, 2345 
submarine's journey under, 2774 
weight, 2945 
why it floats, 2945 
Ice Age, conditions during, 402 
its extent, 3071 
signs in Scotland, 3069 
Iceberg, 2952 , 2953 
Antarctic, 2950 
carrier of mud, 1870 
southward range, 2950 
Ice-floes, 2954 
Ioe-fiowers, 2948 
Ice-grotto, 3073 
Iodand, fishing-grounds, 1103 
geysers, 2472, 4026 
Ioe-maohine, 3127 
Icerya purchasi, 4302 
Ichneumon, 2142, 3933 
Ichneumon-fly, 1283 , 4295 
Idants, 1997 

Idleness, economic, 3278 
Ids, 1997 

Iguana, 3216, 3218 , 3219 
Iguanodon, 398 

Iquasn River, Brazil, Victoria Falls, 3782 
Ilenm, 1420 
Ilium, 820 

Hleginmaoy, associated with feeble- 
mindedness, 2691 
statistics of, 629 
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Di-health, 3t« effect on the mind, 1671 
Illiteracy, of criminal population, 3527 
Illumination, 2881 

Imitation, in relation to behaviour, 3587 
Immigrants, prevention of disease among, 

United States*. 504 
value to Canada, 3403 
Immortality, 4303 
earliest traces of belief in, 1124 
shown in germ-cells, 400 
Immunity, from disease, 3081 
new science of, 4044 
Imports, as interest on capital, 4120 
Britain’s increasing dependence on, 2554 
British, a broad analysis of, 362 
British, from British possessions, 1118 
British, growth of, 1236 
diagram of British, 2552 
France’s, growth of, 4357 
Germany’s, growth of, 4357 
how valued, 1478 
paid for by exports, 903 
South America’s increasing, 4358 
United States’, 993 
United States’, growth of, 4357 
Imprisonment, evil in place of a fine, 3646 
Inactivity, evil effects on life, 1191 
Incandescence, 2885 
Incisor, chief tooth of rodents, 1776 
Inoome, in relation to prices, 3757 
Incubator, in silkw'orm industry, 3742 
Incus, bone in the car, 2502 
Indeterminism, 3706 

India, British investments in, 1000, 3041 
bureaucratic government, 2808 
coal exports and imports, 2079 
coal output, 486 
factory system in, 3003 
growth of merchant marine, 1476 
imports and exports, 1 1 15 
irrigation works, 1695 
jute manufacture, 2679 
population, 1114 
prevalence of malaria in, 3446 
races of inhabitants, 564 
railway mileage, 1596, 1601 
railways in, 4215 
relieving famine in, 491 
silk-moth cultivation in, 3738 
snake-charmer in, 3092 
sugar plantations in, 4224 
trade progress in 20 years, 1355 
Indian, Red, at home, 569, 1305 
opposed the railway, 1463 
rich in virtues, 562 
Indian Ocean, 1867 
Indiarubber, synthetic, 2659 

HER AMO BUBHKR 

Indigestion, cans?? of, 956 
cause of insomnia, 1314 
due to bad teeth, 3591 
Indigo, 2165, 2799 

Indium, an element-, how discovered, 524 
Individual, unimportant compared with 
the race, 409 
Individualism, 2809 
Individuality, influenced by mob, 115 
Indri, 180 

InduB, R., crossed by mail-runner, 1821 
Industrialism, effects of, 1488, 2204 
Industries, British, table of a year’s pro- 
duction, 873 

creator of social union, 245 
developed by canals, 2313 
developed by woman, 752 
effects of revolution in, 2324 
how affected by science, 28*18 
mistaken methods, 238 
national purpose, 871 
speeding up in, 3003 
symbolical picture, 493 
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Life in the great, oil-ftclds, 93 
Steel and civilisation, 213 
The cotton of the world, 337 
Britain’s black diamonds, 405 
The keeper of knowledge, 599 
A city’s water supply, 721 
Symbols of prosperity, 853 
Art out of chaos, 977 
The harvest of the sea, 1097 


Industry— -(continued) 

Rubber’s strange story, 1219 
A revolution in building, 1335 
Ocean to ocean railways, 1453 
Toilers beneath the sea, 1581 
Making the desert bloom, 1695 
The triumph of a penny, 1817 
Halving a continent, 1933 
Telling Home new thing, 2055 
The market garden, 2177 
Fighting wind and wave, 2299 
Roads and road-making, 2417 
Keeping mankind warm, 2535 
The forest industries, 2655 
Treasures of the quarry, 2777 
Science and shoe-making, 2899 
Marvels of glass-making, 3019 
The fur and feathers trade, 3139 
The dairy industries, 3255 
Spanning the waters, 3375 
The building of ships, 3499 
Breakfast beverages, 3613 
The silk industries, 3737 
The tobacco industry, 3857 
History under the earth, 3977 
The making of salt, 4099 
The sugar industry, 4221 
Making a motor-car, 4337 
Inebriety, 2873 

HER AIM) AU OHUMKM 

I Inertia, law of, 777, 899, 1274 
Infant, definition of term, 101 L 
high mortality rate, 1011, 3535 
problem of feeding, J Oil 
Infanticide, causes of, 3409 * 

I Chinese, 500 
in China and Kngland, 1013 
Infirmary, workhouse, 3289, 3290 
Inflorescence, various forms. 3087 
Influenza, a cause of melancholia, 2745 
Infusoria, 1881 
Inheritance, blended, 2122 
law of ancystral, 1877 
musical, 2331 

Inhibition, function of, 3704 
Inoculation, 3080 
effect on typhoid, 4013 
for discovering tuberculosis, 3318 
.Tenner’s, of his son, 3914 
Inquisition, 2088 
cause of Spain’s decadence, G3GG 
Insanity, causes of. 2745, 3049 
distinct from fcehlc-iuiiidcdncps, 2691 
increase, 3534 ■ 
not allied to genius, 4189 
” recessive ” character of, 3532 
Insect, 48, 4293 
carrier of parasites, 2903 
dependent on flowers, 3085 
instincts of, 3345 
lac, 4302 

leaf-and-stick, 430 L 
marked difference in sexes, 661 
plants that feed on, 2609-11 
praying, 4301 
.scale, 4302 
Insecta, 4177 
Insect-eaters, 1175 
Insecticide, Paris-green as ; 3450 
Insectivores, 1175 
Insomnia, 1311 
Inspection, medical. 1251 
Inspiration, its psychical value, 3951 
Instinct, 3343 

how much remains in man, 1790 
in infancy and boyhood, 3349 
parental, 410, 3471 
racial, the most important, 410 
relation to intelligence, 1520 
Instruction, its importance, 1309 
Instruments, musical, British imports 
and exports. 2804 
Insurance, an aid to thrift, 3889 
Insurance, National, 2026 
Insurance Act, 3289, 4311 
effect on national hygiene, 2756 
in relation to tuberculosis, 3322 
Intellect, dependent on love, 1643 
how formed. 1157 
natural product, 1158 
Intelligence, action on instinct, 3345 
associated with words and speech, 3223 
in animals, 1638, 3223 
its seat in the brain, 1901 
relation to instinct, 1520 
supplanter of instinct in man, 695 
Inter-crossing, in human races, 564 


| Interest, importance in psychology, 2089 
I vuluo to memory, 31 10 
Interest, on capital, 3276 
Interferometer, the instrument, 200 
Intermarriage, a social evil, 443 
Internationalism, 4363 
in the division of labour, 3398 
Intestine, 1420 
function of, 1426 
Intoxication, by lack of air, 445 
Invention, its difficulties today, 1600 
restrained by social habits, 116 
Inventions, an anticipation, 2442 
effect, on economies, 3396 
Inventiveness, due to liberty, 2206 
Inventor, the governor of the world, 1915 
Invertebrates, contrasted with verte- 
brates, 690 

fossil, found in rocks, 396 
Investment, affecting commerce, 4120 
British, abroad, 1000, 3041, 3281, 4119 
in new count ries, 1 354 
Iff, satellite of Jupiter, 2940 
Iodine, a food of water-plants, 417 
use in photography, 3485 
Iodoform, 2836 
Ipomcea purpurea, 2610 
Ireland, becoming agricultural. 1043 
its birth-rate, 508 
peasants in the West, 5G7 
Iris, of eye, 2385 

Iris, flower, pollinating bee, facing 3087 
Iron, annual production, 358 
British oversea trade in manufactured, 
997 

British production (since 1740), 4238 
composition of meteoric, 330 L 
difference from steel, 213 
Umpire's growth in production, 491 
exports and imports of British manu- 
factures, 2674 

first used for bridge-building, 3378 

future of, 1956 

how added to the soil, 287 

importance in modern world, 650, G51 

in springs, 2472 

mines in China, 748 

native ores of Britain, 357 

necessary for green plants, 417 

output of Greater Britain, 485 

plastic when heated, 049 

Ruskin quotation, 050 

symbolic ilgtirc, American Trust, 3632 

transformer of shipbuilding, 3500 

use in bridge-building, 3380 

value as a drug, 2030 

value in blood, 1185 

why it will become dearer, 238 

world's production, 236, 020, 021 

world’s trade in, 195 L 

her AMo Iron Ore 

Iron Age, its duration, 650 
Iron ore, G50 
exported by Sweden, 744 
its supplies, 1950 
necessity of importing, 2553 
sources of Britain’s supplies, 2559 
Spanish mines at Bilbao, 743 
Iron-rust, 654 

Iron-smelting, cost of a year’s materials 
in United Kingdom, 873 
number of British employed, 873 
year’s British production, 873 
Ironworks, 1957 

capital value in United Kingdom, 3040 
Iroquois, Red Indian trilic, 1365, 1366 
position of their women, 369 
Irreconcilables,” by Don'*, 4128 
Irrigation, by wind-power, 2528 
trench on a Held, 804 
Irritability, 2744 
Isaiah, 2085 

painting by Bartolommeo, 2087 
Isar, River, a future source of power, 234 
Ischia, or sitting- bones, 826 
Isinglass, made from sturgeon, 3700 
Islands, continental and oceanic, 3065 
coral, 3665 

formed by volcanoes, 4035 
why their climate is equable, 3189 
Isobar, 1630 

Isotherm, shows distribution of tempera- 9 
turc, 1630, 3190 
Israel, 2085 

Italy, coal eximrts and imports, 2079 
emigration in 10 years, 4359 
growth of its merchant marine, 1476 
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Italy (contd.), increase of exports in 10 
years, 2921 
marble quarries, 2792 
national unity in, 4003 
population. 231, 4354 
railway mileage, 1590, 1001 
shipbuilding (In 1911), 1480 
trade progress in 20 years, 1354 
trade with Britain, 1238, 1241 
use of water-power. 744 
Ivory, sources of Britain's supplies, 2559 
Ivy. 1773 

adventitious roots, 2246 
cutting rooting in water, 2248 
flowers of, 3090 
leaf, 2366 
nectar, 3088 
not a parasite, 2960 
* ‘ , volcano, 4030 


Jacana, 2742 , 

Jackal, 661, 553 

Jackson, H. B., his wireless system, 2042 
Jacquard, Joseph, biography, 4790, 4798 
loom Invention, 4707 
Jaguar, 433, 435 
Jam, mould on, 3209 
James, William, biography, 4779 
his " Principles of Psychology/' 3345 
Janssen, Zaoharias, astronomical dis- 
covery, 2098 

discoverer of microscope, 200 
January, the night sky in, 3451 
Japan, Ainos of, 439 
birth-rate rising, 381 
British investments in, 1000 
coal exports and imports, 2079 
coal resources, 740 
Empire of, 379 

growth of merchant marine, 1470, 1477 
increase of exports in 10 years, 2921 
introduction of factory system, 3003 
plague-lighting in, 3282 
position of women, 879 
railways, 1597, 1001 
shipbuilding (in 1911), 1480 
trade progress in 20 years, 1355 
trade with United Kingdom, 1240, 1241 
Japanese, antiseptic surgery in war, 3798 
cleanliness of, 440 
doctors searching for plague, 3563 
light against dirt and disease, 3289 
national patriotism of, 4008 
rapid progress in civilisation, 117 
Jasper, formed from silicon, 909 
its source of colour, 054 
Java, forest scene in, 189 
home of earliest known man, 180, 311 
sugar industry, 4221 
Java-sparrow, 2974 
Jaw, of man, 828 
Jay, 2493 
Jejunum, 1420 

Jelly, its slight nutritive value, 2994 
Jelly-fish, 294, 304, 305, 1576 , 3818, 3818 
medusa stage, 3816 
showing ripe ova, 2601 
Jena, itsjglassware. 3024 
Jenner, Edward, biography, 4748, 4749 
discovered vaccination, 3917 
inoculating his son, 3914 
statue in Kensington Gardens, 3921 
Jennings, his work on dyes, 2170 
Jerboa. 1776 , 1778 

Jerusalem artichoke, section showing 
cellular tissue, 1882 
Jews, 2085 

immunity from tuberculosis, 3202 
modem tendency in marriage, 507 
peculiarities of race, 500 
race of eugenlsts, 249 
success due to struggle, 4374 
Joaohimsthal, where radium was dis- 
covered, 1148 
Joan ot Aro, 883 
her vision, 2144 

Joanna Bogoslova, a volcano-formed 
island, 4035 

Johannesburg, centre of gold-mining, 856 

Johannsen, Prof. Wilhelm, experimenter 
in biology, 2241. 2243 
on inheritance, 2091 
John Bull, 3956 
John Dory. fish. 3577 x 3578 
Johnson, Dr., his birthplace, 2567 


Joint, ball-and-socket type, 824 
Joly, Prof. John, biography, 4008 
in colour-photography, 3496 
Jolly, Prof., his theory of formation ot 
mountain ranges, 3434 
Jones, F. Hope, applied electricity to 
clocks, 3730 

Jordan, Dr. David Starr, American 
eugenist, 2330, 2336 
Jordan, River, its source, 2348 
Jorullo, Mexican volcano, 4034 
Joule, James P., biography, 4709 
Journalist, his profession, 2057 
Jndd, John W., biography, 4009 
Jnkes-Browne, A., biography, 4609, 4010 
Jnngtrau, Mt„ 3304, 3307 
railway, 4210 

station on its railway, 4218 
Jangle-fowl, 2731, 2982, 2082 
Juniper-tree, when introduced into Bri- 
tain, 4169 

Juno, asteroid, 2822 
Jupiter, 23, 2937, 2941 
explanation of its belts, 1379 
influence on the asteroids, 2823 
markings, 2942 
moons, 2940 

moons as Galileo saw them, 1021 
orbit, 2942 

oval spot and belts, 2943 
path through heavens, 2939 
Jurassic Era, its fossils and place, 396 
Jury, origin of trial by, 2088 
trial by. under Alfred, 2089 
Justice, international, 4243 
Jute, British imports and exports, 2679 
Empire’s growth in production, 491 
fluctuation of prices, 2550 


Kaffirs, 439 

intelligence as children, 441 
work in the mines, 856 
Kagu, 2733 
Kaieteur Fall, British Guiana, 3785, 3793 
Kaiping, coal output, 747 
Kakapo, 2803 

Kale, length of seed-life, 2003 
Scotch curly, 1402 
Kallima, butterfly, 4000 
Kamilaroi, Australian tribe, 365 
Kangaroo, 2007, 2010 
cervine, 2006 
great grey, 2006 
red. 2006 
skeleton of, 688 
tree, 2009 

Kant, biography, 514 , 1675, 4781 
propounded nebular theory, 1137 
theory of organic evolution, 1034 
Kaolin, or China clay, in pottery, 977 
Kara-Baghas, 2231 
Karakoram, 3307, 3310 
Karnak, Egypt, terrace of sphinxes, 39 85 
Karoo, South African, its lack of rain, 
2709, 2828, 3545 
Karren, due to erosion, 2830 
Karyokinesis, 538 
Katabolism, 2838 

Katrine, Looh, source of Glasgow’s water- 
supply, 724 
Kauri-tree, 2657 
Kay, John, biography, 4798 
invented fly-shuttle, 350 
Keel-blocks, in shipbuilding, 3512 
Keel-plate of “ Olympic/’ 3506 
Keith, Arthur, biography, 4749 
on Comparative Anatomy, 309 
Keith, Dr. George, his “ Plea for a Simpler 
Life,” 3475 

Kelt, Balmon that has spawned, 3693 
Kelts, origin of the race, 3990 
Kelvin, Lord, biography, 4700. 4710 
on ” Dissipation of Energy/* 385 
on the earth’s future, 4270 
Kelynaek. Dr. T. N., 2878 
Kenia, African volcano, 3310, 4029 
Kensington Palace, fountains, 3485 
Kent’s Cavern, Torquay, 3006 
Kentucky, Mammoth Cave, 3908-3910 
Kepler, biography, 771, 4722, 4723 
laws of planetary motion, 770 
Keppler Falls, Yellowstone Park, 3788 
Kerosene, 105 
Kerria. its leaf, 2366 
Kestrel, 2855 


Ketton stone, 2780 ~ 

Key, Ellen, biography, 3173, J750, 4731 
her teaching, 3169 

Khartoum, how freed from malaria, 3440 
Khayyam, Omar, biography, 4725 
Khorsabad, excavations at, 3980 
Khyber Pass, 2416 
Kidd, Benjamin, 2095 
Kidneys, 1542 
affected by alcohol, 2515 
how they work, 154* 
lack of action in sleep, 1193 
relation to clothing, 1431 
Kilauea, Mt„ Hawaii, its crater, 4030 
Kilimanjaro, African volcano, 3310, 4029 
its underground riven. 2348 
Killer, 2202 

Kimberley, diamond-mining centre, 862 
Kinaesthesia, nerves devoted to, 2746 
Kindergarten system, its value, 1132 
Kinemaoolor, 1572 
Kinetosoope, Edison's first, 1561 
King-cobra, 3100 
King-crab, 3824 
King-crow, 2977 
Kingdom, United, 

bice Ujutkd Kingdom 

Kingfisher, 2493 
Kinghorn, lava rocks at, 2115 
Kingship, its origin, 1127, 1003 
King-snake, 3097 
Kinkajou, 687 

Kinlochleven, hydro-clcctric plant, 2289 
Kirchhoff, G. R r discovered meaning of 
black bands in spectrum, 201 
Kirkd&le, cave with bones, 3905 
Kissingen, its thermal springs, 2468 
Kitasato, 80 
Kite, bird. 2854, 2854 
Kite, raising meteorograph, 3373 
Kitten, 426 
Kittiwake, 2617 
Kiwi, 2862 

Klipspringer, 1538, 1541 
Klondyke, 854 
dog-mail team, 1821 
gold-seekers on route to , « 648 
Knapp, Prof., applied salts of chromium 
to tanning, 2902 
Kneecap, 826 

Knee-joint, liability to strain, 1797 
Knife, edge magnified, 973 
Knock-knees, due to malnutrition, 1136 
Knossos, Crete, excavations at, 3990-1 
Knot, bird, WS, 2742 
Koala, 2012, 2013 
Kobandaiaan, volcano. 4147, 4118 
Koch, Robert, biography, 3197 
discovered tubercle bacillus, 3195 
Kobl-rabi, 1402 
length of seed-life, 2003 
Komppa, a chemist, 2166 
Korea, granary of Japan, 3000 
its tobacco industry, 3866 
Korn, Dr., transmitted photographs by 
telephone wires. 3494 
Kowalewsky, S., theories on sex-deter- 
minisation, 501 
Kraepelin, Prof., 2879 
Krait, 3102 

Krakatoa, volcano, 4030, 4148 
changes in land surface caused by its 
eruption, 4150 
eruption, 4149 
eruption affects sunsets, 2712 
steamer stranded by its tidal wave, 4151 
Krapina, village on Danube, home of 
early man. 1124 
Krona. Scandinavian coin, 3877 
Kropotkin, Prince, his intensive cultiva- 
tion, 668, 674 
Krypton, inert gas, 524 
associated with auroras, 2703 
Kudu, 1535 
Kuen-Len, 3307 

Kunehlnjinga, Mount, 3308, 3313 
Kuro Sivo, equatorial current, 3189 

L 

La Conr, J. C. f dairying reformer, 3255 
La Conr, P., inventor of windmills, 2517 
La Pas, Bolivia, its railway, 4211 
La Peronsa, Jean, biography, 4759, 4760 
La Plata, River, 2354 
Latch, Lake, 4030 

Labelye, Thomas, built Westminster 
Bridge, 3370 
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Labiates, method of seed-dispersal, 2960 
Labour, couplet with capital. 2808 
division 01^3394 
division between sexes, 756 
economy of, 3393 
necessity for, 3035 
productive and unproductive, 3155 
source of wealth, 3155, 3275 
when irksome, 3035 
Labour Party, 2082 
choice of leaders, 2686 
its influence, 2326 m 
Labrador, ice-floes off, 2954 
Labrador Current, 1986 
influence on the weather, 3372 
Laburnum-tree, transverse sections of its 
trunk, 3931 

when introduced into Britain, 4169 
Laoerta, constellation, 4257, 4259 
Lac-insect, 4302 

Laokey-moth, its caterpillars, 3573 
Lact-albnmin, a protein of milk, 2997 
Lactation, length of duration, 1011 
Laotic acid, 2999, 3266 
produced by microbes, 3076 
Ladybird, 4301 
used by man. 934 
Laenneo, Rend, biography, 4751 
Lagoon, how formed, 2228 
in coral island, 3669 
Lagoon Islands, 3669 
Lagrange, on Planetary System, 1020 
Lair, Lieut., inventor of wireless for light- 
houses, 2053 

Laitinen, Prof. Taav, investigator of alco- 
holic taints, 3895 
Lake, 2227, 2227-2235 
evaporation, 2700 
Fife, Bombay, 1706, 1703 
in volcanic craters, 4030, 4038 
Marjelcn See, 2228 
Salt, 2230 
Superior, 2232 
work of, 2229 

Lake-dwellers, their use of pottery, 977 
Lamarck, Jean, biography, 023, 4752 
his theory of evolution, 1035 
Lambert, Alexander, diver, 1588 
Laminaria, 2489 . 

Angered, 4291 
Lammergeier, 2850, 2858 
Lamorna, quarry near Penzance, 2780 
Lamp, in olden times, 2881 
mercury-vapour, 2892 
Nemst, 525 

08ram, made of rare elements, 525 
Welsbach, how made, 525, 529 
Lamprey, 293, 304, 3457, 3697 
Lancashire, its cotton industry, 1711 
Lancaster, Joseph, biography, 4696, 1690 
Lancelot, 1641, 3815 
Lanchow, its coal output, 748 
Land, extent affects a nation’s trade, 4117 
its mean height, 1865 
private ownership problems, 1841 
rise in its value, 3275 
Bourco of wealth, 3273 
value of in United Kingdom, 3039 
Land animals, when first appeared, 2700 
Land-breexe, 1629 
Landes, marshy plains, 3547 
of Gascony, 3547 
of Northern Germany, 3548 
Landowner, influence in Germany, 1962 
Land-plants, compared with sea-plants, 

Landscape, with no atmosphere, 1387 
Landslip, as lake-former, 2227 
how caiwcd by rain, 2832 
in Canada, 1468, 1472 
on Hampshire coast, 2829 
Land tenure, system in Italy, 3517 
Lane, R. N. Angell, biography, 4782, 4783 
his theories, 80 

Lange, German psychologist, 3348 
Langley, S. P., biography, 4799 
Language^ convention, 1245 
effect on nationality, 4004 
how the brain learns, 3227 
Lankeeter, Sir Ray, biography, 4957 , 4958 
on educability, 2985 
Lantern, of lighthouse, 2896 
Laplace, Pierre, biography, 4838, 4839 
failure of weather forecast, (in 1812), 3361 
his nebular theory, 20, 1139 , 1140 
Laplanders, picture of, 566 


Lapwing, 2742 

Laramie, Lake, in Cretaceous Era, 404 
Laramie Mountains, their erosion, 3436 
Larch-tree, length of life, 4172 
when introduced into Britain, 4169 
Lark, 2492, 2497 
Larynx, 1302 , 1303 
use in articulation, 3224 
Lass&lle, F., biography, 2445, 4698, 4698 
German Socialist, 2807 
his teaching, 2444 
Lassell, Wm., biography, 4840 
discovered Neptune's moon, 3180 
discovered two moons of Uranus, 3178 
L&stique, 0., his mono- rail system, 1680 
Latex, 1219 

Lathe, 842, 845 , 846, 3397, 4328 
Latissimus dorsi, muscle, 940 
Lattioe-girders, 2300 

Laudanum, drug that relieves pain, 3674 
Laughing-gas, its constituents, 907 
why comparatively harmless, 445 
Launch, of a monster ship, 3515 
Laundress, picture, 758 
Laurel, adventitious buds of, 2364 
Lauterbrunnen, its eablc-raihvay, 4204 
Lava, 4029 

advancing down a street, 4146 
being belched from Vesuvius, 4031 
caves duo to, 3906 
decomposition, 288 
in flood, 2832 
in Iceland, 4026 
pouring over a village, 4037 
rocks at Kinghorn, 2115 
supports plant-life, 288 
Laval, Dr. Gustave de, inventor of a 
steam-turbine, 330 
Lavants, intermittent springs, 2466 
Laveran, M., discoverer of malaria para- 
site, 3139 

Lavoisier, A. L. ( biography, -1712, 4713 
Law. 3013 
forest, 4109 

held sacred by British, 3167 
in the modern world, 1482 
origin of, 1124 
international, 4361 
reasons for social, 3526 
relating to trade, 4236 
symbolical picture of Roman, 1242 
L&wes, Sir John, biography, 4008, 4699 
experimenter in plant chemistry, 38, 926 
Lawyer, ills use in commerce, 872 
Layard, Sir A. H., biography, 4761, 4761 
excavations, 3977, 3079, 3980, 3981 
Layering, in horticulture, not 
Le Bon, Gustave, biography, 4823 
oil ether, 042 

Lead, annual production, 358 
fluctuation of prices, 2556 
formed from polonium, 1271 
impenetrable by X-rays, 3250 
output of Greater Britain, 485 
plasticity, 649 

probably evolved from radium, 520 
sources of Britain’s supplies, 2559 
world’s output, 620, 621 
Lead-poisoning, 3772 
Leaf, 1170, 368 4 
absorption of carbon by, 2370 
arrangement, 2364, 248 L 
different types, 2366-7 
how thrown olf trees, 1168, 3929, 3930 
in one plane, 2486 
makes soil, 16 L 

manufacture of carbon by, 2370 
movement of chlorophyll in, 2604 
movements of, 237 1 , 2605 
nourishes the soil, 423 
protective arrangements, 2364 
rolled by birch-weevil, 4055 
runcinatc, 2365 
simple, 2365 
skeletonised, 3930 
structure of, 2364, 2368 
transverse section of, 2371 
Leaf-bud, 2364 
Leaf-flea, 4302 
Leaf-hairs, 2370 
as protection from sun, 2484 
Leaf-insect, 4301 
Leaf-mosaic, 1773 , 2482 
Leaf-mould, 4050 
Leaf-spot, attacking celery, 3455 
on strawberry-leaves, 3454 
Leaf-tendrils, 2252 


Leather, British imports and exports, 
2797, 2799 

processes iu tanning, 2900-8 
Leather goods, British oversea trade in 
manufactured, 997 
Leblano, Nicholas, biography, 4801 
experiments with salt, 4110 
soda manufacture plant, 4784 
Lecky, W. B. H., biography, 4901 
Lederer, chemist, maker of non-inflam- 
mable celluloid, 3967 
Lee, W., Inventor of stocking-loom, 1002 
Leech, 4178 
horse, 4180 
medicinal, 4180 

Leeuwenhoek, A. von, biography, 1881 
Leg, radiograph of broken, 3247 
Legislation, in relation to eugenics, 4131 
in relation to health, 4311 
hki£ Aug Law 

Legume, a dry, dehiscent- fruit, 3800 
Leibnitz, G. ( biography, 4902, 4902 
Leicester sheep, 2535 
Leighton, Lord, his “ Last Watch of 
Hero,” 3466 

Leisure, for machine-minders, 3035 
Lemming, 1778, 1780 
Lemon, section of fruit, 3810 
Lemur, 178 

Lenard, Philip, experimenter with cath- 
ode rays, 3242 

Lens, casting for a telescope, 3027 
of eye, 2382, 2384 
part of telescope, 1083 
use in microscope, 970 
Lens- making, 3022 
Leonids, meteoric shower, 1022, 3303 
Leopard, 426, 432 
clouded, 434 
hunting, 435 
Leopard-moth, 1282 
Lepidodendron, source of coal, 912 
Lepidoptera, 4059 
Leprosy, caused by germs, 3505 
Les Eaux Bonnes, 3310 
Letch worth, housing methods, 1848 
Letter-bags, how automatically ex- 
changed, 1819 

Lettuce, attacked by wire-worm, 3418 
Leu, Houmanian coin, 3877 
Leucocyte, white cell, 279 
cincmntogruphcd, 1573 
function in blood, 1 186, / 18 7 
paralysed by alcohol, 2751 
Leucooytosis, in pneumonia, 2751 
Leucopenia. 2755 

Leven, Loch, source of electricity, 4096 
disaster on viaduct, 2304 
Lever, the three orders of, 89, 4321 
Leverrior, TJ., biography, 4838, 4841 
calculated position of Neptune, 3179 
Levity, Aristotle’s fallacious law, 904 
Libellulides, family of dragon-flies, 4067 
Liberal Party, 2682 
Libertarianism, 3706 
Liberty, 2083 
a British principle, 3166 
personal, relation to community, 4318 
statue at New York, 2082 
value to a people, 1847 
Library, value of free public, 2927 
Librations, of the moon, 2220 
Lichen, 161, 163 
growing on a stone, 417 
how it gets food, 415 
illustration of symbiosis, 2719 
survival value of, 4278 
Liebig, Justus von, biography, 4824, 4825 
on fermentation, 3076 
Lidge. canal centre, 2316 
Liepsig, fur market, 3149 

LIFE 

The following aro thu actual heading of the 
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The mystery of mysteries, 27 
Can men create life ? 151 
The very home of life, 277 
Why the body must die, 407 
Life reproduces itself, 531 
The mystery of sex, 659 
The unfolding of life, 789 
Creative evolution, 917 
The ascent of life, 1033 
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Life — continued 

Herbert Spencer’s gospel, 1157 
Laws of racial change, 1277 
Life’s choice of the best, 1395 
Where Darwinism halts, 1515 
Oneness of life and mind, 1037 
A new study of heredity, 1757 
Studies in heredity, 1873 
The germ-plasm theory, 1993 
The revolution of Mendel, 2117 
The big steps of change, 2237 
A great living leader, 2355 
Mcndelism up to date, 2473 
Experimental biology, 2595 
The balance of Nature, 2715 
The great cycle of life, 2835 
The universal parasite, 2957 
On the microbe's track, 3075 
Man’s most deadly enemy, 3195 
The child’s lurking foe, 3317 
Man and the mosquito, 3439 
The conquest of disease, 3557 
The conquest of pain, 3673 
Lister and modern surgery, 3795 
The doctor's revolution, 3915 
Medicine of tomorrow, 4039 
Control of life by man, 4159 
Life’s ultimate destiny, 4275 
Life, “at three levels," 1032 
born of the earth, 28 
complexity of its simplest forms, 150 
constant progress upwards, 413 
culture by man, 4162 
cycle of, 2835 
dependent on water, 951 
docs it exist on the planets ? 1382 
essential needs of, 30 
essentially female, 791 
originally vegetable, 790 
Pasteur’9 experiments for creating, 154 
problem of its source, 151, 152 
profusion of, 28 
psychical, 1517. 1002 
Spencer’s definition of, 1102 
struggle for, 2715 

symbolical sculpture by Stecchl, 4274 
thrust or go of, 921 
ultimate destiny, 4275 
upward striving of, 30 
varying duration, 531 
when it first appeared, 157 
why it must end, 407 
Lifeboat, (Ircathcad’s, 4677 
Ligament, 948 
Light, 1742 

affects plunt-growth, 2482 
artificial, best when diffused, 3714 
character determined by electrons, 202 
connection with photography, 3483 
course of rays in microscope, 970 
cure for disease, 1070 
degree of penetration in water, 4284 
effects on plants, 2604, 2605 
enemy of uiseuse, 321 
essential for higher forms of life, 4278 
* exercises pressure, 901, 1071 
form of energy, 042 
in various stars, 3057 
measurement ond self-analysis, 202 
produetion without heat, 450 
stimulant of activity, 1077 
value to health', 448 
velocity, 2102, 3017 
velocity, how discovered, 2941, 2942 
what it consists of, 043 
Light-energy, absorbed by the body, 1074 
Lighthouse, Ho achy Head, 2307 
Eddystonc, 2311 
illuminants for, 2895 
many-prismed lantern of, 2896 
wireless oil, 2053 
Lighting, artificial, 2881 
at Franeo-British Exhibition, 2884 
public, 3520 
Lightning, 388 , 1513 
action on atmosphere, 1748 
lightship, fitted with wireless, 2048 
Light-sphere, of sun, 1977 
Light-waves, how few reach our eyes, 204 
Ligias, 1574 
Lignite, 017 
carbon- weal til of, 407 
resources in Austria-Hungary, 742 
value as fuel, 234 
where found, 407 
LUae, its inflorescence, 3687 
Lilienthal, Otto, on his glider, 1320 
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Lily, bud magnified, 973 
section of Its bulbs, 2133 
tiger, pollen grains of, 3691 
tiger, stamen of, 3682 
Lily-of-the-valley, its roots, 1646 
retardation by freezing, 1287, 1289 
Limax, 1574 
Limbi, of man, 822 
Lime, amount in earth’s crust, 272 
carbonate of, used in glass-making, 3024 
formed on seaweed, 4290 
in water, 2470 

supplied to soil by leaves. 1173 
value as manure, 920, 928 
Lime-tree, 4171 
fruit of, 3804 
length of life, 4172 
when brought to Britain, 4109 
Limestone, carboniferous, 784 
formed from shells, 100, 403, 2788 
nummulitic, 783 
permeability, 2465 
subject to erosion, 8436 
used for road-paving, 2429 
value in soil, 288 
why dissolved by rain, 2830 
Lime-water, its effect in diet, 1135 
Limpet, 3820, 3824 
Limpopo River, 2352 
Lind, Dr. James, pioneer in hygiene, 3285 
Linde, researches in liquid air, 1918 
Line-fishing, 1102 

Linen, British imports and exports, 2079 
how manufactured, 337-355 
used in ancient Egypt, 337 
Ling, flsii, 3580 
number of its eggs, 3458 
Linnaeus, biography, 4859 486 1 
Linnet, 2490, 2498 
Linoleum, imports and exports, 2804 
Linotype, 2063, 2000 
Linsang, 2142 

Linseed-eake, source of manure, 070 
“ Lion,” 578 

Lion, 46, 424 , 425, 428, 429, 432 
African's, eye-ground, 1161 
flashlight photograph of, 3486 
Lippman, Gabriel C., biography, 4825 
inventor in colour-photography, 2170 
Liquid, how its molecules behave, 1025 
Liquid air, how experiments with it 
i became possible, 450 
Liquorice-root, pile at Aleppo, 3867 
Lister, Lord, biography, 3794 
his revolution of surgery, 3795 
work on inflammation, 1187 
Lithium, lighter than water, 649 
Littoral zone, deposits in, 1868 
Littorina rudis, 3824 
Liver, 1544, 1546 
action in digestion, 1422 
action oil file blood, 1184 
how affected by alcohol, 2514 
Liverpool, scene at docks, 998 
Liverwort, 2482 

Livingstone, David, biography, 4763, 4764 
birthplace, 2567 
death, 4754 
memorial, 4765 
scenes on travels, 4767 
Lizard, 3094 
ngama, 3215 
Arizona, 3220 
Bland ford’s, 3914 
hluc-tongued, 3215 
chauuulcon, 3214 
changeable, 32 U 
common, 3212 
eyed, 3212 
frilled, 3210, 3217 
moloch, 3210 
monitor, 3220 
naked-toed, 3216 
poisonous, 3220, 3220 
sand, 3212 
scale-footed, 3218 
structure and habits, 3213 
stump-tailed, 3221 
teju, 322 L 
viviparous, 3212 
wall, 3212 
Llama, 934 
Llanos, 3548, 3550 
Loaeb, 3699 

Loam, in forest areas, 4050 
how to make it fertile, 290 
value as soil, 167 


Lobes, of the brain, 2017 
Lobster, 3823 , 3824, 4177 
Local authorities, own property. 3038 
palliate trade depression, 2809 
Local debts, in United Kingdom, 3039 
Local government, 3044 
Local Government Board, office in White- 
hall, 3042 

Looh, R. H., on the Shirley poppies, 
2239 

Looh Olair, 3069 
Looh Lomond, 223X 
Looh Mohr, 2229 

Looke, John, biography, 4902, 4903 
doctrine of uniate ideas, 2870 
Locks, 1945 

on Bandak Nordsjo Canal, 2317 
on Panama Canal, 1947 
on Welland Canal, 2317 
Loekyer, Sir N. t biography, 1259, 4842 
discovered helium, 200 
his meteoric theory of origin of planets, 
1144, 1257 
on stars, 519 

Loekyer, Dr. W. J. S., his forecasts of 
weather, 3362 

Locomotion, through the air, 30 1 4 
various kinds in animals, 691 
Locomotive, American, facing 1463 
British exports of, 2670 
driven by compressed air, 2646 
petrol-electric, 1077, 1679 
Puffing Billy, 3606 
raw materials of, 3399 
steam, in section, 1438 
turbine-electric, 1676 
Locusts, 4301 

Lodge, Sir Oliver, biography, 4827, 4828 
application of electricity to crops, 1287 
Lodging-house, scene in a common, 
2560 

Loeb, Prof. Jacques, biography, 48G3 
experiments in biology, 2595 
Lofoten Islands, 3189 
their equable temperature, 3190 
Loftsmen, at work on scricve-board, 3503 
workers in shipbuilding yard, 3508 
Log, cause of a wreck, 2.%90 
floating down a river, 2662 
Logan, Mount, 3310 
Loganberry, 1531 
new creation in plant life, 1404 
self-layering plant, 1171 
Log-raft, 2660 

Lombroso, bis theory of genius, 4189 
writer on criminology, 3520 
Lomond, Loch, 2231 
London, basin of, 2467 
bill on, explained, 4121 
clearing-house for foreign banking, 4123 
fur market, 3149 
milk-supply, 3258 
money-market of world, 4121 
natural water-bed, 738 
postal service, 1820 
scene at docks, 995 
water-supply, 724 
London Bridge, 3375 
Long Island, its wireless station. 3718 
Longevity, natural character, 3953 
Long-sightedness, 2387 
Long’s Peak, 3309 
Loom, in silk industry, 3748 
Jacquard, 353 
Louis XIV., liis watch, 3727 
Louse, apple-root, 3570 
“ Love Among the Ruins,” 2930 
Love, based on instinct, 3340 
•* Dinner of Herbs,” 3175 
importance in biology, 1040 
influence on marriage, 3050 
in relation to eugenics, 128, 2930 
41 Many waters cannot quench,” 3053 
” Maternal,” 3412 
maternal, an exalted emotion, 3472 
restriction, 3052 
single absorbing aim, 308 
“ The Conqueror," by fiyam Shaw, 364 
theories of, Ellen Key’s, 3171 
transcending Influence, 369 
Lowberry, creation in plant life, 1404 
self-layering plant, 1171 
Lowe, Mt M California, its railway, 4213 
Lowell, Percival, biography, 14, 17, 4842 
on meteoric hypothesis, 1258 
Lowestoft, Ashing industry, 1099 
sea-erosion at, 211 3 
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Lucerne, increasing cultivation of, 671 
length of wed-life, 2003 
why grain is sown with, 799 
Luecrne, Lake, 2226 
Luoretius, biography, 1035 
his theory of evolution of life, 1034 
Lugano, Lake, 2226 
Lugworm, 4178, 4179 
Lumber, industry, 2669 
Lumber-flume, 2664 
Lumifere, colour-photBgraphy, 3497 
Lunaey ; see Insanity 
Lungfllh, 294, 3457 
Lungs, 1302 
proper care of, 1554 
structure and use, 1305 
Lupin, downy bud, 2365 
hairy stem. 23 70 
pods closed and open, 3807 
Lupus, disease and its cure, 1073 
Luray, Cavern of, 3913 
Lurcher, 1054 

Luxuries, do not help trade, 3758 
Lychnis flosoueuli, seed capsules open and 
dosed, 2970 

Lyddite, its use in shells, 577 
Lyeli, Sir Charles, biography, 4610 , 4610 
suggested evolution from geological 
evidence, 516, 1157 
Lyme-grass, as coast protection, 2114 
Lyme Regis, its famous landslip, 2832 
Lymphocytes, 1186 
Lyncodon, 1296 
Lynx, 434, 435 
Lyonesse, 2113 

Lyra, annular nebula in, 4143 
Beta, variable star, 3781 
star Epsilon, 3902, 3903 
Lyre-bird, 2978 , 2980 
Lyrids, meteoric shower, 3303 
LyBimachia, 2606 
Lyskamm Glacier, 3072 

M 

Macadam, John, 2418, 2422 
biography, 48<#S 

McAldowie, Dr., discoverer of prehistoric 
time-recorders, 3722 
Macaroni, 3119 

14 Macbeth,” sleep-walking scene. 4074 
McCourt, C. D., inventor of boiler, 3601 
McDonough, J. W., experimenter in 
colour- photography, 3496 
Macdougal, Prof., American biologist, 
1974 

experimenters in biology, 2600 
experiments in mutation theory, 2240 
McDougall, Wm., biography, 2877 
on association of ideas, 2990 
on instinct, 3344 

Macedonia, tobacco industry, 3859 
Machiavelli, biography, 4908, 4907 
Machine, automatic, 839 , 842 
boot making, 2800 
giant. 837 
one that walks, 77 
screw-making, 838 , 839 
Machinery, British exports and imports, 
2674, 2676 

British oversea trade in. 997 
commerce in electrical, 2676-7 
effect on division of labour, 3395 
effect on social life, 850 
effect on wealth, 3035, 3275 
revolutionised the boot industry, 2900 
use in shipbuilding, 3511 
world-effects of. 75 

Macintosh, Charles, invented the water- 
proof. 1222 
Mackenzie River, 2354 
Maokensie, Sir George, his theory of 
geyser action, 4028 
Mackerel, 1101 , 1103 , 3578 
Mackerel-flshing, 1108 
Macrosporium solani, producing potato 
disease, 3328 

Madagascar, trade in 10 years, 1350 
Madrepore, species of marble, 786 
Madrid, bomb outrage in 1906, 3492 

Maelstrom, 1991 

Maeterlinek, his study of the atom, 4280 
Magellan, biography, 1933, 4766, 4708 
Magendie, Francois, biography, 4864 
Magenta, discovery of the dye. 2168 
Magio, in primitive religion, 1126, 1605 
Magnesia, used in glasH-inaking, 3026* 


Magnesium, its salts a fond of planfs, 417 
carbonate, percentage in water, 1752 
Magnet, use in generating power, 710 
Magnetie-chuok, employed in motor- 
works, 4347 , 4348 
Magnetism, form of energy, 642 
in relation to auroras 2704 
Magnifying-glass, its discoveries, 1881 
Magpie, 2494 
Mail-coach, 1819 , 1820 
Mails, 1817 

Mail-train, scenes on, 1825 
44 Maine,” U.S.A. battleship, cause of its 
explosion, 2412 
Maize, 3119 

British imporis of, 2437 
Empire’s growth in production, 491 
Empire’s output, 490 
increasing cultivation in England, 671 
length of seed-life, 2003 
value as a food, 3119 
Maize-field, in Ontario, 1046 
Maize-meal, British imports of, 2437 
Majolioa ware, 982 
Make-up, of a newspaper, 2064 , 2067 
Malaria, 69, 2154 
at isthmus of Panama, 232 
cause, 316 

caused the fall of Greece, 631 
discovery of its parasite, 3439 
head of mosquito causing, 3438 
lifc-cyelc of parasite, 2956 
prevalent in India, 3446 
racial poison, 3773 

Malay States, rubber industry, 1228-33 
Maidive Islands, 3668 
Males, more born than females, 495, 1014 
organised for self-preservation, 602 
Mallard, 2499 , 2739 , 2741 
Malleability, of metals, 619 
Malleus, bone in the car, 2502 
Mallow, fruit, 3800 
seed, 3807 

pollen grains falling, 2594 
Malnutrition, cause of rickets, 1135 
cause of tuberculosis, 125 L 
Malpighi, Marcello, discoverer of capil- 
laries, 1066 

Malpighian corpuscles, 2626 
Maltese fever, micrococci of, 3565 
Malthus, biography, 4908 
his essay oil Population, 1278 
Mammals, egg-laying, 50 
in the sea, 2255 
pouched, 2007 
Mammoth, 8 1 L 
communal war on, 1123 
when it lived in Europe. 402 
Mammoth Cave, Kentucky, 3908 - 11 , 3910 

MAN 

Thn following am the* actual liPA«llng« of ihe 
chapter* in this group in their cotinecutlve onler 
through the first six volumes of this work. The 
subjects are also dealt with in their proper places 
in the index. 

The master of the earth, 57 
The search for an ancestor, 183 
The man in the tree- tops, 307 
The primitive peoples, 137 
The dominant peoples, 559 
Man madu for the universe, 689 
Man and Ids systems, 821 
Man’s thews and sinews, 941 
Our irrigation system, 1001 
The pulsing stream of life, 1 183 
The respiratory system, 1303 
The alimentary system, 142L 
Internal laboratories, 1543 
Man’s essential life, 1661 
Mail’s complex nerves, 1785 
The supreme organ of life, 1897 
What brain-study shows, 2017 
Mind the essence of man, 2145 
The beginnings of mind, 2265 
The eye and vision, 2383 
The wonders of tin; ear, 2501 
Man’s lesser senses, 2623 
Some of the inner senses, 2743 
The senses and the soul, 2865 
The beginning of thought, 2985 
Memory and attention, 3107 
intelligence and speech, 3223 
Instinct and emotion, 3343 
The elements of emotion, 3467 
Processes of the mind, 3583 
Will and self-control, 3703 
Inmost self of man, 3825 


Man— continued 

A wireless world of mind, 3915 
A survey of hypnotism, 4069 
The greatest men of all, 4189 
Our personal destiny, 4303 
Man, antiquity of, 311, 1121 
biological evidence of ids ancestry, 184 
blood resemblance to apes, 184 
brain compared with that of lower 
animals, 184 

compared with gorilla, 309 
controller of life, 4159 
earliest known remains, 186 
gregarious, 241 
helplessness, 64, 65 
hunter, 752 

muscular system, 940 , 941 
natural advantages over woman, 751 
place in animal kingdom, 690 
primitive, 308, 310 
“ probably arboreal,” 306 , 307 
psychical side, 689, 3583 
races mixed, 559 
rebel against Nature, 113 
relation to the apes, 183, 184 
skeleton, 820 
survivor of lee Age, 187 
value of his brain, 60 
where he first lived, 188 
wiiy erect, 58, 59 
Manacle Point, 2 115 
Manati, 2256, 2261 

Manby, A., built, first, iron steamer, 3502 
Manchester, Ship Canal, 2319 
town hall of, 2922 
Manchuria, falconry in, 2853 
Mandalay, canal scenes, 1702 , 1703 
Mandrill, 177 

Manganese, Britain’s supplies, 2559 
dioxide, used in matches, 910 
Mangold, how improved by crossing, 1406 
length of seed-life, 2003 
Mangrove swamp, 2235 
Manhattan, bridge, 3386-3391 
Mania, blue-light treatment, 1072 
Mannikin, 2978 
Manor, system, 1813 
Manson, Sir P., biography, 4865. 4865 
discovered disease-carrying of mos- 
quito, 3442 

pioneer in fighting tropical disease, 1440 
work on parasitism, 2962 
Mantidoe, 4301 
Mantis, praying, 4301 
Manufacture, speed in, 3003 
Manufacturers, relation to nobility, 2808 
Manufactures, British. 2797 
British trade in. 2673 
dependent on native coal, 2073 
exports to Colonies, 1116 
imported by all nations, 2920 
Manure, British exports, 2798 
ingredients necessary for, 926 
necessity for importing, 2553 
obtained from slag, 223, 1440 
value in vegetable gardening, 1290 
value to soil, 925 
Maoris, 440 

washing in hot-spring, 2469 
Maple-tree, 3924 
leaf, 2367 
length of life, 4172 
survival value, 4049 
when introduced into Britain, 4169 
winged seeds, 2844 
Mara, 1780 
Marabou stork, 2738 
Maragopipe, coffec-plant, 3622 
Maraicher, 1290 

Marathon, battle of, influence on Europe, 
879 

Marble, dissolved by rain, 2830 
how formed, 783, 2788 
how shaped, 2795 
quarries, 785 , 2792 
sawing, 2793 

sources of Britain’s supplies, 2559 
use in building, 786, 4268 
why variously coloured, 786 
Marconi, G,. biography, 2034 , 4921, 4923 
communication chart, 2050 
work on wireless, 2033 
Mare serenitatis, lunar sea, 2225 
Marestail, section of stem, 2252 
Margarine, cheap and valuable food, 3358 
Maria, seas on tne moon, 2225, 2340 
1 Marigold, inflorescence, 3687 
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Marine-engines, making, 3504 
Maiielen See, formed by Aletsch Glacier, 
2227, 2228 

Mark, German coin, 3877 
Market, Covent Garden, 2170 t 2185 
money, 8999 
Market-gardening, 2177 
developed by canals, 2314 
more difficult than producing, 871 
Markfield, source of granite, 2780 
Markham, Sic A. H„ biography, 4769 
Markings, on trees, 1169 
Marl, 167 
Marmalade, 3813 
Marmoset, 178 
Marmot, 1057 , 1659 
in fur industry, 3148 
Marriage, 667 

affected by food-supply. 368 

among Australian aborigines, 242 

among primitive peoples, 365 

by purchase, 370 

by the Insane, 3651 

effects of the modern late, 503 

influences affecting, 3050 

not synonymous with parenthood, 3054 

position in eugenics, 251 

problems in civilised countries, 625 


prohibited degrees of. 3051 
reform on biological lines, f 


,3416 

restrictions on, 3172 
risks in delaying, 3409 
social customs affecting, 3050 
Marrow, forms red cells of blood, 1184 
Mars, the planet. 8 , 13, 15 , 16 , 2817 
changes in Its size, 2818 
density, 1258 

distance from the sun, 2817 
drawing “ in opposition," 2821 
no atmosphere, 1381 
orbit, 2819 

Prof. Pickering on the “ canals," 2820 
theories as to life on, 14 
“ Marseillaise,” It. de Lisle singing, 4007 
Marsh, among mountains, 2234 , 3314 
how caused, 2234 
not harmful to man, 3441 
Marshbuek, 1532 , 1535 
Marsh-gas, in a coal-mine, 479 
Marsh-plants, seed-dispersal, 2071 
Marsupial, 2007, 2006-15 
degenerate mammal, 200 
Marten, 1206 
in fur industry, 3145 
Martin. 2404 

Martiniaue, its volcano, Mt. Pelie, 4151 
Martyr, a criminal of his day, 3525 
Marx. Karl, biography, 2328 , 4805 
his teaching. 2324 

Masham, Lord, biography, 2538,4806,4507 
founder of the plush industry, 450 . 
Mason-bee, its tonnuo magnified, 972 
Mason-wasp, its behaviour, 3340 
Maspero, Gaston, biography, 4771 
Mass, definition of, 773 
Massage, value for muscles, 047, 1012 
Mastieation, its Importance, 3237, 3480 
Mastiff, 1054 
Mastodon, 402 
Matoh, its constituents, 010 
“ Matoh, The Last," 2272 
Materialism, 642, 2265, 3825 
Maternity. State provision for. 3413 
Mathematios, the accurate science, 046 
Matrix, 2060 

Matter, as fonn of electricity, 402, 1274 
contrasted with mind, 041 
electrotonic theory, 1274 
no longer opposite of energy, 642 
universality of, 130 
Matterhorn, 3073 , 3307, 3430 
mist-like clouds on, 2831 
Matthews, Dr. F. E., discovered synthetic 
rubber, 2803 

Matthews, Grinded, biography, 4923, 4925 
invontor of aerophone, 710 
Maturing, different from ripening, 1172 
Mauna Lot, volcano in Hawaii, 4153 
Mandit, Mont. 2944 
Mandalay, Henry, biography, 4024 
“ Mauretania." Its double bottom, 3510 
its launch, 3513 
on the stocks, 3498 
receiving finishing touches, 3513 
receiving its boilers, 3515 
stem view, 3514 
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Mauritius, trade in 20 years, 1350 
Maury. Commodore, student of storms 
and weather, 3300 
Maxim. Hudson. 2402 
Maxim, Sir Hiram, biography, 4027, 4927 
Maxwell, J. Clerk, biography, 4828, 4829 
description of colour-photography, 3496 
discovered electric waves, 211 
Mayer, Prof. A. M„ experiment with mag- 
netised needles, 1207 
Mayon. a volcano, 2832 
Maypole, dancing round, 2205 
Mazama, 1419 

Mazzini, Joseph, biography, 4900 
Mead, Dr. Rionard, on public health, 3285 
Meadow-saffron, poisonous leaves, 2724 
Meal, when to take one, 3237 
Measles, cause of tuberculosis, 1251 
contributory to disease in ears, 3717 
Meat, British oversea trade in, 007 
compared with bread, 3115 
consumption in United Kingdom, 2438 
food-value, 3353 
landing frozen, 3122 
when avoided, 3355 
Medioal inspection, in schools, 1251 
Medioine, British imports and exports, 
2708 

future developments of, 4039 
history of, 3284 
value to health. 2020 

Medioine-man, 1727 
Mediterranean Sea, 1867 
lowered by evaporation, 1088 
Medulla oblongata,.] 808, 1896 , 1902 , 1903 
Medullary rays, 2252, 2365 
Medullary sheath, 2244 
Medusa, asteroid nearest the sun, 2822 
Medusae, 204, 304 , 305 , 1576 , 3816 
Meerkat, 2134 
Megalomania, 3471 
Megapodes, 2082 

Megascolez gippslandicus, giant earth- 
wonn, 4179 

Meiggs, Henry, railway engineer, 4205 
Meikle, A., inventor of a windmill, 2518 
Meissen, its porcelain industry, 082 
Meissonier, delineator of horses, 1550 
Melancholia, 3471 
its causes, 2745 

Melanism, in heredity, 1763, 1765 
Melbourne, shipping wheat at, 4163 
Melinite, 2414 

Melon, canker disease of, 3450 

Melon-cactus, 2488 

Melotte, M., discovered one of Jupiter’s 
nuxms, 204 L 

Melozzo de Forli, picture by, 3194 
Melting-point, how pressure affects it, 144 
Memory, 2866 

relation with association, 2001 
visual and auditive, 3227 
Mendel, Abbot, Gregor Johann, bio- 
graphy. 78, 2116 , 2117, 4866 
teaching in heredity, 667 
wonderful workings of his law, 1406 
work, 2117 

Mendeleef, Dmitri, biography, 528 , 4830 
arranged elements according to atomic 
weight, 528 
opinion on ether, 643 
Mendelian factors, 1164 
Mendelism, 78, 1870, 2117 
application to race-study, 500 
applied to eugenic research. 2340, 2600 
explanatory diagrams, 2121 , 2124 
general recognition by eugenists, 3204 
recent American tests, 2473 
revolutionised biology, 706 
Meninges, membranes of brain, 1004 
Meningitis, 1004 
how caused, 2503 
Menopomas, 3338 
Mercantile marine, 1475 
Mercantile theory, 3033. 4237 
Merchant, his position in commerce, 871 
Mercury, a liquid metal, 657 
characteristics, 657 
density, 1258 

flxhig^powcr on iodised silver plates, 

fulminate of, 2404, 2411 

melting-point, 649 

solidifying point, 657 

.source of Britain’s supplies, 2559 

used in gold production, 861 I 

value as a drug, 2030 I 


Mercury, planet, 2577 
as seen from earth, 2579 
markings, 2580 
varying phases. 2582 


Merlin, 2855 
Mermaid, 1514 
Merostomata, 3824 
M*rn, Mount, 3305, 

Merwede Canal, 23(4 
Mesites, 2733 
Mesmerism, 4069 

Mesoearp, of wheat-grain, 2004-5,2128 
Mesopotamia, excavations in, 3077 
Mesozoio Era, distribution of land and 
sea in, I860 

fossils and place, 396, 398 
vegetation, 401 

Messina, after the earthquake, 4157 
Metabolism, 2838 

Metal, grading for road-making, 2790 
Metal-cntting, machines for, 838, 842 
Metals, alkali, 779-787 
British imports and exports, 2673 
British oversea trade in manufactured, 
097 


definition of, 640 
landmarks of progress, 649 
principal, 650 

sources of Britain’s supplies, 2550 
world’s production. 358 
Metayer, system of land tenure, 3517 
Metchnikoff, E., biography, 68, 126 , 4868 
discoverer of alcohol’s effect on white 
cells, 2751 

sour-inilk theory, 3480 
student of immunity from disease, 4044 
studies of blood of man and ape, 184 
Meteor, 3207 
how high seen, 1385 
part of solar system, 1021 
source of diamonds, 913 
Meteoric hypothesis, 1257 
Meteorite, 404 

adds dust to the atmosphere, 1511, 2709 
attracted into the sun, t859 
composition, 3301 
crystalline formation, 1265 
formed crater in Arizona, 1260 
elliptical orbit, 1264 
found in British Isles, 3200 
geological analysis, 1257 
how originally formed, 1257 
normal temperature, 1258 
Willamette, 3301 
Meteorograph. 3373 

Meteorological Office, its daily work, 3366 
Meteorology, 3301 
Methyl, 2509 
Methyl-alcohol, 2660 
Mexico, affected by Panama Canal, 2200 
Britfsh investments in, 1000 
government in, 1 484 
increase of exports in 10 years, 2021 
trade progress in 20 years, 1357 
trade with United Kingdom, 1241 
Miastor melroloas, gall midge, 4297 
Mica, 2770 

sources of Britain’s supplies, 2559 
Mica-schist, subject to erosion, 3436 
Michael Sars, 1864 

Michelson, Professor, inventor of inter- 
ferometer, 206 
Michigan, Lake, 2228 
ice-strewn, 2955 
Miorobes, 68 

capacity for reproduction, 532 
cincmatograpHed, 1567, 1569, 1573 
definite causes of disease, 3078 
degraded plants, 157 
entering a wound, 1182 
essential for decomposition, 423 
examining a culture, 3077 
friendly to man, 3070 
harboured by adenoid, 1252 
in the bowel, 3482 
live, though frozen, 951 
prevalent in milk, 2994 
purify the soil, 20 
reproduction by splitting, 533 
sour-milk, 2718 

unceasing struggle with man, 2717 • 

varying virulence, 3080 
hi jClso Bacteria 


Microoooous melitensis, 3564 
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Microgaster glomeratus, 4205 
Micron, umt in measuring, 2957 
Microphone, Hughes’s, 2036 
use in telephony. 714 
Mioropyle, 2002 
Microccope, 059 

diagram, with parts named, 960 
its limitations, 206, 2057 
path of light through it, 958 
revealing power, 133 
value in botany, 1M1 
value in science, 139 

Middle diasses, their fight for power, 
2805 

Middlesbro*, transporter bridge at, 3381 
Midge, 4297 
British wheat, 4296 
Midwives, Act relating to, 3288 
Miers, Sir H. A., biography, 4612 , 4612 
Mignonette, why sweet-scented, 3080 
Migraine, 2694 

Mikado, his divine capacity, 1603 , 1607 
Milan, Its marble cathedral, 4268 
Mildew, apple-tree, 3567 
disease of gooseberry, 3453, 3454 
fungi attacking wheat, 3331 
Milford Sound, New Zealand, woodland 
scene near, 4053 

Militarism, in modem times, 2681 
Milk, as a food, 2003 
constituents analysed, 2907 
essential for all children, 1134 
infection by microbes, 2995 
in fever, 2753 
Mctchnikoff on sour, 3480 
paper bottles for, 3264 
percentage of tuberculous, 3196 
souring microbe, 3076 
steam steriliser, 2992 
supply by municipality, 2928 
testing laboratory, 3201 
trade in, 3255 

Milking, by machinery, 3258 , 3260 
Milk-supply, public mamigeineut, 3521 
Milky Way, 1619, 4257, 4259 
is it in motion ? 898 
Prof. Bickert oil’s theory, 1501 
Mill, John Stuart, biography, 1973 
his definition of capital, 3279 
on migration of capital, 41 15 
Millais, Sir John, his picture " Speak, 
speak ! ” 3952 

Miller, Hugh, biography, 4612, 4613 
Milling, cloth, 2550 
in woollen factory, 2544 
Milling-cutter, 842 

Millions, feed on mosquito larvie, 3414 
Millipede, 4177, 4186 , 4187 
Millstone, commerce in, 2777 
Millstone grit, anticline near Tenby, 3436 
Milne, John, biography, 4614 
Milreis, Portuguese coin, 3877 
Milton, John, biography, 4912 
dictating to ills daughters, 887 , 4900 
his house, Barbican, 2566 
Mimas, satellite of Saturn, 3063 
Mimicry, in buttcrilics and moths, 4066 
in plants, 2728 

man’s great capacity for, 114 
protective in sca-snails, 1285 
Mimosa, 2608 
its sensitiveness, 2605 
Mind, 2145. 2265 
applicability of, 65 
care of its health, 3833 
contrasted with matter, 641 
controlling the universe, 769 
how it is ever changing, 2867 
hygiene of the, 2740 
in lowest formB of life,4516 
in relat ion to soul, 2270 
influence over the body, 193 
is it result of special creation ? 1157 
motive force or life, 1637 
origin in germ-cell, 1158 
processes of, 3583 
reality of, 641 
subconscious, 3951 
value of originality in it, 118 * 
varying in different races, 438 
Mines, value in United Kingdom, 3040 
coal, 464-83 
salt, 4102, 4103-11 
■' stone, 2788 

submarine, 2403 , 2404 , 2405 
Minerals, in the ocean, 1870 
Miners, their political influence, 2682 


Minimum man, in the State, 2809 
Mink, 1295 
in fur industry, 3145 
Mint, manufacture of coins at, 3994 
Mira, variablo star, 3662, 3778, 3779 
Mirabeau Bridge, over the Seine, 3378 
Miraflores, 1945 
Mirror, distorted by heat, 1082 
invention of gloss, 3022 
Misery, duo to sense of ill-being, 2745 
Missel-thrush. 2492 , 2496 
Mississippi River, 2354, 2587 
alteration of course. 2350 
delta of, 2593 
floods of, 2351, 2351 
Missouri River, 2354 


1st, 522, 151 1, 2707 

istletoe. 


Mistletoe, on an applc-trcc, 4 16 

S a parasitic plant, 2960 
cold wind, 1629, 3189 
rought south by, 3185 
Mitchell, Chalmers, biography, 4870 
Mites, 4177, 4186 
scarlet, 4185 

Mizar, binary star, 3900, 3902 
Mitral valve of heart., 1062 
Mivart, St. George, biography, 4870 
Mob, effect on the individual, 115 
Mocking-bird, 2976 , 2978 
Moflatt, railway over Rockies, 4214 
Mohair, being sorted, 2541 
Mohl, of TUbingen, 1882 
Monism, 647 

Moisture, how it behaves in soil, 801 
how it makes a seed grow, 2003 

Mojen, Dr. Alfred, 3295 
on alcoholic liquors, 3296, 3890 
Molasses, 4231 
Mole, 1176 

as cultivator of the soil, 803 
golden, 1181 

liairy-tailed, 1178 • 

hand or fore-foot, 688 
pouched, 2015 
star-nosed, 1178 
Mole-cricket, 4299 
claw, magnified, 969 
foot, magnified, 968 
Molecules, activity, 134, 1025, 3016 
formed by conjunction of atoms, 528 
Mole-hill, inside and outside, 1174 
Mole-rat, 2141 

Molluscs, existed in Primary era, 308 
fossils found in Cambrian strata, 398 
Moloch. 3216, 3217 

Molybdenium, an clement, used as electric- 
lamp filament, 525 
Momentum, law of, 905 
Monal, 2983 

Mond, L., his anunouia-soda process, 4110 
Mond gas, 1440, 1443 
distributing station, 3849 
gas-plant, 3849 

Money, as medium of exchange, 3033 
not synonymous with wealth, 3875 
quantity theory of, 3878 
when cheap anti when dear, 3999 
Moneylending, in retail trade, 3886 
Mongol, first settler in America, 310 
Mongolian idiots, 2452 
Monitor, 3220 

Monk, General, declaring for a free 
Parliament, 3162 
Monkey, American, 176 
capacity of its brains, 180 • 

hanmnan, 176 
Old World, 169 
Monk-fish, 3462 
Monkshood, 2722 
flower showing nectaries, 3089 
poisonous leaves, 2724 
Monoceros, 4257, 4259 
Monocotyledon, arrangement of vascu- 
lar bundles, 2362, 2366 
Monogamy, advantageous to society, 626 
customary among lowest savages, 368 
for the sake of the race, 3174 
Monoplane, 1310 
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Monopoly, ideal, 3763 
in industries, 3519 
Mono-rail, 88, 1678 
Monotremes, 2007 
Monozenia, 1754 
Monsoon, 1629 . 2299 
effects on India, 1696, 3189, 3372 
Mont Blano, 3306 


Mont Cenis Tunnel 1207 
Montagu, Lady Mary W„ 3920 
introduced inoculation, 3016 
Monte Rosa, 3306 

Monte Salviano. its ancient tunnel, 119 
Montesquieu. Charles, biography, 4014 
Montessori, Mme., biography. 4804 , 48( 
Montpellier, tobacco plantat ion at, 3861 
Moon, facing 2217 , 2219 , 2221 
bed of an ocean on, 1381 
bright rays on, 2342 
craters on, 2224, 2337 
density, 1258, 2218 
diameter and shape, 2218 
distance from earth, 21, 2218 
early time* recorder, 3719 
eclipse of, 2457 
gravity, 2218 
illumination, 2222 
is any life on ? 12 
length of its shadow, 2458 
maria, or seas, on, 2225, 2340 
no atmosphere, 2222 
no effect on weather, 3363 
phases and motion, 2217 
problems of, 2217 
rills on, 2225 

separation from earth, 21, 267 
South Polar region, 2341 
tidal force, 1988, 1991 
will it. return to the earth ? 1 141 
Moons, of planets, 1021 
Moore, his vacuum lighting, 2893 
Moore, Thomas, his birthplace, 2567 
Moose, 1413 , 1418 
Moraine, 3065, 3067 , 3069 
effect, on loch, 2229 
median, 3072 
sinuous, 3069 
terminal, 3067 

Morality, a law in Nature, 1401 
improved by democracy, 2686 
its standard in society, 117 

Morbidity, 192 

More, Sir Thomas, biography, 4900 , 401 
Morehouse, his comet, 3426 , 3421 
Morgat, grotto at, 3912 
Morocco, trade with United Kingdom 
1240, 1241 
Morpheus, 1190 

Morphia, drug that relieves pain, 3674 
Morphine, its medicinal value, 2029 
Morse, Samuel F., biography, 4930, 493 
Mortgage, in credit system, 3882 

Moses, Springs of, 2467 
Mosquito, 4297 

anopheles causing malaria, 3438 
at Panama, 1940 
breed ing-placo of, 3447 
houses protected against, 3446 
how it infects man with malaria, 3442 
life-history of, 3445 
malaria parasite, 69, 2956 , 3441 
yellow-fever, 69 
Moss, 163, 2484 
how it gets food, 415 
Mosso, A., student of fatigue, 1195 
1795 

Moss-spores, 2845 
Moth, 4059 

antenmn, magnified, 972 

buff-tip, eggs, 4063 

codling, apple post, 3567, 3568 , 4295 

death's head, 4066 , 4067 

eggs, magnified, 972 , 4063 

eyed hawk-larva, 4067 

goat, larva, chrysalis and imago, 4058 

gypsy, 4055, 4294 

hawk, 4061 

lackey, its caterpillars, 3573 
leopard, 1282, 4065 
limited vision, 3091 
nun, 4055 

pale tussock, caterpillars, 4064 
pcach-blossoin, egg, 4063 
pollen distributor, 3086 
puss, 4062 
puss larva, 4067 
scorch-wing, eggs, 4063 
silk, 3737 
tiger, 4061, 4067 
vapourer, on eggs, 4061 
winter, captured on grease-band, 3569 
yellow-line Quaker, eggs, 4063 
wing’s edge, magnified, 4060 
Mother, “ expectant,” 889 
rights of a, 889 
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“ Mother’s Voice, Her,” 2864 
Motherhood, affected by alcohol, 4003 
its duties should be taught, 1010 
its low standard in Home, 035 
Mine, le Brim's picture, facing 641 
Motion, as form of energy, 042, 899 
dependent on gravitation, 772 
Newton's Laws, 899 
universal, 807 

Motors, British oversea trade in, 907 
Gnome, how made, 845 , 1827 
Motor-boat, 3011 
Motor-car, construction, 4338 
diagrams of parts, 86 
future of, 1677. 4358 
influence on road-making, 2422 
racing type, 3013 
United .States exports of, 2078 
wireless installation on, 2044 
with express train. 3009 
Motor-liner, its future, 1928 
Motor-memory, centre of brain for 3228 
Motor-plongh, 808 
Mottingham, playing-fields at, 1906 
Mouflon, Armenian, 1U50 
Mould, vegetable, 3326 
Mould-lott, at a shipbuilder's, 3508 
Moulds, 3209 , 3325 
their universality, 3325 
Moulin, 3066 
Mount Wilson, 1080 
solar observatory, 1079 
Mountain, 3428 
alters shape, 3436 
causes rain, 3312 
condenser and storcr of rain, 23 15 
features, 3429 
feeds rivers, 3314. 
lunar, 2340 
Maudit, 2944 
nature of air round, 1510 
radiator of heat, 3187 
Jtuskin on, 3305 
Scottish, 3432 , 3432 
tiny projection on globe, 270 
transmigration of, 3431 
when modern ranges were formed, 402 
why barren, 285 

why rain is prevalent among, 2825 
with cloud, 2346 
worn down by rivers. 3315 
Mountaineering, qualities it develops, 
3305 

Mount’s Bay, submerged forest, 2111 
Mountsorrel, source of granite, 2780 
Mouse, pest., 2135 
Brandt’s, 2141 
fat- tailed, 2141 
Held, 2141 
house, 2141 
jumping, 2140 
pouched, 2014 


sea 4178 
spring, 2141 

Mousterians, 1121 

Mouth, eutry for disease bacilli, 3592 
policy of keeping it shut, 571 
structure for aliment at iou, 1423 
Mucor mucedo, 3325, 3327 
Mud, cracked by sun's heat, 273 
devastating flood of, 2830 
in the ocean, 1868 
Mud-eel, 3340 , 3341 
Mud-wasp, 3351 
Mulberry-tree, 3740 , 3741 
food of silkworms, 3737 
fruit, 3804 , 3807 

when introduced into Britain, 4169 
Mule, 1059 

animal created by man, 933 
Mule-track, Sorrento, 2420 
Muller, a grinding-stone, 754 
Muller, Johannes, biography, 4871 
his law on sensations, 2026 
Mullet, 3578 
red, 3578 

Mulready, William, his picture, " Seven 
Ages of Man," 3955 

Mungo, in wool manufacture, 1834, 
2544 

Mongoose, 2142 
banded, 2134 

domesticated by man, 034 
Muntiao, 1416, 1417 
Mnnena, 370 1 
Murchison Mts., 2354 
Murchison, Sir R n biography, 4615 
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Murdock, William, biography, 4932 
experimenter in coal-gas, 2882 
invented slide-valve, 3607 
model of locomotive, 4932 
oscillating engine, 4933 
Muriate, a valuable manure, 928 
Miriate of ammonia, British exports, 
2798 

Murray, G., his study of seaweeds, 4284 
Murray, Sir John, biography, 4616 
theory of coral islands, 3670 
Murray River, 2352 
Mnrren, its cable railway, 4204 
Murzuk, Kezzan, 3187 , 3 190 
Musoa domestica, house-fly, 3562 
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Muscat, noted for its hear, 3190, 3192 
Muscle, economical machine) 4279 
evils of its cult, 1797 
man’s, 94 L 

not represented in brain, 2018 
used in breathing, 1308 
voluntary, need for their decline, 1794 
Muscularity, no clue to vital powers, 6J 
Museum, value of, 2927 
Museum-beetle, 4300 
Mushroom, 419 , 3329 
how grown, 921 
in a quarry. 2485 
011 a hotbed, 2178 

Musio, discrimination of, 2505, 2506 
how comprehended in the brain, 3228 
hygienic and therapeutic value, 3716 
power over the senses, 3710 
range of notes, 250 1 
Musk, its power as perfume, 2028 
Musk-beetle, 4292 
Musk-deer, 1416, 1417 
Musk-kangaroo, 2012 
Musk-ox, 1533 

a link betutpen sheep and cattle, 301 
Musk-rat, incorrect name lor desman, 
1 L78 

in fur industry, 3146 
trapping the, 3142 
Musquash, in fur industry, 3146 
Mussel, 3822 
edible. 3821 

MustarJ, value as a condiment, 3355 
Mustard-plant, its cotyledons, 2095 
length of seed-life, 2093 
protected by its taste, 2727 
Mutations, in biology, 2237 
Mutilla, the solitary ant, facing 3941 
Mutism, in relation to intelligence, 3228 
Mutton, British supplies, 2439 
Muybridge, his moving pictures, 1560 
Mycelium, of fungus, 3298, 3325 
Mycetozoon, 790 

Myers, P. W. H., biography, 3950 , 4917 
his philosophy, 2149, 3945, 4398 
his psychology of genius, 4189 
Myers, Dr. Walter, martyr-student of 
yellow fever, 3441 
Mygalidee, 4183 
Myopia, 2387, 3712 
Myrianida, sea-worm, 792 
Myriapoda, 4177, 4187 
Myrmecocystes mexioanus, 3940 
Myrmica seevissima, 3938 
Myxcedema, how cured, 21 60 
Myxomycetes, 790 , 1884, 1885 

N 

Nahr-el-kelb, subterranean river, 2585 
Nailsworth, underground quarries, 2784 
Nais, beaked, 4J80 
Nakatami, gold-mine iti Siberia, 854 
Nakong, 1535 

Nansen, Fridtjof, biography, 4877, 4878 
Naphtha, distilled from tar, 1442 
obtained from coal, 483 
Naphthalene, 2L65, 2171 
Napier, John, biography, 4809, 4810 
Naples, Bay of, big photograph of, 3487 
Naroissi, the trade in, 2183 
Narooties, obtained from coal, 483 
Narmer, smiting chief of Kay u in, 3989 
Narwhal, 2262 

Nasmyth, James, biography, 4933 
model of steam-hammer, 4935 
Nasturtium, flowers, ucctaries, 3089 
leaf, 2366 
stamen, 3682 

Natal, it# coal output, 486, 487 
Nation, how it grows, 1487 


National Debt, 3038 
Nationalism, 4003 « 1 

Natural seleetion, in relation to muta- 

tions, 2242 

mechanical process, 1515 
significance in biology, 1391 
Nature, balance of, 2715 
contrasted with nurture, 122 
her care for the future. 410 
laws must bo universal, 641 
not a being, but a&ecoming, 646 
transcended by man, 113 
Navy, its capital value, 3038 
position in economics, 3157 
Neanderthal skull, 437. 3829 
Neap-tide, how caused, 1989 
Nebraska, wind-power on a farm, 2520 , 
2522 

Nebula, 18 , 20 , 25 , 1141 , 1143 , 4137 
composed of meteorites, 1258 
Crab, 1141 
Cygnus, 4266 , 4267 

existence proved by Sir W. Huggins, 
1137 

gaseous^jwe valent in Milky Way, 4258 

Ophliichus, 4261 
origin of, 1257 
planetary, 4143 
Pleiades, 4139 
Trifld, 4142, 4263 
various forms, 518 
Whirlpool, 4141 

white distinguished from gaseous, 4141 
Nebular theory, 19, 1137 
and conservation of energy, 1 144 
suggested by Kant, 515 
Nebulium, an element, found in nebuhu, 
but not on the earth, 524 
Neck, bones of man, whale, and giraffe 
compared, 823 
clothing it needs, 1553 
Nectar, an essential food of insects, 3087 
Nectary, 3988, 3089 
in simple flower, 3684 
Needle, how invented, 753 
Negative, in photography,. 3487 
Negro, his liability to diseases, 4250 
liow he thrives in America, 442 
in Held and schools, 4253 
Neo-Darwinism, dellnition of, 917 
Neo-Lamarokism, definition of, 917 
Neon, an inert gas, 524 
as an illuminant, 456 
ns source of light, 2893 
Neo-pallium, mantle of brain, 2021 
Neptune, planet, 3177 
density, 1258 
distance from the sun, 137 
liow discovered, 772 
known to exist prior to its discovery, 
772 


tilting of its axis, 1262 
Nereis, 4L78, 4179 
Nerve, affected by alcohol, 2514 
auditory, 2503 
cardio-inhibitory, 1069 
controls blood-vessels, 1067 
controls muscles, 943 
course to the brain, 1897 
optic, 2387, 2382 
prolongation of a cell, 282 
running into spinal cord, 2622 
Nerve-cell, 1601, 1665 
liow recuperated, 1 196 
Nerve-exhaustion, sleep a cure, 1191 
Nerve-fibres, crossing in brain, 1896 
Nerve-ganglia, 1664 
Nervous system. 4663, 1785 
affected by alcohol, 2873 
in the embryo, 1164 
Nervousness, 2694 
sleep a cure, 1191 
Nests, 2979 

Netherlands, how formed, 2592 
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Nettle, cause of sting, 2727 
how to destroy, 1171 
red dead, 2727 
stinging, 2727 

weed worth cultivating, 1049 
Neuralgia, cured by operations, 3801 
due to dental caries, 3592 
Neurasthenia, 2695 
cured by sleep, 1191 
Neuritis, alcoholic, 2516 
Neuroglia, 1905 
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Neurology, its Btudy necessary to 
eugenics, 1074 ’ 

Nenropatflio taint, prevalence in America, 

Nevada Tails, Yoscinito Valley, 3793 
New Guinea, native niagic-inen, 1720 
tree-dwellings, 439 

New Hebrides, statue of a dead chief, 1723 

New River, 2468 

New York, architectural features, 1336 
night photograph of, 3497 
Ne w Zealand, Britk 4 in vestments in, 100U 
chief exports, 492 
coal exports and imports, 2079 
coal output, 486 
continental island, 3665 
death-rate in, 4355 
development of water-power in, 487 
geysers in N. Island, 4027 
growth of its merchant marine, 1476 
need for white population, 4354 
original fauna, 1052 
trade progress in 20 years, 1358 
wool production, 1835 
Newberry, self-layering plant, 1171 
Newcomb, Simon, biography, 4843, 4843 
Newoomen, Thomas, biography, 4935 
his atmospheric engine, 4937 
how his engine helped coal-mining, 472 
invented steam-pump, 3605 
model of engine, 4936 
Newfoundland, llsheries, 1111 
growth of its merchant mariue, 1476 
icebergs off. 2953 
imports and exports, 1115 
population, 1114 
trade progress in 20 years, 1357 
Newfoundland dog, 1053, 1054 
Newman, Cardinal, his cottage, Little- 
inore, 2565 

Newman, Sir G., on children’s health, 1251 
News agenoies, 2057 
News department of a daily paper, 2062 
Newsholme, Arthur, biography, 4872 
"inquiry into infant death-rate, 1013 
his “ Prevention of Tuberculosis,” 3323 
Newspaper, business of, 2055 
how it gets its news, 2054 
Newt. 295, 298, 3339, 3341 
stages in its development, 793, 794 
Newton, Sir I., biography, 259, 4918, 4919 
discovered the spectrum, 201 
his corpuscular theory, 2120 
Niagara Falls, 3785 
available horse-power, 4325 
cause of recession, 2592 
electric power from, 2202 
in summer, 3791 
in winter, 3790 
power-stations at, 2207 
rapids below them, 2586 
source of power, 234, 235 
Nicaragua, connection with Panama 
Canal, 1937 

Nicaraguans, marriage customs, 369 
Nickel, found in meteoric iron, 3301 
Nicotine, 2274 
as ail auicsthctic, 3674 
Niepce, J. N., biography, 4937 
experimenter in photography, 3485 
experiments with salts of uranium, 3246 
Nietssohe, biography, 5017 
his theory of the superman, 113 
Nieuport, French aviator, 1320 
Niger, River, 2352 
Nigeria, its cotton plantations, 1714 
Night-blindness, a Meudcliati dominant, 
2479 

Night-heron, 2736 
Nightingale, 2492, 2493 
Nightingale. F., biography, 4810, 4812 
nursing wounded, 4811 
Nightjar. 2495 
Nightmare, 1193, 2383 
how caused, 1315 
Nightshade, Deadly. 2029, 2722 
Mini-Novgorod, colt-skin market, 2901 
fur-market, 3149 
Nile, River, 2353, 2354, 2588 
delta, 2593 
floods, 2351 
mcanderings, 2350 
sugar-cane trade on, 4233 
Nilgai, 1536 , 1537 
Nimbui clouds, 2711 , 2713, 2713 
Nineveh, excavations at, 3980 
Layard removing winged bull, 3979 


Nippur, excavated temple of Bel, 3983 
Nirvana, in Buddhism, 1033 
Nitophyllum, 2489 
Nitrate, how formed, 545 
produced from sewage, 1451 
secured by blasting, 2401 
synthesised from the nir, 2172 
works in Chili, 4113 
Nitrate of potash, its crystals, 973 
Nitrate of silver, its action in sunlight, 
3184 

Nitrate o! soda, value as manure, 926, 939 
Nitrating, 24 1 1 
Nitric acid, 787 

alMorbed by falling rain, 2830 
constituents. 907 

Nitrification, by bacteria in the soil, 513 
Nitrobaoter, organism in process of 
nitrification, 545 
Nitrogen, characteristics, 907 
in protoplasm, 280 
in the air, 1507 
in the blood, 1 188 
manufactured from the air, 746 
necessary for plants, 410, 2838 
necessary in soil, 290 
problem of its fixation, 781 
properties, 1508 
quantity in the blood, 2838 
Nitro-glycerine, 2402 
why it is explosive, 907 
Nitrosomonas, organism in process of 
nitrification, 545 

Nitrous oxide, its constituents, 907 
value as an amcsthctlc, 3674 
Nobel, A., biography, 2100, 2402, 4938 
scene in explosive factory, 2411 
NootambuliSm, 4072 
Noctiluca, 3816 
Nodules, 44 

on roots of laburnum-t ree, 2834 
Noise, a cause of insomnia, 13 10, 3834 
Nordau, Max Simon, biography, 4872 
writer on criminology, 3520 
Nordoaper,-2258 
Nordenfelt, his submarine, 2767 
Nordenskiold, Nils, biography, 4879 
Nordstrand, harnessing tides at, 4095 
Norma, constellation, 4257, 4259 
North America, rivers in, 2354 
United Kingdom’s investments ill, 3041 

bee Canada, and United States 

North Sea, fishing-ground, 1102 
its richness in fish, 1097 

North Sea Canal, 23 L4 
Northern lights, 1391, 2709 
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North wich, its subsidences, 4114 
Norway, granite quarries, 2780 
growth of merchant- marine, 1470 
increase of exports in 9 years, 2921 
railway mileage, 1001 
shipbuilding in 1911, 1480 
Skjervefos waterfall, facing 3793 
trade progress in 20 years, 1351 
Norwich, ancient wool industry, 2535 
Nose, its great value, 572 
modern surgical operations on, 3892 
nerves of smell, 2622 
value as smelling organ, 2628 
Nostrils, 1394 

Notochord, position iu embryo, 788 
Nototrema, pouched frogs, 3338 

Novalis (F. von Hardenburg), biography, 
5')I7 

Nova Scotia, its coal, 486 
Nova Zembla, raised from the sea, 3437 
Nucellus, in simple flower, 3684 
Nucleo-proteins, their necessity in the 
body, 3356 

Nucleus, centre of life of cell, 282 
how it behaves in a cell, 537 
in a cell, 279 
in gorm-cell, 664 
Nuggets, some famous gold, 650 
Nuisance, in public health, 3288 
Nummulites, 3810 
formed limestone rocks, 783 
Nuremberg, bridge at, 3377 
Nurseryman, 2177 
Nurture, best essent ial for all, 762 
contrasted with Nature, 122 
definition of, 761 

effect on individual development, 2597 
Nut, 3806 

ivory, showing seed, 3806 


Nutation, 2603 
Nuthatch, 2495 
Nutria, 1779 
in fur industry, 3146 
Nyala, 1535 

Nyassaland, tobacco cultivation in, 3859 
Nyctemera, 4961 

o 

Oak, 3924 
buds. 1173 

development of its fissured bark, 3927 
cpidcrm of young, 3926 
fused with beech-tree, 1644 
indigenous to Britain, 4169 
J length of life, 4172 
> periderm of an old, 3926 
shallow root-hold, 4169 
spangled gall on leaf, 32 1 1 
transverse section of trunk, 393 1 
Oik, Holm, introduced into Britain, 4169 
0*163, 3552 

Oatmeal, as a food, 3 1 1 5 
as developer of the lx>dy, 3356 
Oats, 3114 

British and Imperial output, 490 

Kmpirc’s growth in production, 491 

experiments in cross-fertilisation 1406 

length of seed-life, 2993 

rich in fat, 3119 

smut of, 3329 

winter, 1107 

Obelia, its medusa stage, 3816 
Oberon, a moon of Uranus, 3178, 3179 
Obesity, 3954 

why caused by alcohol, 2754 

Observatory, Solar, 1979 
Obsidian, 3026 

Obstetrics, its study in eugenics. 1974 
Ocean, exploring its depths, 1864 
how formed, 267 
sinking of its level, 2700 
surface temperatures, 1988 
Ocean-beds, 1865 
Octodont, 2141 
Ootopus, 3456, 3465, 3405 
Octroi, effects on trade, 4110 
Odah&hraun, Iceland, lava field and 
geysers, 4026 
(Enothera, 2236 

(Enothera lamarokiana, example of 
mutation, 2249 

Oersted, Hans C., biography, 4832 
(Esophagus, 1120 
its function, 1424 
Oidia, 3208 

" Oil,” Abbey’s symbolical painting, 4320 
British oversea trado in, 997 
British reliance on foreign supplies, 
2553 

early source of lighting, 2881 
effect oil waves, 2119 
fuel iu cargo steamer, 4335 
in plant life, 1772 
industry of collecting, 93 
made from wheat, 2162 
methods of currying, 102, 103 
methods of obtaining, 96, 97 
on fire at- refinery, 3975 
sources of Britain's supplies, 2559 
storage of, 101 
Oil-beetle, 439 L 

Oilcloth, British imports and exports, 
2804 

Oil-engine, 2282 
Oil-field, 95 

fires, and how quenched, 98, 99, 105 
storehouse of solar energy, 4325 
Oil inel, effect on British commerce, 2078 
future of, 90, 1921 
growing use of, 1440 
used on submarines, 2768 
Okapi, 818 
Old age, 4079 

Old Faithful, geyser in Yellowstone Park, 
4026 

Olfactory bulb, 2622 

Oliver, Sir Thomas, on “ Diseases of 
Occupation,” 3772 
01m, 3339 

Olmsted, Prof., discovered movements of 
meteors, 3393 

“ Olympic," ss., double bottom, 3508-9 
keel-plate, 3506. 3507 
ready for launching, 3509 
ribs and deck-girders, 3507 
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Olympus, Moult, 3305 
Onion, affected by sclerotia, 3453 
section of Its bulb, 2133 
Onomatopmio words, 2001 
Onyx, formed from silicon, 900 
its source of colour, 654 
Oogonium, 3326 
Oospora scabies, 3331 
Ooze, 1868 
in deep sea. 1870 
Opal, formed from silicic: acid, 008 
Opon air, a school in, 1263 
Operating-theatre, 3800, 3801 
Operations, surgical, 3708 
Ophiaohus, constellation, 4258, 4259 
nebula of Rho, 4261 
Opium, 1221 
as a drug, 2028 
as an anmsthotic, 3674 
China’s war against, 120 
Opossum, Australian, 2011 , 2013 
flying, 295 , 303, 2013 
in fur industry, 3148 
philander, 2015 
ring-tailed, 2011 
true, 2013, 2015 
Virginian, 2015 
vulpine, 2008 
water, 2015 

Opsonins, constituents of blood, 1180 
Optimism, essential for the old, 4081 
question of psychology, 2746 
Opuntia, spiny, 2725 * 

Orange, dietetic value, 3813 
oil-glands of peel, 3812 
trees, protected by ants, 2728 
section at base. 3812 
structure of, 3810 
Orange River, 2352 
O^nge-bolet, 3204 
Orang-utang, 172, 173, 174 , 177 
Orbit, of oye. 238^ 

Oreella fluminalis, 2202 
Orchard, enemies and diseases, 3567 
Orchid, curious Mexican, 2602 
hybrid, 1409 

pollinating bee, facing 3087 
Ore, iron, 216 

British oversea trade in, 007 
■■■ I&ov Orb 

Orestes, his blood expiation, 1722 
Organio matter, as plant food, 422 
Organisation, in the State, 1485 
reforms in industrial, 2808 
Orgmotaerapy, experiments in, 4043 

“ Orfgin of Species,” 1277 
Orinooo River, 2354 
Oriole, 2977, 2979 
Orion, constellation, 4257, 4259 
its numerous helium stars, 3660 
nebula, 521 , 4141 
Theta, multiple star, 3904 
“ Orion,” H.M.S., 577, 595 
Orionids, meteoric shower, 3303 
Orissa, its canal works, 1704, 1705 
Orizaba, Mexican volcano, 4029 
Drotava, dragon-tree. 3928 
Oroya, its famous railway, 4205 
Orthoptera, 4301 
Oryx, Arabian, 1536 
Bcisa, 1536 
sabre-homed, 1532 
white, 1536 

Diyxomys palustris, 2141 

Osier, Sir William, biography, 4873 

high melting-point, 


Osmium, clement, high melting-point, 
649 

used in electric lamp filament, 525, 2890 
used In Wclsbach lamp, 525 
Osmosis, 415, 546, 1767 
turned to use in sugar refinery, 4230 
Osprey, 2852 
OstrioK 2861 , 2862 
plucking its plumes, 3151 
plumo ready for sale. 3154 
preparing feathers, 3152, 3153 
skeleton, showing foot, 688 
Ostrioh-farming, 3151 
Ostromislensky, synthesised rubber, 2168 
Dstwald, W„ biography, 2166, 4832, 4833 
Otolith sao, 2503 
Otter, 1295 , 1300 
taught to fleh for man, 033 
Otter-boards, 1107 

Otter-trawl, description and use, 1099 
Otter*ifcNw; 1181 


Otto, Nicholas, mado first modern gas- 

pncfinA 3A11 

Output limitation of, 3761 
Ova, in jelly-fish, 2601 
Ovary, part of fiower, 3684 
Oven-bird, 2981 

Overcrowding, its prohibition, 3408 
statistics of cities, 1730 
Over-eating, in Germany, 3477 
Over-produotion, is it waste In life ? 531 
Overstrand, sea-erosion at, 2113 
Overy, J., founded London Bridge, 3375 
Ovale, arum berry's, 3688 
how protected, 3686 
part of flower, 3684 
Ovum, 664 

Owen, Richard, biography, 4874, 4875 
Owen, Robert, biography, 4812, 4814 
his experiment in co-operation, 3522 
ideal settlement, 4813 
Owl, 2L36, 2498, 2860, 2861 
long-cared, 2498 
tawny, 2498 
white, 2498 
Owl-parrot, 2863 

Ownership, among primitive people, 1725 
public versus private, 3519 
Ox, 3352 . 

used in ploughing, 4324 

why sacred among Hindoos, 1844 

Oxalis sensitive, 2606 
Ox-bot, 4298 

Oxide of lead, used in glass-making, 3022 
Oxidisation, principles of, 2399 
produces heat, 907 
Oxus, River, 2348 

Oxygen, abundant in earth's crust, 271 
breathed out by plants, 17/0 
characteristics, 907 
constituent of water, 1748 
economic value, 4332 
essential for all life, 1385 
how absorbed into body, 1307 
how discovered by Priestley, 657 
how it enters a plant, 2308 
how set free in plants, 416, 1392 
in protoplasm, 280 
in the air, 1507 
in the blood, 1 188 
necessary to seed-growth, 2004 
properties, 1507 
quantity needed by man, 445 
temperature at which it freezes, 907 
temperature at which it liquefies, 907 
Oxyhsemoglobin, 1185 
alcohol’s effect on, 2753 
Oyster, 3821 

collects lime from sea-water, 1752 
Oyster-catoher, 2742 
Ozone, 1508 

Paca, 1779 P 

Pack-ice, 2954 

Paoiflo Ocean, how made, 1865 
rivers flowing into, 2352 
Paget, Sir James, biography, 4989, 4970 
Pain, how felt, 2624 
its conquest. 3673 
Painted-lady butterfly, 1760-1 
Paints, British Imports and exports, 2798 
Pakefleld, sea-erosion at, 2113 
Palseontology, its use to zoology, 293 
Paleaotherium, 301 

Palestine, primitive churning in, 3256 
Paley, F., his “ Natural Theology," 1516 
Pallssy, biography, 982, 4815, 4816 
Pallas, asteroid or minor planet, 2822 
Palm, date, 35.53, 3664 
its Bocds borne far by water. 2845 
Palma, volcano in Canary Islands, 4030 
Palm-civet, wliite-whiskerod. 2134 
Palm- willow, male and female flowers of, 
3682 

Palolo viridis, 4178 
Palpitation, its cause, 1068 
Pamir, 3545 
plateau of the, 3307 
Pampas, 3548 
in New World, 3550 
Panama Canal, 3280 
companies, 2197 

effect on world’s trade-routes, 2194 , 2195 
history of, 1934 

how freed from mosquitoes, 232, 3444 
how sdcncc has opened up, facing 129 
| mosquito-proof quarters, 3446 
works, 1933 


Panbouk-NelSssi, 2470 
Paneake-ioe, 2953 
Panoreas, 1544 
action in digestion, 1422 
medicinal extract from, 4043 
Panda, 679, 686 

Pangenesis, Darwin’s theory, 1038 
Pangolin, 300, 1895 
short-tailed, 1894 


Pansy, its protective hairs, 3206 
Pantheon, Paris, Humber’s pictures, 3272 
Pantheon, Rome, 13m 


Paper, arriving at newspaper office, 

I 2058 

British imports and exports, 2797, 2802 
British oversea trade in, 997 
British oversea trade in materials, 097 
ephemeral qualities of, 2658 
industry, 598-613 
machinery for making, 2167, 2668 
sources of Britain’s supplies, 2559 
timber stored for its making, 237 
various uses, 612 
Paper-mills, at Grand Falls, 2796 
Papin, Denis, biography, 5041, 5042 
Papyrns, 600, 612 
Para, rubber-tree, 1220 
Paracelsus, biography, 4833, 4834 
Paradise, birds of, 2976 
smoking their Bkins, 3150 
Paradise-fish, 3457 
Paradise wydah bird, 2979 
Paraffin, 105 

how its flames arc put out, 3975 
solidified by refrigerators, 3136 
Paraffin-wax, sweating stoves for, 2169 
Paraldehyde, dangerous drug, 2158 
Parallax, diagram explanatory of, 4021 
stellar, 4022 

Paralysis, caused by alcohol, 2874 
effect on speech, 2018 

Parana River, 2354 
Parapods, 4178 

Parasites, 2841. 2956 , 2961, 2957 
definition of, 3210 
infinite minuteness, 2958 
malaria, 2956, 3439 
Parasitism, Darwin on, 27«8 
of dodder, 414 
of mistletoe, 416 
how it lives, 2958 
opposite of symbiosis, 2719 
Parcel Post, 1826, 1827 
Par6, Ambrose, biography, 4970 , 4971 
Parenchyma, of a leaf, 2368 
Parenthood, best age for, 2571 
economics of, 3410 
education for, 1611 
encouragement of worthy, 126 
modern control over, 3409 
not prejudiced by accidents, 126 
not syuonytnous with marriage, 3054, 
3173 

Pari&saurus, 1887 
Paris, geological section, 2467 
underground railways, 1216 
Park, Mungo, biography, 4880, 4880 
Parks, the value of municipal, 2927 
Parliament, docs it legislate too fast ? 

‘ 3045 

Monk declaring for a free, 3162 
Parnassus, Mount, 3305 
Parr, young salmon, 3697 
Parrakeet. 2978 
green, 2976 
Parrot, 2978 

Parry, Sir W. E., biography. 4881, 4882 
expedition in search of North-West 
Passage, 4883 

Parsnip, attacked by celery-fly, 3454 
Parsons, Sir Charles, biography. 5043 
compressed air talking-machine, 1812 
dynamo, 5043 

invented steam- turbiuc, 323, 324, 1916 
Parthenogenesis, 536 
Partridge, 2982 

Party Bystem, its value in local govern- 
ment, 3165 
Pass, Khyber, 2416 
mountain, 3306 
Pekin, 2433 
Stelvio, 2430-2431 

Passiflora oosrulea, its pollen grains, 3691 
Passion-flower, 2252 • 

Passy well, 2468 

Pasteur, Louis, biography, 150, 1970, 
3079 , 5090 
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Past ear, Louis (confd.), discoveries by, 37 
influent on food preservation. 3124 

C er in lighting mosquito, 343d 
of, 3083 
work, 3075 

Pasteur Institute, 3082 
statuary group outside, 3074 
Pasteurisation, 2096, 3077 
Patella, or knee-cap, 820 
44 PatM’s Gazette,” film newspaper, 1500 
Patriareb, in social development, 245 
Patriotism, 4003 

Paul, St., a transformer of society, 121 
Paulhan-Tatin, aeroplane, 1326 
Pavement, wood, laying, 2427 
Paving-Mocks, machine for cutting 851 
Pawlow, Prof., Russian physiologist, 3354 
Pea, contrast in development, 1408 
leaf-tendrils, 2252 
length of seed-life, 2003 
Mendel's experiments with, 2122 
rich in protein. 3232 
Peace, among the nations, 4243 
picture by Sir E. Landseer, 4246 
prospects of universal, 4307 
replacing war-spirit, 4125 
statue at Durban, 4362 
symbolical sculpture, 2688 
Peacock, 2982 
Pea-fowl, 2982 

Peak, Derbyshire, cavern, 3007, 3908 
Pear, leaf attacked by codlin moth. 3568 
Pearl, Dr. R., on modern eugenics, 221 1 
Pearl. formed of carbonate of calcium, 
780 

how formed, 3822 

Pearl-diving, 1583 
Pear-scab, 3572 

Pearson, Karl, on tuberculosis, 3294 
Peary, Lieut., biography. 4885, 4885 
scenes at North l*olc, 4876 
Peasant system, in England, 1840 
Peat, carbon-wealth, 407 
cause and use, 167 
fuel for a gas-plant, 3810 
plant food, 070 
value as fuel, 234 

Peat-bog, pcrftieation by water, 2105 
storehouse of solar energy, 4325 
Peat-mosses, 2235 
Pebble, how formed, 908 
Pedigree, service to eugenics, 2812 
Pedro-Miguel, 1945 
locks at, 1945 
Peewit, 2741 
Pekin robin, 2975 
Pelie, Mt., Martinique, 4032 
its eruption (in 1902), 4151, 4152 
St. Pierre after its eruption, 41f»4 
Pelican, 2740 , 2741 
Pellagra, Italian disease, 3502, 4298 
Pelorus Jack, 2263 
Pelvio girdle, 824 
Pelvouz, Mt.. 3428 

Pemmican Red Indian’s preserved meat, 
3123 

Penan d, A., built tlying-maehine, 1320 
Pencillum glaucum, 3320 
Pendulum, its principle discovered by 
tialileo, 3734 

proves earth’s rotation. 2098 
why it measures time, 905 
Pengelly, William, biography, 4726, 4727 
Kent’s Cavern. 4726 
Penguin, 33, 2851, 2803. 2863 
Pennsylvania, coal-mines in, 015 
Penrhyn, its slate quarries, 2794 
Pensioners, Old Age, 1816 
Penzance, its flower t rade, 2183 
Pepper, value as condiment, 3355 
Pepper-plant, magnified see i.m of, 971 
protected by its taste, 2727 
Pepsin, ferment in the stomach, 1420 
Perch, 3698 
climbing, 234 
Peregrine, 2854 
Perennials, 1170, 2129 
Perianth, of flower, 3083 
Pericarditis, 1004 
Pericardium, 1003 
Periderm, of tree-trunk, 3927 
Perihelion, of earth, 3184 
Peripatus, 4187 
‘'Periscope, 2770 , 2771 

itH use on submarines, 2770 
Peritoneum, 1425 
Peritonitis, 3481 
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Periwinkle, 3820, 3824 
Periyar, engineering works. 1704 , 1709 
Perkin, Sir W. H.. biography, 1436, 4834 
discoverer of aniline dyes, 2108, 2798 
Perkin, W. H h biography. 4835, 4835 
invented fire-resisting flannelette, 3903 
Perotti, Prof. Pierluigi, inventor of tele- 
phonograph, 710 

Perrine, Prof., discovered two of Jupiter’s 
moons, 2941 
Perseids, 1022, 3303 

Perseus, constellation, 3780, 4258. 4259 
Persia, trade progress in 8 years, 1355 
trade with United Kingdom, 1241 
Persistency, form of pugnacity, 3470 
Personality, how built up, 2807 
shaped at adolescence, 1494 
Perspiration, drains tody-poisons, 955 
Peru, increasing imports, 4358 
lack of rain. 2828 
railway building in, 4205 
scenes on Oroya Railway, 4207 
trade progress in 20 years, 1357 
trade with United Kingdom, 1241 
Peru Current, 1980 

Permian Era, its fossils and place, 390 
Peseta, Spanish coin, 3877 
Pessimism, question of psychology, 27 10 
Pestalozzi, John, biography, 4817 
Petal, 3083 

position in flower, 3684 
purpose of the markings, 3091 
transition forms to stamen, 3686 
Peterhead, its granite quarries, 2780 
Petiole of a leaf, 2368 
Petrel, 2021 
fulmar, 2629 

Petrie, Flinders, biography, 1884, 4886 
his excavations in Egypt, 3979 

Petrol, 105 

compared with alcohol, 2002 
how it drives a motor-ear, 4341 
how its flames are putout, 3975 
test, in burning, 3965 
Petrol-electrio car, 1916 
Petrol-engine, 3092 
its value to the aeroplane, 1321 
Petroleum, as an illuminuut, 2895 
contains radium emanation, 1155 
Hurt nation of prices, 2557 
limited amount, 234 
many uses and products, 93, 105 
problem of its origin, 94 
where it is found, 93 
woil l’s mil put, 020, 621 
Petty, Sir William, biography. 5914 
Petunia, its varying scent, 3099 
Phseophycro, olive-brown seaweeds, 4283 
Pheestos, Crete, excavated palace at, 3992 
Phagocytes, 2753 
chief agents of health, 68 
clue to suppuration in laxly, 3803 
effect on microbes, 4910 
fighting typhoid-fever parasites, 71 
healing a wound, 1182 
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Phalanger, 2012 
flying, 303 
vulpine, 2008 
Pharmacology, 2031 

Pharaoh, his magicians and Aaron, 1609 
Pheasant, 2982 
Elliot’s, 2981 
golden, 2983 

Phonacetin, dangerous drug, 2158 
Phenazonum, dangerous drug, 2158 
Phenylisocyanide, 911 
Philip, Dr. R. W., founder of Tuberculosis 
Dispensary, 331!) 

Philippines, freed from malaria. 3440 
Phillips, H., designer of aeroplane, 1320 
Philo, biography, 5019 

Philodromns, 4183 

Philology, connection with anthropology, 
565 

Philosophy, necessity for science, 919 
Phlosm, 2366 

Phlox, its pollen grains, 3691 
Phobos, satellite of Mars, 2819 
Phoenicians, discovered glass, 3019 
Phonautograph, 1802 
Phonogram, first, in England, 1803 
Phonograph, Edison’s first machine, 1802 
how it works, 1805 
testing records, 1806 
Phosphorescence, in fishes, 46 1 
in midges, 4297 


Phosphorus, found in protonlasin, 8 10 
its salts a food of plants, 417 
necessary in soil, 290 
racial poison, 3772 
red. characteristics, 909 
yellow, characteristics, 909 
Photo-engraving, 2059 
Photograph, composite, 3488, 3489 
preparing largest in the world, 3487 
sent, by telegraph, 3493. 3494 
taken by W. H. Eox Talbot, 3484 
Photographophone, 1814 
Photography, 3483 
colour, 2170 
detective of crime, 3494 
flashlight, 3486 
in astronomy, 1090, 3543 
in experimental science, 3193 
instantaneous, 3490, 3490, 3492 
night., 3497 
pinhole, 3485 
Press, 3401 

revenler of the sun, 1978 
X-ray, 3252 

Photosphere, of stars, 3657 
of sim, 1977 
Photo-telescopy, 210 
Phrenology, absurdity as a seiebep. 828 
Phronema, area of the brain, 3830 
Phrynixalu8 biroi, curious frog of New 
(iiuinca, 3338 

Phycocyanine, pigment in seaweed, 4283 
Phycoerythrine, pigment in seaweed, 1283 
Phycopheeine, pigment in seaweed, 
4283 

Phycoxanthine, yellowish-brown pigment 
in seaweed, 4283 

Phylloxera, insect, enemy of vines, 4302 

Physical deterioration, 1259 
Physical training, its real value, 1249 
Physician, the piiuiilivc, 3915 
Physics, experimental, 451 
Physiological units. 1990 
Physiology, the study of function, 689 
Physophora, 3819 
Phytopbthora infestans, 3327, 3329 
Phytopus ribis, the hud-mite, 4294 
Pia mater, 2917 

Pianoforte, British imports and exports, 
2801 

Germany's exports, 2804 

Pianola, 82 

Piastre, Turkish coin, 3877 
Piazzi, Giuseppe, biography, 4844 
Pica, 1780 

Piccadilly Circus, the tubes below, facing 
1203 

Pichiciago, 1891 

Pickering, E. C., biography, 4815 
Picric acid, 24 1 4 

Pictures, how telegraphed, 81, 84 
Picture-writing, 3222 
Pier, foundations of, 2396 
Pig, domesticated by man, 1955 
its food value, 1056 
Pig-deer, 1950 
Pig-iron, 218 

British production, 1958 , 

fluctuation of prices, 2550 
production of chief nations, 2075 
Pigmentation, due to tropical sun. 44 L 
inheritance of, 2575 
Mcudclism in relation to, 4250 
Pigae d’Arolla, 3428 
Pike, fish, 3096, 3700 
Pike’s Peak, 330!) 
crossed by a railway, 4215 
Pilatus, Mt., Swit zciland, its raek-and- 
pinion railway, 4217 
Pilchard, 3576, 3577 
painting by 0. N. Ifomy, 3574 
Pilchard-flsbing, 1108 
Pilcher, pioneer in flight, 1321 
Piling, timber, supporting a ship, 3511 
Pillar-box, on a motor-’hus. 1822 
Pimpernel, Scarlet, its inflorescence, 3687 
Pimpla instigator, 4295 
Pinchbeck, biography, 5946 
Pine, destroyed by bark- beetle, 4294 
Douglas, 2654 

fertiliser of the soli, 670. 07 L 
growing on sandy soil, 4951 
growtli of cone towards light, 2605 
in Alpine forest, 4166 
plantation, 4052 

Scots, indigenous to Britain, 4169 
Scots, length of life, 4172 
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Fine (contd.), Scot*, it* pollen grains, 3691 
section of root magnified, 971 
tunnelling* in its bark, 4054 
weevil feeding on young shoot, 4055 
Pineapple, transverse section, 3808 
Fine-marten, 1296 

Pinene, derived from benzene, 2108 
'Pinhole, photograph through, 3485 
Pinhole earner*, 3483 
Pinniped, 2373 
Pipe-fish, 3457 

44 Pipes,” in limestone rocks, 2830 
Pisanridse, 4183 

JNsauros mirabilis, British spider, 4184 
Pistil, 3083 

Piston, how it works, 3607 
Pitch, in sound, 2502 
analysis of, 2500 
Pitchblende, 387 . 526 , 1148 
autophotographed, 1154 , , 1272 
Pith, 2244. 2252 
of stem, 2305 

Pithecanthropus erectus, 180, 1303 
Pitman, Sir Isaac, biography, 4818, 4819 
Pit-pony, 4G6, 480 

Pitt-Riven, A. L.-F.. biography, 4880 
Pittsburgh great steel- works by night, 215 
“ The Crowning of," 2448 
Pituitary gland, 1540 
Pizarro, conquered the Qucchuas, 1302 
seizing the Inca of Peru, 1360 
Placenta, part of a (lower, 3085 
Plague, 3284 

bubonic, how spread, 3501 
in Home, 314 

Japanese doctors searching for, 3563 
pneumonic, how spread, 3501 
propagated by rats, 2137 
Plaice, 3570, 3580 

Plains, origin and characteristics, 3540 
Plane, inclined, 4321, 4323 
Plane-tree, 4111 
its leaf, 2366 

when brought to Britain, 4169 
Planetoids, 2821 
Planetology, its problems, 1023 
Planets, constant light, 3540 
density, 1258 
laws of motion of, 771 
manner of cooling. 1378 
meteoric theory of origin, 20 
minor, 1020 
rate of cooling, 1264 
relative positions, 1019 
relative sizes, 1742 
speed, 3010 
sunlike nature, 1378 
theories of origin, 20, 1144 
theory of capture by sun, 1497 
two stages of their life, 2609 

Beic auio Jucjter, Maim, Mkrc-vry, Nkftuke, 
Vknus, U ran ur 

Planing-machine, use in shipyards, 3514 
Plant, activity of, 1770 
absorbs water, 2830 
adaptation by, 2481 
animal friends of, 3085 
aquatic, 415, 421 
as a storehouse, 2127 
climbing movements of, 2606 
climbing types, 2250. 2607 
contrasted with animals, 32 
creeping, 2250 
cultivation, 2182 
defences of, 2723 
enemies of, 3325 
energy of, 1767 
external relations of, 2481 
first growth, 2001 
fungus, where they flourish, 422 
growth towards light, 2605 
how breathes, 2363 
how differs from an animal, 791 
how feeds, 2245, 2363 
how spread, 2843 
intelligence in, 2003 
land, now they get food, 415 
mimics pebbles, 2728 
poisonous, 2722 
propagation, 1045 
protect their pollen, 3205 
reproduction, 2001 
•erved by animals, 792 
Btemless, 2250 
stone, how they get food, 41 5 
stone, how they obtain salts, 420 
succulent, 2486 


Plznt (contd.), treatment of, 1523 
unicellular, 658 
water iu, 1766 

water, how they absorb food, 418 
water, the salts forming their food, 417 

FLAHT LIFE 

The following are the actual hauling* of the 
chapteni in thi* group in the r consecutive order 
through the first six volume* of this work. The 
subject* Are also cliult with In their proper places 
iu the index. 

The earth’s invisible army, 37 
The soil from age to age, 16 L 
What the soil is made of, 285 
Mother Earth's cupboard, 415 
What happens in the soil, 541 
The power of the soil, 003 
Breaking up the soil, 791) 

The value of manures. 925 
Seed-time and harvest;. 1043 
Autumn’s storage of life, 1 167 
The defeat of the seasons, 1287 
Man’s " creation " of crops, 1403 
Tho treatment of plants, 1523 
Propagation of plants, 1045 
Tho energy of plants, 1767 
The basis of plant life, 1881 
A plant’s first growth, 2001 
Plants as storehouses, 2127 
Growth of root and stem, 2245 
A plant’s life-processes, 2363 
A plant’s fight for life, 248 L 
Intelligence in plants, 2003 
The defences of plant*, 2723 
How plant* are spread, 2843 
Fruit anil seed dispersal, 2965 
Friends of plant life, 3085 
Bidden and unbidden guest*, 3205 
Enemies of plant life, 3325 
Disease in garden plants, 3449 
Enemies of fruit crops, 3567 
Functions of the flower, 3683 
The fruit of plants, 3805 
Trees a* a spectacle, 3925 
Tho community of trees, 4049 
The trees of the forest, 4167 
The plants of the sea, 4283 
Plantain, injurious to animals, 2724 
its loaf venation, 2367 
Plant-animals, 791, 792 
Plant-growth, history of man’s knowledge 
of, 925 

Plant-lice, 4302 
Plant-poisons, 2724 

Plasticity, a characteristic of metals, 649 
Plastids, in root, 2249 
Plate, how moulded, 984 
Plateaus, 3545 

Plate-glass, 3026, 3028, 3029 
Platinum, characteristics, 654 
melting-point, 649 
used in electric lamps, 655 
used in making sulphuric acid, 2175 
Plato, biography, 5021 
Platypus, 299 

Play, its value in education, 1370 

Playing-fields, 1906 

Pleasure, improvement in taste for, 2684 
Pleiades, 4017, 4137, 4139 , 4258, 4259 
Pleistocene Era, known as lec Age, 402 
Pleura, 1302. 1307 

Pliny the Elder, his account of plant life, 
1885 

Plooanium, scarlet seaweed, 4285 
Plombiferes, thermal springs, 2468 
Plough, hauled by eleetric power, 4095 
modern types, 805 
Ploughing, 798 
best time for, 1173 
effect on tho soil. 800 
oxen in Porto Kico, 4324 
steam, 4325 
Plover, 2742 
golden, 2741 
stilted, 2741 

Pluoker, improver of vacuum tube, 3240 
Plumage, 2973 

Plumbago, sources of Britain’s supplies, 
2559 

Plumbism, 3772 
Plumule, now formed, 2002 
of wheat grain, 2000, 2003 
Plush, formed from waste silk, 1450 
Plutooraoy, as a governing force, 2805 
association with aristocracy, 2808 
Plymouth, its whiting fishing, 1107 
Pneumatio tools, 2640 


Pneumatio tubes, 2681 
Pneumatics, working a hamme^ 2638 
riveting shell-plates, 3512 
Pneumo-oooci, 3080 
Pneumonia, caused by microbes, 054 
fought by leucocytosis, 2751 
how caused, 2754 
Fo, River, 2587 
alteration of course, 2350 
delta, 2592 

Posket-gopher, 803 , 3139 
Podmore, Frank, on”Psychical Research, 
3945 

Pohutu Geyser, New Zealand, 4027 
Pointer dog, 1054 
Poison, how the body resists, 08 
made by plants, 2724 
racial, 3771 

Poison-spring, Gastcin, 2472 
Poland, its spirit of independence, 4000 
Polarisation of light, 3075 
Polaritoope, use in eclipse observations, 
2402 

Poldhu, 2033 
Pole Star, 3542 
dark companions, 3902 
rate of motion, 4019 
Poleoat, 1296, 1297, 2130 
in fur industry, 3149 
trained by man, 934 
Poles, curvature of earth at, 2097 
reason for their small rainfall, 2825 
Poiitios, their decadence today, 3164 
their knowledge by workmen, 2684 
Pollack, 3581 
caught by line, 1107 
Pollan, a salmon-like fish, 3099 
Pollarding, 1520 

Pollen, bee receiving, facing 3087 
ceil of, 664 

falling from mallow flower, 2594 
food of insects, 3087 
form and action, 3087 
resting on stigmas of arum, 3688 
structure, 3689 
transferred by animals, 3086 
tubes penetrating stigma, 3685 
varying forms, 3691 
Pollination, how occurring, 3687 
Pollution, of rivers. 3288 
Pollnx, rate of motion, 4019 
Polo, Marco, biography, 1933, 4887, 4888 
Polonium, discovered by M. Curie, 1148 
throwing off rays, 1271 
Polyandry, 368, 498, 030 
Polygamy, 498 

caused by power and wealth, 370, 630 
effects, 630 

Polygordius, 4178 

Polynesia, its coral islands, 3667, 3671 
Polyphylla, beetle, 4292 
Polypodium vulg&re, 2844 
Polyporus squamosus, 3204 
Polyps, coral, 3666, 3814 
Polysiphonia. 2489 
Polystictus versicolor, 3204 
Polytheism, early stage iu religion, 438 
Pomeranian dog, 1052 
Pompaii, 4029 
buried by Vesuvius, 4145 
excavations at, 3976 
stone- paved street in, 24 19 
Pompilus, 3942 
Pond-skater, 4183 
Pons, in the brain, 1898 
Poole’s Hole, Derbyshire, 3908 
Poor, sickness in homes of, 3402 
State treatment of, 3765 
Poor-house, Elizabethan, 2569 
Poor Law, 2569, 3286, 3766 
Poplar, Lombardy, 4171 
length of life. 4049, 4172 
skeletonised leaf, 3930 
when brought to Britain, 4169 
white, 3924 

Popocatepetl, Mount, 3310, 4029 
Poppy, as an amusthetic, 3674 
how It disperses its seeds, 2845 
pollinating bee, facing 3087 
Shirley, illustration of mutation, 2239 
Population, affects a nation’s industry, 
4117 

great cities', compared, 509 

now a nation Increases its, 506 • 

increase in recent yean, 76 

pressure of, 378 

problems of the future, 1353 
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Population (contiL), rate of world's 
incretAe, 231 
white, 4354 
Porbeagle, 3458 
Poreelaln, 077-091 
British production, 2800 

■kb also Pottery 

Porcupine, 1893, 1805 
Pork, British supplies, 2430 
Porli River, 2585 
Porphyra, 2489 c . 

Porphyry, 2777 ' 

its source of colour, 054 
Porpoise, 2262, 2262 
Porridge, value as a food, 3119, 3356 
Port Sunlight, its model dwellings, 1853 
Portland, quarries at, 2778 
Portland stone, 2788, 2794 
Portland Vase, 3020, 3021 
Porto Rico, tobacco- fields in, 3856 
Ports, value to iron trade, 1956 
Portsmouth, as painted by J. ,M. W. 

Turner, facing 1497 
Portugal, its merchant marine, 1476 
railway mileage, 1601 
trade brogroBs in 20 years, 1354 
Post Office, capital value, 3038 
example of co-operation, 3520 
General, plan of, facing, 1831 
in rural districts, 3047 
work of, 1817 

Posterity, how wo disregard it, 238 
Postman, iii many lands, 1820, 1821 
Potaro River, British Guiana, Palis of 
Kaieteur, 3793 

Potash, German industry in, 3026 
in glass-making, 3022 
value as mauurc, 928 
Potassium, craving for oxygen and hydro- 
gen, 779 

lighter than water, 649 
melting-point, 649 
necessary in soil, 290 
occurs in sea-water, 781 
plasticity of, 649 
’ afrits a food of plants, 417 
Potassium bromide, medicinal salt, 781 
Potassium otffbonate, used in manufac- 
ture of glass, 781 

used in manufacture of soft-soap, 781 
Potassium chloride, from brine, 4101 
where found, 781 

Potassium iodide, medicinal salt, 781 
Potassium sulphate, in water, 1752 
Potato, 2133 

atfccted by sclerotia, 3453 
bacteriosls of, 3449 
canker disease of, 3450 
corky scab disease in, 3 149 
diseased, 3448 
growing eye, 2128 
loading into trucks, 2193 
protection against, animals, 2727 
removal from damp, 2192 
two crops u year system, 1048 
weighing at market, 2193 
yield of, 2182 
Potato diseases, 3327, 3329 
Potato-leaf rust, 3328 
Potato-scab, 3331 
Potentilla reptans, 1404 
Pot-holes, 3066 

Pottery, British production, 2800 
invented by woman, 755 
manufacture, 977-991 
Poulsen, Prof, von V., biography, 5046 
invented tclegraphonc, 1812 
invented wireless telephone, 703 
Poulton, B. B., on mimicry, 4066 
Pounds, John, biography, 4819, 4820 
Pont, 3581 

Poverty, a relative condition, 3765 
credit system a cause, 3880 
effects on democracy, 2681 
problems of, 2561 
tragedies, 253 

POWER 

The following arc the actual headings of the 
chapters In this group in their consecutive order 
through the first six volumes of this work. The 
subleots are also dealt with in their proper places 
In the index. 

» Making the world anew, 75 
Magnifying our senses, 197 
A revolution in steam, 323 
New fields of knowledge, 463 


Power— (continued.) 

What a battleship can do, 577 
Talking across the sea, 703 
The power of machines, 837 
Seeing the invisible, 959 
Conquering the sun, 1079 
Piercing the earth, 1199 
The flight of man, 1319 
Modern treasure- trove, 1437 
Things seen as they are, 1559 
Hallways of the future, 1077 
Machines that talk, 1801 
An engine of revolution, 1915 
The wireless telegraph, 2033 
The chemist as creator, 2163 
Transmission of power, 2281 
The mightiest force, 2399 
Harnessing the wind, 2517 
The power of tile air, 2639 
Pathways under the sea, 2759 
Power over darkness. 2881 
The marvels of speed, 3001 
The conquest of decay, 3123 
The marvellous X-ray, 3239 
Modern weather wisdom, 3361 
The sun as artist, 3483 
The power of steam, 3599 
Measurements of time, 3719 
The power of gas, 3843 
The tight against fire, 3961 
The new electric age, 4087 
Mountain railways, 4205 
Future sources of power, 432 1 
Power, draws industries to it, 3399 
from the sun's heat, 1446, 1093-5 
future sources, 4321 
transmission of, 2281 
world’s sources, 234 
Power-house, Chelsea. 4086 
Feather River, California, 4090 
Grand Falls, 4093 
Power-riveter, 3515 

Power-tools, their adoption In ship- 
building, 3502 

Powrie, J. HI, his triple-lino colour- 
photography, 3497 

Poynting, J. H., discovered the earth’s 
density, 206 
Prnsepe, 4259, 4200 

Prague Cathedral, its astronomical clock, 
3723 

Prairie, 3548 
Prairie-fires, 2829 
Prairie-hen, 2982 
Pratincole, 2742 
Prawn, 3824 

Precipitation, in the ocean, 3430 
Precocity, un evil, 1132 
Prejudice, in psychology, 3347 
Presbyopia, 2387 
Preservation of foodstuffs, 3123 
Press, hydraulic, 432 L 
Pressure, solidifies things, 142 
Prestwioh, Sir Joseph, biography, 4727 
“ Preussen,” German sailing-ship, 2527 
Price, economic definition of, 375(3 
Prickles, 2724 
for plant defence, 2482 
Priestley, Joseph, biography, 4836, 4836 
Priestley, Joseph Hubert, biogruphy, 
4820, 4821 
Priests, 2085 
Primitive man, 438 
Primogeniture, problems of, 257 1 
Primrose, evening, its mutations, 2236 & 
2240 

thrum-eyed and pin-eyed flowers, 3682 
Primula, sticky excretion, 2729 
Pringle, Sir J., ventilation pioneer, 3285 
Prinsep, Val, picture, “ To Versailles,” 
3582 

Printing, 2009 
Printing-machine, 2066-8 
Prism, 1742 

Prison, difficulty in reforming the system, 
3648 

how to empty, 3527 
scenes in, 3642 
Privet, 1773 

Prjevalski, Nikolai, biography, 4889 
Process-engraving, 2059 
Prootor, Richard, biography, 4838, 4846 
Praetor, R. H , inventor In chrome- 
tanning, 2908 

Procyon, lesser Dog-Star, 3543, 4259, 4260 
Producer-gas, 3843 

■ex Auto Gas 


“ Progress," picture by Watts, 2680 
Progress, racial and traditional, 4369 
Prominences, of the sun, 2098 
Protection, in plants, 1162. 1163 
Proteids, within a castor-oil seed, 2130 
Protein, body's need of, 191, 3478 
constituent of iiesh-food, 3354 
how digested, 1426 
necessity for animal life, 2838 
value in food, 3232 

Proterosaurns, fossil reptile of Permian 
strata, 398 

Protoplasm, basis of life, 1881 
contents of cells, 277 
elements that form, 280 
in marine afgro, 1880 
results of its analysis, 280 
Protoplasts, 1882 
Protosoa, 3816 

Protuberances, of the sun, 2098 
Providence, place in the universe, 258 
Prudery, it» evils, 1613 
Pruning, 1526, 1527, 1528 
Prussia, canal system, 2318 
nationalisation of railways, 1598 
timber trade, 2605 
Psychical research, 647, 3945 
Psychology, 2866, 3343 •» 

an objective science, 1158’ 
old system of study, 1158 
physiological, 2146 
study essential for eugenics, 1975 
study necessary for medical men, 193 
Psyoho-motor centre, in brain, 2019 
Psycho-physics, 2265 
Ptarmigan, 2982 

Pterodactyls, characteristic of Cretaceous 
Kra, 399 

found in chalk, 783 
Pteropods, in deep sea, 1870 
Ptilota, a red alga, 4290, 4291 
Ptolemy, biography, 4847 
his solar system, 903 
Ptomaine, 3125 

Ptyalin, ferment in saliva, 1425 
Puberty, meat to be avoided at, 3355 
Publio Health Act (1848), 3280 
Publicans, their high death-rate, 2755 
Public-house, child in the. 2090 
Publishing department, 2071 
Puccinia graminis, fungi, 3331 
“ Puddlers,” by J. Rixena, 1950 
by Mourner, 870 
Pudu, 1419 

Pueblo Indians, civilisation among, 1307 
Puff-ball, 3204 , 3329 
its wide scattering of spores, 2843 
Puffin, 2014, 2615, 2610 
Puffing Billy, 3606 
Pug-dog, 1053, 1055 
Pugnacity, an instinct, 3409 
Pulley, 4321 

Pulp, machinery for making, 2167 
Pulsator table, used in diamond-produc- 
tion, 869 
Pulse, 1065 
Puma, 431, 434 
Pumice-stone, 1869 

Pump, Humphrey. 3854, 3854, 3855 > 

Punctum vitale, of brain, 1900 
Punishment, action on the will, 3707 
corporal, 3640 
In earlier times, 3528 
Puniaub, its irrigation works, 1707 
Punnett, R. H. v biography, 3294, 4974 
presence and absence theory, 2475 
worker in genetics, 1971 
Pupil, of eye, 2382, 2385 
Pupin coils, their use in telephony, 714 
Pure line, theory, 2241 
Pus, or ” matter,” contains dead leuco- 
cytes, 1187 

Putrefaction, carried on in the soil. 542 
essential for continuance of plant life, 423 
how effected by bacteria, 2840 
Pylorus, its function. 1425 
Pyramid, building of the Great, 199 
Pyrenees, 3306, 33 10 
Pyrites, sources of Britain's supplies, 2559 
their valuable by-products, 1450 
used in making sulphurous acid, 2658 
Pyrola uniflora, diagram of its self-pollina- 
tion, 3690 > 

Pythagoras, biography, 5022, 5023 
Pvthon, 3104 
African, 3096 
Indian, 3097 
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Q 


Onna, 039 
Quail, 2082 
Quake-gras*. 3689 
Quarries, 2776 

capital value in United Kingdom, 3040 
Quarrying, 2777 
Quarts, 277;) 
crystals, 911 
free Milica, 003 
source of gloss, 3026 
source of gold, 656 


stamps for crushing, 860 
used as a light -(liter, 1072 
Quebeo, ocean liner arriving, 1474 
Queohuas, a 3 >eialistie people, 1362 
Querton, Prof., on iiurtural eugenics, 3293 
Quick, Robert, biography, 4821 
Quick-firer, on submarine, 2772 
Quicksilver; sen Mercuiy 
Quinine, as a drug, 2157 
medicinal value, 2023 
valuable in lighting malaria, 3440 
Quito, Its daily variation in temperature, 
1388 


R 


Rabbit, 1782 , 1783 

gnawings of holly. tree bark by, 4056 
Rabies, Pasteur's work on, 3082 
Raccoon. 670, 685. 686 

Race-antipathy, 561 
Race-feeling, 4003 

Race-genius, trade caused by its differ- 
ences. 3398 
Race-prejudice, 437 
Races, 1991 

difference in the world’s, 438 
problem of mixture of, 4249 
white, a definition, 567 
white and yellow, compared, 501 
why they die, 634 
Race-suicide, causes, 1129 
Rachel, 373 

Racing, injurious to health, 1793, 191 1 
Radiant matter, 1025 
discovery of theory of, 3240 
Radiation, as cure for disease, 1072 
from the sun, 1741 
of heat, 456 

of heat prevented by clouds, 2710 
Radiation pressure, 393, 777, 900 
in a comet’s tail, 391 
Radiator, in the motor-car. 4345 
Radicle, of wheat grain, 2000, 2003 
Radio-activity, 1147, 1267 
effect on germ cells, 2599 
explanation of, 460 
found everywhere, 134 
how measured, 1269 
Radiographs, 1150, 3241, facing 3245 
how taken, 3238 
Radiolaria, 31, 408. 906 
Ridiolarian ooze, 1871 
Radishes, their yield, 2182 
Radium, 131, 263 
an element, 134 
discovered by M. Curie, 1148 
extracted from pitchblende, 1153 
giving forth helium atoms, 1266 
how it is cut and weighed, 527 
in springs, 2472 
in the sun, 148, 4270 
its tremendous energy, 134, 1272 
rays emanating, 1270, 1275 
source of its energy, 389 
source of solar energy, 1861 
unlimited power, 136 
why it. throws out rays, 460 
will it supplant coal ? 130 
Radium clock, 136, 518 
invented by Prof. It. J. Strutt. 1271 
Radius, bone in the arm, 820 , 826 
Rafflesia, parasitic plant, 2960 
Rags, used in paper-making, 002 
Ragwort, its leaf, 2366 
Raikes, Robert, biography, 4940 , 4941 
Railophone, 88, 717, 710 
Railway, 1595, 4204 
Canadian Grand Trunk, 1460 
Canadian Pacific. 1461 
Cape to Cairo, 1453. 1455, 1456 
capital value of Uidted Kingdom, 3040 
electrification of, 1678-9, 2294 
in China. 4352 

in the future, 1676, 1077, 1684, 1687 

5180 


Riilvay (contd.), influence in urban 
districts, 88 
influence on slums, 79 
mileage In world, 1601 
mountain, 4205 
mo to-rail, 1681-93 
nationalisation, 1598, 3044 
planning a time-table, 3006 
speed on, 3013 
Trans-Andean, 1451, 1458-9 
transcontinental, 1 453 
trans-Siltcrian, 1453, 1454, 1456 
waste competition in, 3519 
world's (rail for more, 4357 
Railwayman, producer of wealth, 871 
Railway rates, 2080 

impairing England’s iron industry, 1953 
in United States, 1955 
Railway trains, automatic communica- 
tion, 88 

Raimondi, M., biography, 4890, 4800 
Rain, 522, 2345, 2707, 2825 
chemical action on rocks, 2830 
does not always reach the earth, 2825 
effect on plants, 2606 
producer of thunder, 2710 
red, 2829 

source of Water supply, 721 
Rainbow, caused by atmosphere, 1389 
Rain-cloud, 2713, 2713 
Raindrops, printed on sandstone, 138 
Rainfall, affected by sunspots? 3362 
extent carried off by rivers, 2350 
extremes due to mountains, 3312 
in different areas, 2826 
in England, 3362 
in India, 1696 
Rain-gauge, 3367 
Rainless regions, 2828 
Raisin-drying, 3125 

“ Rake’s Progress,” picture by W. 
Hogarth, 2508 

Raleigh, Sir Walter, biography. 4891, 4891 
“ Raleigh, Boyhood of,” picture by 
Sir J. Millais, 3106 

Ramsay, Sir William, biography, 1149, 
4822, 4836 

discovered cleveite. 200 
Rana esculenta, edible frog, 3336 
Rand, 857 

Raspberry, cost and yield, 2182 
how it spreads, 2848 
used In creating log anberry, 1404 
Rassam, H., Chaldean excavator, 3982 
Rat, bamboo, 2139 
black, 2136, 2139 
brown, 2136, 2139 
cane, 2139 

cost to United Kingdom, 2135 
lish, 2137 
kangaroo 2138 
kangaroo, pouched, 2009 
pouched, 2138 
spreader of plague, 3501 
water, 2112 
Ratel, 1299 

Rat-flea, conveyer of plague, G9, 2903 

Rat-shrew, 1180 

Rat-stoppers, on foreign-trading ships, 
32S7 

Rattlesnake, 3097, 3102, 3103 
Raven, 2198 

Ravine, cut by rivers, 2590 
Raw materials, British imports of, 2554 
* definition of, 990 
imports into United Kingdom, 1117 
sources of Britain’s, 2559 
Riwlinson, Sir Henry C„ biography. 4893 
iiis excavations in Mesopotamia. 3977 
winged bull from Sargon’s Assyrian 
palace, 4894 

Ray, John, biography, 4975, 4975 
Ray, electric, 294 
Ray, Ash, 3464 

Rayleigh, Lord, biography, 4952, 4053 
Rays, cathode, 211 
heat, 263 
Hertzian, 21 1 

ultra-red, visible to camera, 204, 205 
ultra-violet, influence phosphorus, 205 
ultra-violet, visible to the camera, 205 
violet, chemical power, 1387 
Razorbill, 2614, 2616 
Reaction, equal and opposite to action, 
900 

Reading, how to ait during, 3715 
Reading-centre, in the brain, 3225 


1 Reamnr, Rene A. v tyography, 4954 
| his thermometer, 1625 %> 

Reaper, machine, 1042 
Rebellion, 3525 
Recapitulation, law of, 792 
Receptacle, part of flower, 3684 
Recessiveness, in Mendelism, 2122, 2473 
ReooUeotion,.3109 

“ Reconciled," painting by Gustave 
Dori, 4129 

Records, gramophone, preservation for 
futurity, 1814, 1815 
Rectum, 1426 

Reoolver, sea-erosion at, 2113 
Rsd Indians, civilisation among, 1366 
customs, 1724, 1726 
selling furs, 3145 
trappers, 3140 
wigwam, 3141 

Red Sea, affected by evaporation, 1088 
climate, 3188 
high temperature, 1085 
Redpoll, 2490, 2498 
Redstart, 2498 
Redwood-tree, 2658 
Reedbuck, 1541 
Reefs, coral, 3666 
fringing and barrier, 3668 
Re-exports, value to Britain, 097, 009 
Refinery, crude oil, 104 
sugar, 4224-33 
Reflex action, 1786 
Reform, social, 2448 

Reformatory, value in preventing crime, 
3644 

Reformer, his value in society, 1247 
Refraction, caused by atmosphere, 1389 
Refrigerating chamber. 3132, 3133 
Refrigerator, in a dairy, 3127, 3260, 3269 
in fishery industry, 1097 
its service fo mankind, 3123 
Refuse, its compulsory removal, 3288 
used to obtain electric power. 1442 , 1447 
Regalia, as sacred symbols, 1606 
Registrar, of births and deaths. 409 
Registration, of births, marriages, aft'd* 
deaths, 3285 
Regression, 1878 
Regtilus, rate of motion, 4019 
Reichel, Dr„ bis high-speed motor, 4330 
Reid, Thomas, biography, 5023 
Reindeer, 937 , 938 
supplies milk to Laplander, 3256 
Relapsing fever, 3562 
its microbes, 1573 
Relief, outdoor, 2569 
Religion, effect on nationality, 4004 
hmv it arose in society, 1121 
is it opposed to evolution ? 918 
relation to science, 4307 
Ranan, Ernest, biography, 5021 
Rennet, power of, 2174 
used in cheese-making. 3270 
Rennie, as bridge-builder, 3370 
Rent, the lirst expenditure, 3158 
Reporters, at political meeting, 2056 
gallery at House of Commons, 2057 
Reproduction, geometric progression, 532 
in plant life, 1645 
sexual, its advantages in life, 659 
various forms, 533 
Reptiles, 1887, 3093 
existed in Secondary Era, 398 
01 igin of, 49 
“ Republic," as., 2052 
“The Triumph of the,” picture by 
L. Glaize, 2685 

Reservoir, at Honor Oak, 726, 727 
at Tottiforcl, Devon, 2234 
Resources, their needed conservation, 239 
Respiration, of plants. 2363 
stimulated through the eye, 449 
supported only by oxygen, 907 
Respiratory system, 1303 
Rest, does it exist ? 898 
its value to man, 1313 
Retention, in memory, 3107 
Retina, of eye, 2382, 2384 
Retriever, dog, 1054 
Retrogradation, of planets, 2939 
Reuter, Baron de, biography, 4942 
Revelation, its psychical value. 3951 
Revenge, in treatment of criminals, 3528 
Reversion, in biology, 2359 * 

Revolution, French, a picture of class 
hate. 248 

Revolution, industrial, 741 
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Raynaud, his moving pictures, 1561 
Bhaoophqras schlegij, strange frog, 3336 

Rhebnek, 1530 ' 

Rhine. River, 2352, 2586 
falls below Schaffnauson, 3785, 3789 
varying discharge of, 2351 
Rhinoceros, 815, 817 
Rhinoderma darwlnii. Darwin's frog. 3338 
Rhodesia, tobacco cultivation in, 3859 
Rhodites eglanteria. galls on, 3211 
Rhododendron, 2722* 
distasteful to animals, 2724 
its pollen grains, 3691 
Rboaophyceas, red seaweeds, 4283 
Rhodymenia, 2489 
Rhone, River, 352, 2587 
delta, 2593 
gradient, 2348 

Sm Bmishlmports of, 2437 
cultivation by the Japanese, 1045 
Rieefield, 558, 1967 
Rice-tenreo, 1181 

Riehthofen, F., biography, 4895, 4396 
Riekets, 4040 

great national disease, 1135 
“ Rider on the White Horse,” 2153 
Rifle, speed of its bullet, 3016 
why it kicks. 900 
Rifle-bird, 2977 
Rigel, rate of motion, 4019 
Righi, Prolessor, 2036 
Rigi Mount, Switzerland, its railway, 
4216, 4216, 4219 

Riley, James, pioneer in modem ship- 
building, 3505 
Rills, on the moon, 2341 

Ring-money, 3874 
Ring-ousel, 2496 
Ring-snake, 2104 

Rio de Janeiro, tidal wave at, 1984 
Rio Grande de Norte, 2354 
Ripples, preserved on fossil, mud, 272 
Ritohey, G. W., biography, 1037, 4849 
River, 1867, 2345 
"‘coloured, 2352 
distribution of, 2352 
dry bed, 2589 » 
erratic in India, 1702 
geological work of, 268 
meander in gs of, 2350 
mineral contents of, 2586 
mountain-making, 3437 
rising from inciting snow, 2349 
shifts mountains, 343 1 
transporting power of, 2348 
underground, 2348, 2587, 2588 
use in Germany, 2318 
windings of Forth, 2350 
work of, 2585 
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River-bed, boulders in an old, 397 

River-hog, 1056 

River-valley,- London’s situation in, 
facing 235 1 

Riveters, worked by air, 2646 
Riveting, in shipbuilding, 3514 
the keel-plate of the “ Olympic,” 3506 

Riveting-machine, 2284 
Roach, 3692 

Road, built on concrete arches, 2432 
dustlcss surface, 2428 
economic value, 3038 
how paid for, 3520 
in different eras, 2426 
need of nationalisation, 3044 
Roman, 2424 
Roman, in Britain, 2418 
Roai-making, 2417, 2425-9, 2778 
Ameiican, 2421 

crushing ami grading metal, 2790 
“ Roaring Forties,” 1986 
Rabin, 2490, 2493 
Peki l, 2975 

Roohdale Pioneers, co-operative society, 
3522 

Roohers de Naye, Switzerland, its moun- 
tain railway, 42 16 
Roohes moutonndes, 3066 
Rock, age told by fossil*, 396 
broken up by water, 162 
crumbled by weather, 164 
glacier-marked, 3068 
show classified, 272 
how quaint forms are made, 2833 
igneous, 272, 2779 1 


Rock (contd.), metauiorphic, 274 
raiu-worn, 2832 
sedimentary, 145. 273, 395 
travelling on glacier, 3070 
volcanic, 405 , 2779 
volcanic, off New Britain, 3666 
wave-resisting power, 2112 
Rock-drills, worked by compressed air, 
2643 

Rocket, the first locomotive, 1596. 5040 
Rook-salt, 4103 
affected by electrons, 1027 
deposit at Dead Sea, 1753 
Rook- whiting, 3581 
Rocky Mountains, 3306, 3315 
Canadian Pacific Railway route, 4209 
railways over the, 4212 
Rodents, 1775 

Rods, of retina of oye, 2382, 2387 

Roebuck, 1418 

Roemer, Prof., discovered velocity of 
light, 2942 

Rogers, Thorold, biography, 4943 
Rolandio area, iu brain, 2018 
Romanes, George John, biography, 4976 
Romans, aqueduct built by, 3378 
as bridge-builders, 3375, 3378 
Rome, Forum, 376 
glass-ware, 3020 
government, 2080 
sewers, 3283 
why it fell, 635 

Romilly, Sir S., biography, 4944, 4944 
Ronalds, Sir F., biography, 5047, 5047 
Ronmah, River, dried-up bed. 2351 
Rontgen, Prof., biography, 3242, 4954 
discovery of X-ruys(in 1895), 1147, 3239 
Rontgen rays, effects on the body, 1074 
show the heart beating, 1009 
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Roof, 2302 
Rook, 2497, 2499 

Roosevelt, Theodore, his political posi- 
tion, 2806 
Root, 2224, 2*' 4 5 
as storage chamber, 2132 
growth of, 672-673 
how it grows downwards, 418 
magnified in diagram, 2249 
oak-tree's, 4169 
primary, 2246 
secondary, 22 46 
spiral, 2604 
spread of, 2844 
Root-hairs, 542, 2248, 2218 
how they absorb food, 420 
number relative to foliage, 422 
on bailey, 418 
oil wheat, 2000, 2003 
Root-knot, disease of tomatoes and 
cucumbers, 3151 
Root-pressure, diagram of, 544 
R}pe, used for belting, 2288 
Roraima, Mount, 2833, 3300, 3429 
Rorqual, 2259 
Rosa, Monte. 3306, 3308 
Rose-tree, Dorothy Perkins, 1409 
its fruit, 3808 
leaf, 266 

met hod of propagat ing, 2247 
wild, its prickles, 2182 
Rosetta Stone, 3978 
Ross Barrier, 2953 
Ross, Sir John, biography, 48 )8 
Ross, Sir J. C., biography, 4897, 4897 
Ross, Sir Ronald, biography, 3441 
Uncovered malaria parasite in mos- 
quito, 3442 

pioneer in tropical medicine, 3440 
researches in bacteriology, 232 
work in exterminating malaria, 3445 
work on parasitism, 2901 
Rosse, Lord, biography, 4350 
great telescope, 1138, 1142 
Rotation of crops, loot 
Rotation, speed of earth’s, 2697 
Rotch, maker of artificial humanised 
milk, 1015 

Rcthamsted, its farm, 37, 60), 677 

Rotherhitbe Tunnel, 1203 
Rotifers, 32 

Rotomahana, New Zcnlind, Pink and 
White terraees at, 2172 
Rotterdam, Grand Canal, 2317 
Rouble, Russian coin, 3877 
Rouunnia, increase of exports in 8 years, 
2)21 


Roumama (contd.), railway mileage, 1601 
trade progress in 20 years, 1354 
Round-worm, infesting seals, 2374 
Rousseau, Jean J., biography, 4945, 
4945 

on civilisation, 440 

Rove-beetle, 4300 

Roving-frame, machino used in cotton 
industry, 346 

Rubber, British Empire's growth in pro- 
duction, 491 

fluctuation of prices, 2557 
industry of. 1219-1233 
industry’s future. 2804 
made from wheat. 2162 
plantation in Malay. 489 
synthetic, 2168, 2803 
synthetic, made from turpentine, 2059 
variation in its price, 3759 
why it is dear. 238 
Rubber goods, British exports, 2803 
Rubidium, element, how discovered and 
where found, 524 

Ruby, formed from aluminium, 054 
Rudd, 3692 
Ruff, 2742, 2742 

Ruhmer. Prol. Ernst, invented the photo- 
graphophone, 1814 * 

Runge, maker of aniline dyed, 2798 

Runn of Cutch, 2227 

Running, races evil, 19LL 

Rural housing, 1729 

Rush, method of seed-dispersal, 2971 

Rushlight. 3725 

Ruskin, John, biography, 5025, 5025 
on " I -on,” 650 
on " Wealth,” 4375 
political seer, 2808 
Russia, British investments in. 1000 
coal exports and imports, 2079 
coal resources, 742 
diverse races in, 4006 
growth of merchant marine, 1476 
increase of exports in 10 years, 2921 
men of genius, 638 
mistaken race policy, 639 

a > illation, 231 

way mileage, 1601 
shipbuilding (in 19 LI), 1480 
timber trade, 2667 
t ratio with Britain, 1237, 1241 
trade progress in 20 years, 1354 
while population of European, 4354 
Ruth, 372 

Ruthenium, rare, valuable metal, 650 
Rutherford, Ernest, biography, 453, 459, 
4955, 4956 

work mi radio-activity, 1 152 
Rye, length of seed-life, 2003 


s 

Sable, 1295, 1296. 3139 
in fur industry, 3144 
Saccharine, obtained from coal, 483 
Saocharomyces, 2510 
Sacrum, part, of the backbone, 826 
Safe, fireproof, 3969 
opened by electricity, 4094 
Safety-lamp, 476 

invented by Sir Humphry Davy, 474 
Sagitta, constellation, 4257, 4259 
Sagittarius, star-cloud in, 4264 
Ti illd nebula, 4263 
Sago-palm, 2L33 
Sahara, 3547 
its climate, 3188 
scene on the desert, 3549 
Sarga, 1510 

Sailing-ship, 2527, 2533 
its decline, 1476, 2074 
Sailors, their economic value, 3157 
Sainfoin, length of seed-life, 2003 
8t. Augu'tine, 2151 
St. Bernard dog, 1055 
St. Cloud, its porcelain Industry, 982 
St. Elias, Mount, 3310, 402) 

St. Francis of Assisi, statue. 2086 
preacher of democracy, 2088 
St. George, statue by Donatello. 182 
St. Gotbard, scenes on its railway, 4219 
tunnel, 1207 

St. Helena, her vision, 2149 

St. Ives, bridge at, 3376 

“St. John the Baptist,” picture by Sir J. 

Reynolds, 4188 
St. Hilda, inhabitants of, 565 

5181 
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8ft. Lawrence River, 2314, 2354 
bridge across, 1471 

Sft. Marie's River, logs floating down, 2662 
8ft. Mary's Fall canal, 2313 
Sft. Michael's Bay, its tides, 1900 
Sft. Michael* Mount. 1987 
8ft. Monioa, 2151 
8ft. Moritz Lake. 2948 
Sft. Paul, opponent of woman's advance- 
ment, 884 

Sft. Pierre, Martinique, destroyed by Mt. 

I»cl6c, 4153, 4154 
8ft. Quintin Park, 1906 
Sft. Roeco, great hall, showing Tintoretto's 
pictures, 4371 
Baker, 2854 

Salamander, 295. 3333. 3339, 333 8-3340 
Saleeby, C. w., biography, 4978, 4978 
Salioylio acid, as a food-preservative, 3124 
Salinity, effect, on seaweeds. 4285 
Salisbury, R. D. biography, 4728 
Saliva, its functions, 1424 
its function in digestion, 3237 
Sallow, indigenous to Britain, 4169 
Salmon, how treated at a cannery, 3125 
leaping up stream, 3094 
life-history, 3693 

2 ulnnat, ; 3695 
mon-fishing, by seine, 1110 
Salmon-trout, 3699 
Salpee, 3815 
Salt, Common, 2231 
amount, in the Hcii, 779 
crystallising-bods, 4100 
deposits in Austria, 779 
evaporation pans, 4100 . 4101 
found in normal food, 2273 
indispensable condiment, 3355 
In flesh-fond, 3354 
in the Colorado Desert, 778 
industry, 4099 
method of purification, 4098 
taken by rivers into the sea, 148 
valuable in bartering, 1099 
value in diet, 780 
world’s output, 620, 621 
Salft-cake, used in making glass, 3024 
Salft-crysftals, maguillcd, 973 
Saltern, 4100 

Salt Lake, railway across it., 1457 
Salt-mining. 4098-4114 
Saltnees, how tasted, 2627 
Saits, essential food of plants, 417 
how adapted for plant food, 418 
how retained in tne soil, 288 
percentage in water, 1752 
Salt water, its value to the skin, 834 
Salvage, 1592 
Salvarsan, 4047 
Salzburg, its salt-springs, 2472 
Samangs, nomadic tree-dwellers, 1364 
Samaria, Allah’s palace excavated, 3989 
exca various at. 3987 
8amarskite, 1155 
8ambar, 1416, 1418 
Samoa, 3668 

San Francisco, earthquake (1906), 1340 
San Joaquin, water from river, 2294 
San Pedro River, 2589 
San Thom6, its cocoa plantations, 3614 
Sanatoria, national value of, 3203 , 4312 
Beenes in grounds, 4315 
true functions, 3322 
Sand, bad conductor of heat, 3188 
contains silica, 909 
cncroachincuts of, 1634, 1635 
in desert of Sahara, 3549 
raw material for glass, 3026 
value in soil, 290 
Sand-dredger, 1949 
Sand-dune, 2844 , 3549, facing 3549 
in Northern Germany, 3548 
Sand-fly, 4298 
Sand-glass, 3733 

Sand-grains, under the microscope, 154 

Sand-martin. 2494 
Sand-piper, 2742 
Sand-rat, 2141 

Sand-spnrrey, in sun and rain. 2608 
Sandstone, its permeability, 2405 
where found, 2780 

Sand-viper, 3103 

Sanitation, in the ideal city, 0026 
in the past, 3283 
in villages, 1730 
value of glazed ware, 991 
value to the community, 3405 


, Santa Ana River, 2295 
Santorin, volcano in Mediterranean, 4147 
Sao Paulo, Brazil, its coffee industry. 

3622. 3624 , 3625 
Sap, how it travels, 2253 
why it rises. 1767 
Sapajon, brown, 180 
Sapphire, formed from aluminium, 654 
Saprophytes, definition of, 3210 
value for life, 2840 
Sap-wood, of tree-trunk, 3931 , 3931 
Sarcoma, 4041 
Sardine-fishery, 1108 
Saros, period of eclipses, 2459 
Sarsaparilla, 2030 
its stem, 2362 
Saskatchewan River, 2354 
Satellites, how they revolve round their 
planets, 1262 
Saturn, planet, 23 , 3057 
density, 1258 

path through heavens, 2939 
rings of, 1022, 1023 
theory of its rings, 1263 
tilting of its axis, 1262 
Saurian, 399 

Savage, belief in ghosts, 1721 
i his sense of design, 1335 
Savage Island, Pacific, 3667 
Savagery, expressed by war, 4126 
Savery, Thomas, invented a steam-engine, 
3602 , 3604 

Saving, economic, 3885 
Savings-banks, 3887 
Saw, for cutting stone, 2791 
mechanical, for timber, 2669 
Saw-fish, 3462 
Saw-fly, 3933 
its saws, 3572 
pest of fruit-trees, 3572 
pine, preyed on by Exenterus, 4295 
Saw- mills, 2663 , 2665 , 2666 , 2671 , 2670 
Saxifrage, sticky excretions, 2729 
Scab, disease of apples and pears, 3572 
potato disease, 3329 
Scales, in bulbs, 2133 
Scallops, 3823 
Scalp, its proper care, 1 552 
Scandinavia, its pine forests, 4170 
still rising from the sea, 3436 
Scandium, element,, its properties prophe- 
sied by Mendeldef, 528 
Scapula, or shoulder-bone, 820 , 826 
Soarab-beetle, 1575 
Scarlet-hood, fungus, 3204 
Scent, classification, 2629 
use to a flower, 3087 
Schafer, Albert E., biography, 4979 
physiologist and materialist, 3825 
Schaffhausen, Falls of Rhine at, 3789 
Scharlieb, Mary, 4013 
obstetrician, on alcohol, 4012 
Schaudinn, discoverer of syphilis para- 
site, 3774 

Scheele, Carl W., biography, 4056 
Sohelling, F. W, biography, 5027 
ScheltopuBik, 3219, 3220 
Schemnitz, its tunnel, 1199 
Schiaparelli, biography, 13, 2582, 4851 
Schism. 3525 
Schizo-mycetes, 2839 
Schliemann, Heinrich, biography, 4991 
excavator of Troy, 3986 
Scholes, C. L., biography, 5048 
Schomburgk, Sir Robert H., biography, 
4992, 4993 

School, age to begin, 1132 
ago to leave, 4360 
how to keep it healthy, 1070 
medical inspection in, 3406 
open-air, 444 , 448, 1368 , 1373 , 3321, 
4196 

School-child, recognised by State. 1131 
Sohool clinics, need for their establish- 
ment, 1256 

Schopenhauer, biography, 5027, 5028 
Sshott, Prof., his researches in glass, 
3022 

Schratten, due to erosion, 2830 
Sehnltz, Augustus, discovered chrome- 
tanning, 2904 

Scholze, J. H., discovered sun's effects on 
nitrate of silver, 3484 
Scienoe, application to industry, 457 
effect of its application to industry, 2808 
Scilly Isles, tropical vegetation in, 3191 
Sdn&ia, 2489 


Sclerotio, white of the eye, 2385 
Selerotina, die-hack ^disease of goose- 
berries, 3452 w 

Sclerotium, disease of tubers, 3453 
Scoresby, William, biography, 4994 
Scorpio, constellation, 4257. 4259 
Scorpion, 48, 4177, 4181 , 4181 
fossil, found in Silurian strata, 398 
Scots fir, influence on surrounding life, 
2720 

Scott, Captain R., biography. 4995, 4995 
scenes in AntarctIc t 'M990, 4996 , 4997 
“Terra Nova," ss M 4999 
Scouring, in wool manufacture, 2541 
Seouring-ftank, in wool manufacture, 2542 
Screamers, 2740 
Screw, 4321 

machines that make, 838 , 839 
Screw-Jack, 4321 
Scribbler, wool-machine, 2544 
Sorieve-board, in shipbuilding, 3503 , 3511 
Scrubber, device for cleaning gas, 3848 
Sculling-match, 3005 
Scurvy, cause and remedy, 3118 
infantile, 3232 

Scutcher, machine used in cotton indus- 
try, 342, 343 

Scutellum, of a plant, 2005 
“ Scythe, The Man with the," 411 
Sea, amount of salt it contains, 148 
attracted by mountains, 1991 
condensed from steam, 1865 
effects on climate, 3189 
exploration of its depths, 1581 
great power, 2303 
how its floor is raised, 3431 
in early days, 399 
in primicval times, 139 
invertebrate inhabitants, 3816 
mean depth, 1865 
once in tne atmosphere, 139 
percentage of its salts, 1752 
plant-life In, 2482 
productivity of Ash, 1097 
source of salt, 1 48, 4100 
temperature, 1985 
vast stores of lish, 3575 
waves, 2106 , 2108 , 2109 
where deepest, 1866 
Sea-anemones, 1755 , 3820 
Sea-bear, 2374 
Sea-beds, 1865 
Sea-bream, 3578 
Sea-breeze, 1629 
Sea-centipede, 4179 
Sea-cow, 2256 
Sea-cucumber, 3821 
Sea-eagle, 2855, 2*57 
Sea-elephant, 2380 
Falkland. 2381 
Sea-fir, 4289 4291 
Sea-floor, collector of fossils, 396 
Sea-fog, caused by icebergs, 2953 
Sea-grass, 3821 , 4289 
Sea-holly. 2725 
Seal, Alaskan, 2375 
eared, 2374 
elephant, 2380 
fisheries in Caspian, 2231 


grey, 2377 
hunting the, 3140 
Mediterranean, 2376 
monk, 2376 
structure, 2373 
true, 2374, 2380 
Sea-level, affects rainfall, 2825 
effect if it rose or sank, 1866-7 
lack of constancy, 1991 
Sea-lice, 1574 
Sea-lion, 2374, 2377 
Seal-skin, in fur industry, 3142 
Sea-maft, square-topped, 4291 
their numbers, 1 


1478 


Seamen, 

Sea-mouse, 4178 
Sea-otter, 1301 
in fur industry, 3142 
trapping the, 3147 
Sea-pereh, 3578 
Sea-plants, 4281-92 
their colouring, facing 2489 
Sea-power, its importance to British 
Empire, 4355 

Searchlights, 2880 , 2891 , facing 2893 
Sea-ierpent, 3102 
dominant in Cretaceous Era, 399 
Sea-siokness, its cause, 2747 
Sea-snails, 1285 
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Sea-snakes, 3102 
Seasons, causes of, 33 
defeat etrby florists, 1287, 1400 
how they originated, 2700 
Sea-spider, 3824 
Sea-squirt, 3815 
Sea-trout, 3605. 3699 
Sea-nnicorn, 2262 
Sea-urchin, 1574, 3821, 382 3 
Sea-walls, 2305 

Sea-water, does it give colds ? 574 
Sea- waves, 2107 ^ 

Seaweed, 4282, 4283 
how it propagates, 2849 
source of potash, 3022 
use as manure, 144 1 
will it be a source of leather? 2912 
Secretary-vulture, 2858 , 2859 
Sedges, method of seed dispersal , 2971 
Sedge- warbler, feeding cuckoo, 157 a 
Sedgwick, Adam, biography, 4729, 4729 
Sediment, depth on the earth, 145 
in the ocean, 3430 
preserves fossils. 396 
rate of its deposit, 148 
Sedimentation. 2590, 2592 
Seed, 3806, 3807 
agencies in dispersing, 2844 
borne by wind, 2842 
dispersal of, 2964 , 2965 
endospennous, 2005 
exendospennous, 2005 
hooked, 2845, 2846 
how long it will float, 2971 
marvellous capabilities, 2001 
results, facing 807 
sowu in autumn, 1167 
winged, 2844 
Seed-coat, 2002 
of wheat, 2004-5, 2128 
Seedlings, precautions against moulds, 
3326 

Seed-snipe, 2742 
Seeliger, Hugo, biography, 4852 
Seggar, used In pottery, 986 
Segregation, need for, 2810 
ot diseased and unlit, 3408 
of feeble-minded, 3656 
Seiohes, 2228 ' ’ 

Seine Ashing, 1 1 10 
Seine Tunnel, 1214 , 121 5 
Seismograph, 208, 4156 
“ Selandia,” ss„ oil-engined ship, 1914, 
1019, 1920, 1923. 1926 
Selden, his cottage, 2565 
Selection, altruistic, 1399 
artificial, 1401 
eugenic, 125 
germinal, 1399 
limitations of, 2092, 2239 
natural, 1397 
reproductive, 1399 
reversed, in nations, 633-640 . 
sexual, 1397, 3415 
social, 1100 

Selenium, action on electrical energy, 1814 
used in sending photographs by wire, 
3494 

Self, 2867 

Self-abasement, 3471 
Self-assertion, an instinct, 3470 
Self-oontrol, 3704 
to be learnt at adolescence, 1496 
Self-pollination, 3086, 3690 
Self-preservation, not the first law of 
Nature, 4 10 

Self-regard, its psychological value, 3709 
Selkirk, Mt., Rocky Mountains, 4209 
Semolina, 3119 

Senegal, trade progress in 10 years, 1356 
Senility, 1671, 4084 
curable microbic disease, 76 
suggested cause, 3479 
Sensation, 1787, 2265 
association of. 299 1 
effect on emotion, 3350 
kimesthetic, 2746 
organic, 2744 
their variety, 2869 
Senses, care and education of, 3711 
in insects, 3933 
inner, 2743 

Is there a sixth ? 2743 
lesser, 2623 

man’s extension of, 197 
muscular, 2746 
Sensibility, 2744 


Sensitiveness, of plants. 2605 
Sensori-motor area, in brain, 2019 
Sentence, value of deferred, 3645 
“ Sentence of Death,” by Hon. 
Collier, 3199 

Sepal, part of finwer, 3682. 3683, 3684 
Separator, in dairy, 3263, 3266 
Sepia, 3465 

Sepsis, arrested by Lord Lister, 3795 
Septoria, attacking celery, 3455 
disease of tomatoes, 3450, 345 1 

Sequoia-tree, 1175, 2657 
Seracs, on a glacier, 2949 
Sereimi, 273£ 

Serow, 1533 

Serpentine, use for swimming, 832 
Serpula, 4178 
Serval, 434 

Servetus, Michael, discoverer of pul 
nionary circulation, 1062 
Servia, railway mileage, 1601 
trade progress in 20 years, 1354 
Services, Public, 3036 
Setter, dog, 1054 
Severn Tunnel, 1210 
Sevres, its porcelain industry. 982 
Sewage, value as manure, 926, 1451 
Sewage farm, 924 

Sewers, essentially a monopoly, 3519 
in relation to hygiene, 3283 
Sewing-cotton, magnified, 973 
sold by a combination. 3521 
Sewing-machine, Howe’s invention, 479.: 

United States’ exports of, 2678 
Sex, balance, effects oil society, 495 
contrast marked in insects, 660 
determination of, 495 
early influence in abnormal children, 
3638 

c/fcct on boyhood, 44 1 
evil of antagonism, 660 
evolution of, 659 
importance in biology, 2356 
in unicellular forms, 659 
Mendel inn ‘character, 2477 
Sex-emotion, 3174 
Sextant, 3732 
taking the sun by, 3730 
Shackleton, Sir E.. biography, 4098, 5000 
“Nimrod," ss., 4999 
Shad, 3576 

Shaft, of gold-mine, 8 58 

Shaftesbury, Lord, biography, 41)47, 4949 

Shag. 2613 

Shakespeare, William, his house, Strat- 
ford-on-Avon, 2568 
Shale-oil, retorts, 2169 
Shanghai, lumber-yard at, 2665 
Shap, its granite quarries, 2780 
Shark, 3458 
blue, 3450 
elfin, 3460 
porbeagle, 3458 

Sharman, A. W., biography, 4949, 4949 
Shasta, Mt., its lava cave, 3907 
Shearing-shed, 2539 
Shearwater, 2621 
Sheath-bill, 2742 
Sheena River, 1473 
Sheep, 3352 
dipping, 2538 
domesticated, 1056 
Empire’s growth in production, 491 
in Australia, 1832, 2536 
number in Empire, 41)0 
number in (ircut Britain, 490, 1056 
shearing, ‘2539 
source of wool, 2535 
types supplying wool, 2551 
value to man, 933 
various breeds, 1056 
world’s Hocks, 1835 

Sheep-breeding, wonderful results, 1056 
Sheep-dog, 1052, 1053 
Sheepskin, a source of leather, 2912 
Sheet-glass, 3026 
Sheffield, poster on alcohol, 4317 
Sheldrake, 2739, 2741 
Shell-plates, in shipbuilding, 3514 
riveted by pneumatic tool, 3512 
Shells, builders-up of rocks, 3666 
source's of Britain’s supplies, 2559 
why found on the Alps, 268 
Sheiingham, sea-defence at, 2303 
Sherrington, C. S., on the physiology of 
attention, 3111 
Shield, plant, 2005 


Shield, in tunnelling. 1199 
men at work in, 1206, 1207, 1208 
Shield-budding, 1648, 1650 
Shingle, ns breakwater, 2111 
Ship, sailing, 2533 
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Shipbuilding, 3499-3515 
Britain’s chief customers. 1480 
British supremacy in, 2678 
cost of materials iu the United Kingdom, 

8i J 

diagram of section through shed. 3511 
fillet nations in, 1479 
number of British employed, 873 
shed of “ Mauretania.'' 3198 
where carried on in Britain, 1481 
year’s production in the United King- 
dom, 873 

Shipperke, dog, 1052 
Shipping, annual British earnings, 1475 
British oversea trade in, 997 
value of services of British, 1001 
world’s, 1475 
Shipyards, British, 1479 
Shirt, its hygienic value, 1553 
Shoddy, 2544 

in wool manufacture. 1834 
value us manure, 926 
Shooting-stars, part of solar jiyrdem, 1021 
Shoots, 1524 , 1525 
Shopkeeping, co-operative, 3522 
Shore-crab, 3822 
Short-sightedness, 3712 
reason for, 2386 
Shot-firing, 2415 
Shoulder-blade, or scapula, 820 
Shoulder-girdle, 824 
Shower-bath, in a school, 1253 
Shrew. 1176 
musk, 1181 
well-footed, 118L 
Shrew-mole, 1178 
Shrew-mouse, 1181 
Shrike, 2498 
Shrimp, 3824 
Shrimp-trawl, 1098 
Shrinkage, ejects of the earth’s, 3430 
Shrub, 2252, 3925 

Shuman, Frank, inventor of sun-power 
plant, 1094, 4326 
Siam, postman of, 1821 
Siberia, coal resources, 748 
gold-mines, 854 
rivers, 2352 

witch-doctor in Arctic, 3923 
Sickness, a national loss, 3403 
preventive measures, 431 L 
Sick-room, its hygiene, 953 
Siderites, definition of, 3301 
Siedentopf, Dr. H., maker of ultra- 
microscope, 975 

Siemens, Ernest W., biography, 5019 
produced mild steel (1875), 3503 
Siemens. Sir William, biography, 5050 
bis dynamo, 5051 
his governor, 5050 
made producer-gas, 38 1 i 
Siemens- Martin, in steel-making, 224 
Sierra Leone, freed from malaria by 
Sir It. Ross, 3446 
Sierra Madre, 3310 
Sierra Nevada, 3310 
Sieve-tnbes, in a stem. 2253 
Sight, in tlie. spider, 4185 
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Sigillarias, source of coal, 912 
Signals, railway, worked by compressed 
air, 2647 

Signatures, in herbalism, 2029 
Silicon, abundant in earth’s crust, 271 
basis of precious stones, 909 
characteristics, 908 
necessary for plants, 417 
percentage in water, 1752 
where found, 908 

Silk, artificial, 2172, 2173 , 2656, 3752 
British imports and exports of, 2679 
British oversea trade in manufactured, 
997 

cocoons, 3744, 3745 
factory in Japan, 745 
fluctuation of prices, 2556 
industry, 3737 

processes of manufacture, 3747 
sources of Britain's supplies, 2559 
Silk-moth, 3738, 3739 
Silk-thread, magnified, 973 
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Silkworm, 3736-3746 
disease of, 3077 

Silurian Era, its tonsils and place, 390 
Silver, characteristics, 657 
difficulty of extraction, 056 
Empire’s growth in production, 491 
melting-point, 040, 657 
output of Greater Britain, 485 
standard of value, 3876 
world’s output, 020, G21 
Silver-fox, in fur industry, 3144 
Silver-mines, where situated, 057 
Silver-weed, hairy growth on its leaf, 
2437 

its leaf. 2366 

Simon, Sir John, 3286 
Simoon, 1031 

Simplon, the road over, 2423 
Simplon Tunnel, 1207 
Simpson, Sir James Y., biography, 4981 
discovered chloroform, 3076 
hfs first test of chloroform, 3677 
Bimulium, conveyer of pellagra, 3562 
Sinai, Mount, 3305 
Sinibaldi, symbolical picture by, 493 
Siphonophora, 3819 
Siren, 3340 
Sirenia, 2255 

Sirius, the Du* Star, 3543, 3658 
a binary, 3899 
has changed colour, 3777 
orbit of its companion, 3901 
Siroeeo, hot wind, 3189 
Siskin, 2498 
Sitodrepa panicla, 4300 
Situtunga, 1535 

606, discovered by Prof. Ehrlich, 3921 
Skate, 3464 

Skeleton, of man. 820 , 822 
Skidway, for log-hauling, 2659 
Skill, a basis of trade, 3398 
Skim-milk, food for calves, 3256 
industrial uses, 3268 
Skin, human, diseases, 1073 
excretions soil the air, 446 
how it feels, 2625 
how it should be cleansed, 099 
protected by clothes, 1430 
sections of, 176 5 
waterproof, 698 
Skin-cells, 1182 

Skin-colour, environment modifies, 441 
Skin-dressing, 2899 
Skink, 3221 , 3221 
Skins, British overseas trade in, 997 
sources of Britain’s supplies. 2559 
Skirt, the healthy type, 1076 
Skjervefos, waterfall, facing 3793 
Skua, 2620 
great, 2621 

Skull, anatomical construction, 827, 828 
easy alteration in shape, 440 
man’s, 823 
Skunk, 1291, 1298 
in fur Industry, 3146 
Sky, mackerel, 2710 
why it is blue, 975, 1386 
Sky-soraper, 1331, 1339-43, 1346 
Flag, used in cement manufacture, 1439 
Slaniou, Human ia, salt-mine, 4105 
Slate, how formed, 2794 
sources of Britain’s supplies, 2559 
Slate-quarry, 2782, 2783, 2784 
Slave system, among fanning communi- 
ties, 1843 

in ancient Greece, 2086 
Sleep, 1191 

child’s time of growth, 3834 
plants’, 2606 

promoted by darkness, 1073 
right kind of, 70 
some of its problems, 1311 
" The Tired Child,” 3835 
unimportance of duration, 72 
Sleeping-sickness, 3559 
trvpanosomes causing, 2963 
Sleep-walking, 4072 
Slide-rest, used in machine-tools, 842 
Slide-valve, invented by William Mur- 
dock, 3607 
Sling-fruit, 2966 

Slipner, Dr., his spectrographs, 1259 
cSliver, wool, 2545 
Sloth, 300 

f iant, 40 
wo-toed, 297 
Slotting machine, 849 
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Slow- worm, 3094, 3219, 3220 
Slabbing, operation in cotton industry, 
345, 348 

Slug, attacking young plants, 3448 
grey, 1574 

how warded off by plants, 2729 
Slughi, or Persian greyhound, 1054 
Slug worm, 3572, 3573 
Slum, 4158 

Acts for abolition, 3288 
cause of disease, 321, 1733 
child life In, 512, 3407 
clearance of, a national duty, 1855 
distinctive type of its people, 3408 
effect on death-rate, 1013 
life in, 2570 

working class opinion of, 2086 
Smacks, fishing, 1097 
Small holdings, 1966 
Small-pox, 2094 
inoculation for, 3916 
same disease os vaccinia, 3081 
treatment by red light, 1073 
Smell, centre in brain, 2020 
in insects, 3089 
man’s loss of the faculty, 694 
nerves in nose, 2622 
organs of, 2028 
Smelt, river fish, 3699 
Smelting, 214 

Smiles, Dr. S., on thrift societies, 3888 
Smith, Adam, biography, 5029, 5029 
Smith, Franois P., biography, 5051 
Smith, Capt. John, biography, 5000 
nurriuge with Pocahontas, 5001 
Smith, Dr. J. H., experimenter in colour- 
photography, 3497 

Smith, Southwood, pioneer in public 
health, 3288 

Smith, William, biography, 4730 
father of English geology, 395 
Smithfield Market, cold storage at, 3133 
Smoke, a food-preservative, 3123 
an enemy to health, 1077 
Smoke-helmet, 3973 
Smoking, 2275 
Smolt, young salmon, 3696 
Smooth-hound, 3460, 346 L 
Smudges, obviate frost-bite, 1289 , 1290 
Smut fungi, 3329 
on wheat, 3330 

Smyth, Charles P., biography, 4853 
Snail, eyes of, 1160 
how warded off by plants, 2729 
Snake. 3093, 3094, 3096 
susculapiaii, 3101 
black-marked, 3101 
cat, 3102 
colubrine, 3101 
tour-lined, 3101 
man’s fear of, 188, 3469 
poison-fangs of, 3094, 3098 
ringed, 3101 
smooth, 3101 
water, 3101 
wood, 3101 

Snake-bite, deaths from, in India, 3094 
Snake-charmer, Indian, 3092 
Snapdragon, its stamen, 3682 
Snapper, 1891 
Snipe, 2742, 2742 
Snow, 522 

crystallisation of water, 2945 
1 in North Algeria, 3185 
in Switzerland, 2347 
reservoir of water, 2345 
I steady evaporation, 2946 
why red in places, 2954 
Snowdrop, 1171 
Snowflake, 135 
Snow-goose, 2739 
Snow-leopard, 431, 433 
Snow-line, its varying height, 2940 
Snow-plough, on an electric railway, 4215 
Snuff, English consumption, 3870 
Soap, British imports and exports, 2804 
effect on the skin, 701 
made from wheat, 2162 
multifarious business, 873 
Soap-bubble, pierced by a bullet, 1566 
Sobrero, Inventor of nltro-glycerine, 2402 
Sooi&l democracy, in Germany, 2806 
Socialism, French, 2324 
lacks progresslveness, 2446 
opposed to individualism, 2809 
organised by the Queehuas, 1362 
tendency of, 2443 


Socialist Party, 2682 

Socialists denounce S*ndlcalism^2686 

SOCIETY 

The following aro the actual heading* of the 
chapters in this group In their consecutive order 
through the first six volumes of this work. The 
subjects aro also dealt with In their proper places 
I11 the index. 

How man goes on tor ever, 113 
Th«* first human families, 241 
One man and one woman, 365 
The minority of me^| 495 
The marriage problem, 625 
The triumph of woman, 751 
Woman’s place in the sun, 879 
The future of woman, 1003 
Society in the making, i 121 
Public opinion— dictator, 1243 
Utopias of the Redskins, 1361 
The evolution of society, 1483 
Tile origin of kingship, 1603 
The reign of the ghost, 1721 
The ownership of land, 1841 
The land and the people, 1961 
The religion of liberty, 2083 
Society and inventors, 2203 
The revolt of labour, 2323 
What socialism lacks, 2443 
The problem of poverty, 2561 
Successes of democracy, 2681 
Problems of democracy, 2805 
The ideal modern city, 2923 
A sound use of the laws, 3043 
Citizenship as a study, 3163 
Society and disease, 3283 
Public health to come, 3403 
Society and crime, 3525 
Reclamation from crime, 3613 
The state and the poor, 3705 
Social aspects of thrift, 3845 
A glance at nationalism, 4003 
The tragedy of war, 4125 
The peace of the nations, 4243 
Shall we be one family ? 4363 
Society, how affected by love, 369 
rests on fellowship, 112 
Society Islands, 3668 
Sociology, sum of other sciences, 1970 
Socrates, biography, 5031 * 
death of, 406 
on death, 413 

Soda, used in glass-making, 3024 
great Industrial value, 1448 
Leblanc's plant., 4784 
scientific production of. 4110 
sulphate of, extracted from brine, 4101 
Soddy. Frederick, biography, 4957 ,4957 
prophecy of world’s future, 1273 
work on radio-activity, 1152 
Sodium, forms in which it appears, 780 
found in chlorine, 779 
lighter than water, 649 
plasticity, 649 
present in the sun, 262 
salts a food of water-plants, 417 
Sodium carbonate, where found, 780 
Sodium chloride, percentage in water, 
1752 

Sodium nitrate, artificial, 78 L 
percentage in water, 1752 
value as manure, 780 
Sodium stannate, used in making Non- 
Flam, 3906 

Sodium sulphate, percentage in water, 


Soerensen, Prof., inventor of a windmill, 

2522 , 2526 

Soil, carried by water, 161 
carried by wind, 161, 288 
chemical analysis, 287 
enriched by fallen leaves, 4169 
ever changing, 162 
exhaustion in United States, 238 
how formed, 161, 286 
how it moves, 165 
influence on trees, 4051 
made by lichens, 161 
radio-activity of, 1154 
renovation of, 1293 
source of wealth, 669 
varying capacity tor heat, 3188 
virgin, 288 
when perfect, 288 
worn away by rivers, 2352-3 
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Solar system, 1137 
component parts, 1020 
di&metd^ 1021 
in one plane, 1260, 1261 
isolation in space. 1018 
theory of, Prof, Bickcrton's, 1497 
Soldiers, economic value, 3157 
in bivouac, 3486 
Sole, 3570 

valuable trawl-fish, 1107 
Solenodon, 1180 , 1181 
Solicitor, his fees nokcompctitivc, 3517 
Solids, how their molecules behave, 1025 
Sollas, W. J., biography, 4731, 4731 
his coral-boring experiments, 3671 
Solomon Islands, 3668 
Solstioe, Rummer and winter, 3180 
Solvay, Ernest, 1446 
ammonia-soda process, 4110 
Solway Moss, 2235 

Somerset, Edward, biography, 5066, 5067 
invented steam-pump, 3604 

Soo Canal, 2313 

Soo-chow, Won-man bridge at, 3377 
Sorby, H. C., biography, 4733 

Sorgues oi Vaucluse, 2585 
Soul, 2270 

care of its health, 3833 
existence attested by philosophers and 
poets, 4310 

importance in human nature, 287 1 
Myers on the science of, 4306 
personal nucleus of psychic life, 3832 
relation to mind, 2270 
Sound, 2501 
form of energy, 642 
waves of, how recorded, 1801 
“ Sound of Jura,” ss., oil-driven schooner, 
1924 , 1925 

Soup, effect on gastric juices, 3354 
Sourness, how tasted, 2627 
South Africa, British investments in, 1000 
coal exports and imports, 2079 
coal output, 486, 487 
exports and imports, 1115 
need for white copulation, 4354 
* uydning of its first Parliament, I486 
population, 1114 
principal experts, 492 
production of gold, 853 
railways, 1597, 1601 
trade progress in 20 years, 1350 
South Amerioa, affected by Panama 
Canal, 2200 
future population, 233 
increasing trade, 4358 
rive.* in, 2354 
shipbuilding (1911), 1480 
water-power in, 749 

South Atlantis, Paheozoic continent, 402 
Southern Cross, constellation, 4257. 42 59 
Southey, Robert, bis birthplace, 2567 
Southsea, concrete piles at, 2303 
Sowbread, 1773 
Sow-thistle, 2725 
its leaf, 2366 

Space, its three dimensions, 2749 
Spain, coal exports ami imports, 2079 
emigration, 4359 

growth of its merchant marine, 1476 
how it thwarted Napoleon, 4005 
increase of exports in 10 years, 2921 
railway mileage, 1601 
reason for her decay, 2326 
trade progress in 20 years, 1354 
trade with Britain, 1238, 1241 
wealth in iron-ore, 743 
Spaniel, Blenheim, 1053 
Ki ig Chiu las. 1053 
various breeds, 1054 
Spark, Electric, 389, 3718 
Sparrow, 2404 
Java, 2974 

Sparta, example of conservatism, 116 
“ Speak, speak ! ” picture by Sir J 
Millais, 3952 

Species, balance in Nature, 2717 
now they originate, 2239 
test for, 437 

Spectacle*, their invention, 964, 3022 
Speetro-heliogram, 201 
Speetro-heliograph, 1090, 1982 
Speetrosoope, 202, 203, 1978 
detects minutest, traces of elements, 524. 
% how It has solved nebula), 518 
invented by Sir I. Newton, 200 
records stellar movements, 4019 


Spectroscope (oontd.), revealer of binaries, 
3900 

revealer of comets, 3425 
revealer of the stars, 3657 
revealer of the sun, 1863, 1979 
use in eclipse observations, 2462 
Spectrum, continuous and discontinuous, 
1979 

how spread out, 2100 
of meteorites, 1260 
of nebula), 1 1 39 
of planets, 1259 
Speculation, 3279 
in cotton, 1715 
in iron industry, 1959 
Speech, centre in brain, 2018, 3223, 3227 
Speed, marvels of, 30UI 
record by a motor-car, 4337 
symbolic picture, 3000 
Speke, John H., biography, 5302, 5002 
scenes on his travels, 5003 
Spencer, H„ biography, 5/5, 5032, 5033 
Fiis gospel, 1157 
iiis praise of marriage, 628 
not a materialist, 1 163 
on human societies, 1484 
on physical education, 3236 
on survival of the fittest, 1281 
Spermatozoida, in bladdcnvrack, 1S72 
Sperm-whale, 2254 

Spheerella nivalis, alga making snow red, 
2954 

Sphenodon, 298, 3213, 3214 
Spberia hypoxylon, 4168 
Sphex, 3942 

Sphinx, terrace at Karnak, 3985 
Spica, rate of motion, 4019 
Spice, British imports of, 2437 
Spice-bird, 2978 
Spider, 661, 4177, 4181 
bird-eating, facing 4183 
details of its anatomy, 4176 
egg-cocoon, 4182 
trap-door, 4182 
water, with nest, 41S2 
web of garden, 4183 
Spider- monkeys, 177 
red-faced, 18 L 

Spielman, John, early maker of paper, 602 
Spinal cord, 1897, 1901, 1902 , 1903, 2624 
how nerves are attached, 2622 
Spindle, how invented, 75 4 
number in the world, 1711 
Spine, 2724 

Spinneret, of a spider, 4176 
Spinning- maehine, in wool industry, 2546 
Spinning-mule, machine used in cotton 
industry, 347, 348,2544 
Spinoza, Baruoh, biography, 4309, 5034 
Spinthariscope, 1148, 1266 
devised by Sir VV. Crookes, 1270 
Spiral nebulm, 150 L 
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Spirillum, parasite of relapsing fever, 3562 
Spirit, methylated, 2509 
Spirits, British imports of, 2437 
Spirit-world, believed in by Moustcrians, 
1126 

Spirochoete pallida, parasite of syphilis, 
3774 

Spleen, 1544 
Spiilgen Pass, 2432 
Spongaspora scabies, 3449 
Sponges, 3817 
branching, 3818 
diving fur, 1582 
form of society, 1485 
found in Cambrian strata, 398 
glass- rope, 3817 
harhourcr of dirt, 701 
realised as animals by Aristotle, 1033 
spicules of. 912 
Spoonbill, 2738, 2738 
Sporangium, 3210, 3325 
Spore, of algie, 2849 
produced by fungi, 3208 
Spore-heads, of mould plants, 3209, 3327 
Sporozoa, 3817 
Sport, 1759 

competitive, condemned, 1911 
Sport*, in biology, 2237 
in plants, 1 403 

“ Sportsman, the Sleeping,” 1792 
Sprat, 3577 
Sprat-ftshing, 1108 
Spray. 1512 

Sprengel, discoverer of picric acid, 2414 


Spring, the season, associated with human 
marriage, 367 

prepared for by autumn, 1172 
Springbuck, 1539, 1540 
Springs, 724, 2405, 2467, 2469, 2585 
brine, 2572 
Gideon's. 2469 

govern man's settlements, 721 
in chalk, 720, 2470 
intermittent. 2466, 2467 
mineral, 2472 
petrifying, 2470 
salt, 2172 

source of river, 2348 
source of River Jordan, 2348 
surface*, 2468 

thermal, how caused, 2466, 4025 
Spring-tide, how caused, 1989 
Sprinkler, automatic lire, 3966, 3972 
Spruce-tree, 2657 
its length of life, 4172 
when introduced into Britain, 4109 
Sputum, conveyer of diseases. 3561 
Squaeoo, heron, 2736 
Squalls, their meteorological cause, 3368 
Squids, 3463, 3465 
Squint, cause in eyesight, 3713 
Squirrel, American Hying, 1774 
American grey, 1774 • 

English, 1774 
fur industry. 3146 
ground, 1656, 1658 
Japanese Hying, 1774 
radiograph of, 3241 
red flying. 1771 
spiny, 1777 
sugar, 2011 

Squirting cucumber, 2966 
seed-dispersal of, 2967 
Srinagar, log bridge at, 3377 
Stag, Kashmir, 1415 
red. 1410, 1414 
Stag-beetle. 4292, 4300 
“ Stair, The Golden,” picture t>y Sir E. 

Burne-Jones, 1132 
Stalactite, 1751, 2470, 3911 
how formed, 1750 
Stalagmite. 1751, 2470, 3911 
how formed, 1750 
in Grotto of Antiparos, 3910 
Stalk, of a seed, 200 L 
Stamen, 3683 

cross-section of arum, 3688 
of white water-lily, 30 S 6 
part of flower, 3682, 3684 
Stanage Edge, Roman causeway at, 2418 
Standard bread, 3116 
its value as food, 1136 
Standardisation, cheapens articles. 3396 
Stanley, Sir H. M , biography, 5004, 5006 
his birthplace, 2568 
meeting with Livingstone, 5005 
Stapes, bone in the ea., 2502 
Stapedius, muscle in the ear, 2503 
Staphylococcus, microbe producing hlood- 
poisouing. 3797 
Star ; see Stars 
Starch, as plant food, 2130 
assimilation by leaf, 237 L 
from grain of wheat, 2162 
how produced in plants, 416 
indigestible by infants, 1011 
Starch-grains, in orchid root, 2132 
in potato, 2132 
in wheat, 2004-5 

Starcb-granuleB, their various forms, 2132 
Star-clusters, 515, 3782, 4137 
Messier 13, in Hercules, 4265 
Starfish, 1574, 3818, 3821 
earliest fossils ill Silurian strata, 398 
Starley, James, biography, 5053 
the safely bicycle, 5053 
Starling, 2496 
Stars, 3657 
carbon, 3662 
change among, 4017 
changes in their light. 1499 
collisions between, 261, 1498 
colours, 3777 
dark, 3783 

dark, can lx; weighed, 260 
double, 3543, 3897, 3901-4 
grouping. 3897 
helium, 3659 

how their distances are measured, 4021 
movement, 769, 898, 1019, 1618, 1619 , 
1620 
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Stan (contd.), novm, 3782 
number and magnitudes, 8530 
shooting, 3207 
Milan, 3058 
solar, 3658 
time-measurers, 3720 
variable, 3778, 3779 , 3780 , 378 P, 3783 
vary in colour, 510 
Station, Meteorological, 3368 
Stanbbaoh Falls, Switzerland, 3792 
Steam, ejected by volcanoes, 4033 

g enerated by son-heat, 1004 
ow it works the turbine, 324 
liow to economise, 1437 
obtained from rubbish, 1442 
Steam-coach, 4339 

Steam-engine, development and inven- 
tion, 75, 3604 

four-cylinder triple-expansion, 3G09 
horizontal, 4327 

maker of modem England, 3599 
Newcomen's, 3603 
of the Comet, 3605 
principle of its working, 3607 
rcvolutioniser of the world, 1915 
Savory’s, 3602 
Steam-hammer, 3608 
Nasmyth’s, 3501, 4935 
Steam-navv# 1939 
Steam-power, 2282 
produced by Honccourt boiler, 3600 
Steam-roller, 2425 

Steamship, “ Clermont,” built by Fulton, 
4671 

increase in recent, years, 238 
its progress, 2074 
Symington's, 3500 
Steam-shovel, 1944 
Steam-turbine, 3601 
Steel, American Corporation, 3637 
constituents, 213 
differs from iron, 213 
experiment proving its plasticity, 649 
high speed, 3000 
how affected by Arc, 3969 
how toughened and hardened, 4351 
preferable to iron in ships, 3503 
production of chief nations, 2675 
qualities of, 213 

rare elements used in manufacture, 525 
under NaHiuyth hammer, 3501, 3608 
use in agriculture, 226 
use in building trade. 223, 1335 
used In cutting metnl, 846 
Steel-work, how It. behaves in Arcs, 3968 
Stefansson, V., biography, 5007, 5007 
Stegomyia ealopus, a mosquito carrier of 
yellow fever, 3558, 3561 
larva, 3560 
Stegosaurus, 399 

Stein, Sir Maro A., biography, 6008 
his excavations in Turkistan, 3993 
Steinmets, Dr. C. P., electrical pioneer, 
4096 

Stelvio Pass, 2432 
road over, 2430-1 
Stem, 2245 
hairs on, 2370 
i herbaceous, 2252 
In section, 2252, 2253 
structure, 2252, 2362, 2365 
tinning, 2250, 2251 , 

woody, 2252 

Stephenson, George, biography, 1596, 
5053, 6064 

his birthplace. Wylum, 2568 
Locomotion. 5040 
Rocket, 5040 

Stephenson, Robert, biography, 5055, 
5056 

Steppes, 3548 
in Old World, 3551 

Stereo-ohemiitry, founded by Pasteur, 
3075 

Sterilisation, effects on microbes, 3077 
eugenic problem, 2814 
iti milk industry, 3263 
of foods, 3125 
of surgical appliances, 3799 
Steriliser, for milk. 2992, 3262 
Sterling, Canada, ideally planned, 2924 
Sternnm, or breastbone, 820, 824 
Stethoaoopo, 1069 
Stevenson R. L„ 1668 
Stieklebaek. 3457 
how it guards its young, 627 
three-spined, 3701 


Stigma, a part of Aower, 3684, 3687 
begonia’s, 667 
foxglove’s. 3682 

penetrated by pollen tubes, 3685 
SiUfc. 2742 
Stilton cheese, 3271 
Stimulants, unnecessary, 73 
Stimulation, needed by the body, 1073 
Stinging-nettle, its leaf, 2366 
Stirling Waterfall, New Zealand, 3787 
Stirrup, bone in ear, 2500, 2502 
Stoat, 1295, 1296, 1298 
in fur industry, 3146 
Stock-breeding, 78 

Stocks, at Haveringland, Norfolk, 3769 
Stoioism, an evil doctrine, 1789 
Stokehold, boiler explosion in, 3598 
Stokes, Sir George, biography, 4958, 4968 
Stomaoh, 1420. 1421 
radiograph or, 3248-9 
Stone, dressing, 2783 
quarrying, 2776, 2777 
sources of Britain’s supplies, 2559 
Stone Rivers, Falkland Islands, 2833 
Stonechat, 2490, 2497 
I Stonecrop, 162 
Stone-flies, 4301 
Stone-frnit, 2848, 3805 
Stonehenge, association with time, 3721 
Stone-masons, 2795 
Stone-quarrying, 2776 
Stoneware, 978 
“ St ope,” in a gold-mine, 859 
Storage battery, of submarine, 2767 
Stork, 2736 
great white, 2735 
Stork’s-bill, 2967 
Storm-centre, deflnltion of, 3367 
Storm-clouds, 1091 

Straits Settlements, trade progress in 20 
years, 1355 

Strassburg, its cathedral clock, 3723 
Strata, 3430 

affected by pressure, 274 
difAeulty of examining, 395 
how formed, 3431 
Stratification, in mountains. 3430 
Str&to-cumulus cloud, 2712 
Stratus cloud, 2713 
Straw, source of paper, 604 
Strawberry, cultivation, 2178, 2189 
how it spreads, 2849 
leaf-spot disease, 3453, 3454 
self-layering runners, 1646 
under glass, 1289 
various kinds, 2184 
wild and cultivated, compared, 1405 
Street, Robert, inventor of a gas-engine, 
3844 

Street, cleansing and watering of, 3288 
microbes it contains, 575 
Street-dust, its composition, 446 
Street-trading, conducive to crime, 3644 
Streptococcus, microbe enemy of mother- 
hood, 3803 

microbe of blood-poisoning, 3797 
“ Strike, On,” by H. ITerkomer, 2322 
Strikes, their results, 2325 
Strokhr, Icelandic geyser, 4027 
Stromboli, volcano, 4030 
in eruption, 4147 

Strutt, Hon. J. R„ biography, 4050. 4959 
Struve, Otto Wilhelm, biographv. 4854 
Struve, Wilhelm, biography, 4855 
Stryohnine. its medicinal value, 2029 
Ftuart, J, M„ biography, 5009 
Stump-tail, 3221 
Sturgeon, 3699 
Style, part of flower, 3684 
Stylopidee, parasitic beetles, 4301 
8tymphalu ( River, 2585 
Submarine, 2758-2775, 2759 
causes of disasters to, 2774 
D7, 1928 

Diesel oil-engines, 1926 
Atted with wireless telephone, 702 
how aeroplanes discover them, 90 
Lake, 2771 
range of, 2768 

section, showing parts, 2765 
wireless Installation on, 2043 
with aeroplane, facing 3016 
Snbmcrgenoc, due to volcanoes, 4035 
Subsidence, due to salt workings, 4114 
Snbsoil, formed from rock, 164 
Suction-pump, its principle, 2639 
8udd, 600 


Sness, Edward, biography, 4734 
Snei Canal, as a t rade route, 2195 
compared with Panama, 1949V 
its Anances, 2196 
Sngar, British imports of, 2437 
chemical constitution, 2510 
Empire’s growth in production, 491 
fuel of muscles, 046 
how produced in plants, 416, 1772 
industry, 4221-33 
synthesised, 2173 

MB Also Bin AMD C/KB 

Sugar-birds, 2080 11 
Sugar-cane, 4221, 4237 
cultivation and reAnlng, 4220, 4236 
plantation in Jamaica, 488 
Sugar-refinery, rcfrigerating-machlnct in, 
3137 

Sugar-squirrel, 2011, 2013 
Suggestibility, in man, 3584 
in relation to hypnotism, 4071 
Suggestion, action on the mind, 1312 
conveyed by clothes, 3586 
effect on appetite, 3236 
Suicide, often due to insomnia, 1311 
8ulci, of brain.1904 • 

Sullivan, Dr. w. C., his investigation of 
drunkenness, 4010 • 

Sulphate, in water, 1750 
obtained from coal, 483 
Sulphate of ammonia, by-product of gas- 
prodneer, 3849 

manure, 926, 929, 930, 931, 4089 
Sulphate of lime, in water, 1750 
Sulphate of soda, extracted from brine, 
410L 

Sulphide of iron, in sca-inud, 187« 
Sulphites, as food-preservatives, 3124 
Sulphonal, dangerous drug, 2158 
no cure for insomnia, 1314 
Sulphur, characteristics, 910 
in protoplasm, 280 
industrial value, 1450 
value as a drug, 2030 
where it is found, 910 
Sulphuretted hydrogen, constituents, 908 
Sulphuric acid, absorbed by rain, 28ffiP BC » 
given off by coal, 1450 
its many uses, 910 * 

value in commercial chemistry, 787 
Sulphurous acid, as a food preservative, 
3124 

Sumach, as a tannage. 2913 
Sumerians, early race of Babylonia, 3978 
Summer, why warmer than winter, 1386 
Sun, 201, 1737 
absorption of its rays, 3187 
action on microbes, 448 
affects climate, 3 L83 
amount of energy it produces, 1857 
analysis of its contents, 1977 
annual contraction, 145, 513 
atmosphere, 1980 
bright patches on, 1981 
chromosphere, 2097, facing 2097, 2098 
corona, 2103, 2105 
density, 1258 

driving an engine, 1093, 1094, 1095 
eclipse, 2098, 2457, 2459, 2460, 2461 
electrifies the air, 2034 
elements it contains, 524, 1090 
energy of hcat-rnys, 264 
Aames, facing 2097-2103 

K Rational force, 777 
in clouds, 2712 

heat tempered by atmosphere, 1386 
how long has it been shining? 149 
inAucnce on earth, 4270 
inAuence on plants, 1172 
life prolonged by its radium, 4270 
losing its energy, 4277 
movement through heavens, 4017 
pigmentation of man, 441 
place in universe, 1617 
possible outbursts in, 4276 
power, 84 
prominences, 2098 
radio-activity, 1862 
relation to planets, 1378 
seen from Mercury, 2578 
shrinking,' 1860 
source of its heat, 1140, 1857 
spectra, 2099 
tidal force, 1088 
total heat, 3183 
visible after setting, 1389 
Sun-bath, medicinal value, 834, ,1071 
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Sunbawa, volcano, 4032 
Sunbeams 2709 
Son-bittern, 2732 , 2733 
Son-clusters, 4137 

Sonia Strait, duo to volcanic explosion, 
4032 

Sundew, 2609 , 26 JO, 2010 
feeding on an insect, 1520 
Bun-dial, 3722 
at Wimbome, 3725 
In St. Sulpice Churtjh, Paris, 3724 
pocket, 3725 

Sunflower, transpiration of water, 2368 
Sunlight, action on plant nutrition, 416 
essential to health, 1340 
fatal to microbes. 318 
Its many properties, 1071 
no economic value, 3034 
plants that cannot stand, 2480 
Snn-power, 1093 , 1094, 1095 
used to generate steam, 4327 
8onset, beauty caused by dust, 1511, 4150 
why coloured, 2712 
Sunspots, 1739 , 1741 
coincident with aurone, 2704 
do they affect the weather ? 3362 
duration, 1982 
size and movements, 1983 
studied at Mt. Wilson, 1091 
Sunstroke, how caused, 1071 
Bun-thermometers, 3364 
“ Sun-Worshipper, The,” picture by H. 
Tuke, 190 

Superannuation, 3888 
Super-heater, in steam-boiler, 3610, 3611 
Superior, Lake, 2228, 2231, 2232 
Superman, 4376 

Superphosphate, valuo as manure, 920, 
928 , 929 , 931 

Superstition, a social force, 1127 
in lower civilisations, 1604 
Supply, artificial control of, 3762 
in relation to demand, 3759 
Suppuration, indicated by increase in 
phagocytes, 3803 
«mfrbathing, 1912 
Surface-making, of roads, 2425 
Surgery, antiseptic, 3796 
antiseptic, in London hospitals, 3800-1 
antiseptic, in Russo-Japanese War, 3799 
aseptic. 3796 
cosmetic, 3802 
Suricate. 2134 
Surtsheller, lava rave, 8907 
Survival, of fittest, 1281 
Survival, of personality after death, 4303 
Survival-value, 408, 1396 
Susa, excavations at., 3983 
Susoeptibility, varying in different people, 

Suslik, 1656, 1658 

Sutton, Dr. fiarvey, experiments on heat- 
apoplexy, 3190 

Sverdrup, biography, 5009, 5009 
Swallow, 2494 

Swallow-holes, how caused, 2830 
Swallow-tail moth, 3091 
Swammerdam, Dutch philosopher, 1881 

Swamp, 2235 

harbourcr of mosquitoes, 3444 
mangrove, 2235 
Swan. 2740 
black, 2738 
white, 2499 
Swarm, of bees, 3943 
Swatch. 1868 

8weat, how produced, 1545 
Sweating-den, tailors', in East- End, 2209 
Swede, length of seed-life. 2003 
Sweden, coal exports and imports, 2079 
emigration in 10 years, 4359 

K owth of merchant marine, 1476 
crease of exports in 9 years. 2921 
railway mileage, 1601 
rich in iron-ore, 744 
shipbuilding (in 1911), 1480 
trade progress in 20 years, 1354 
Sweetness, how tasted, 2627 
Sweet-peas, 1170. facing 807 
Sweets, why children like, 3236 
Sweet-william, facing 807 


Swift. 2494 
“ Swift.” H.M.8.. 2760 
Swimming, 830, 831 
value to nealth, 701 
Swimming-baths, 833 
Swimming-beUs, 3819 


Swiss, their patriotism, 4004 
their treatment of tuberculosis, 3321 
Switohboard, electric, 4093 
telephone, 705 
Switserlana, increase of exports in 10 
years. 2921 

nationality of commercial travellers in, 
1238 

railway mileage, 1601 

railways in, 4216 

trade progress in 20 years, 1354 

Swordfish, 3462 

Sycamore, development of leaf, 2 369 
fruit developing from flower, 3806 
its length of life. 4172 
when introduced into Britain, 4169 
winged seeds, 2844, 2849 - 
Syoandraraphansus, British sponge, 3818 
Syenite, 2779 
as road-paving, 2120 
Sylviculture ; see Forestry 
Sylvine, where found, 781 
Symbiosis, 2719 

Symington, William, adapted steam- 
engine for marine locomotion, 3502 
biography, 5056 
Sympala, 4187 

Sympathy, a false emotion, 3473 
how induced, 3587 

Synchroniser, 3726 

Synohronome, system of time-keeping, 
3731, 3733, 3735 
Syncline, definition of, 3431 
diagram, 3433 
Syndicalism, 2324 
denounced by Socialists, 2686 
Synovial membrane, 1063 
Syphilis, a racial poison, 3775 
caused by an animal parasite, 2959 


Table Mountain, its tablecloth of cloud, 
2708, 2825, 2826 
Tableland, 3545 
Taboo, 1720, 1725, 3051 
Tadpole, 295, 1575, 3302 , 3335 
its mouth, magnified, 969 
Tfthr, 1533. 1534 
Tail, valuable in climbing, 692 
Tainted Btock, 2695 
Taj Mahal. 4268 
Takin, 1533, 1534 

link between goats and antelopes. 301 
Talbot, W. H. Pox, biography, 5057 
discovered how to print photographs, 
3487 

early photograph by, 3484 
Talking- machine, how invented, 1802 

HKK AlJtO MKAMOPHONK AN1I PHOXOd KAI'II 

Tamarngal, salt desert, 3555 
Tanager, 2980 
blue, 2977 
scarlet, 3151 
Tangle, seaweed, 4291 
Tanjong Priok, 2311 
Tank, experimental, for ship 
models, 3502 

in irrigational engineering, 1700 
Tannery, Bermondsey, 2900 
Tannin, 2393 

used in making leather, 2900 
Tanning, 2900 

American factories, 2898-2907 
Tantalum, an element, use as a lamp 
fllament, 525 

use in electric lighting, 2890 


Tape-machine, 2060 
how Invented, 1801 


Tape- worm, 4180 
typical parasite, 2959 
Tapir, its distribution, 301 
Tar, apparatus for collection from gas- 
producer, 3845 
by-product of coal, 1442 
its by-products, 1 442 
yield from a ton of coal, 482 
Tarantula, 4184 
Tar-dresiing, of roadR, 2425 
Tarei, seed-dispersal of. 2964 
Tariffs, history’ of English, 4236 
Tar-maoadam, as road-paving, 2429 , 2429 
Tar-oil, use In the Diesel engine, 1921 
Tarpon, 3579, 3580 
Tarder, 181 

Tanas, or ankle, 820, 827 


Tartars, reason for virility, 498 
types of. 499 

Tasman, biography, 5010, 5010 
Tasmanian Devil, 2013 
Tasmanian Wolf, 2013 
Tasmanians, primitive race, 1364 
why they disappeared, 442 
Taste, how acquired, 3234 
its bulbs on the tongue, 2622, 2027 
Tate, John, first maker of paper in 
England, 602 

Taurus, constellation, 4257, 4259 
Taussig, Prof., economist, 3280 
Tawing, 2900 

Tay Bridge, disaster to the, 2299, 2301 
Taylor, F. W.,’ inventor of high-speed 
tools, 3009 
Tayra, 1296 
Tchad, Lake, 2235 
Tea, as a drink, 2390, 2391 
British imports of. 2437 
cultivation in India, 3614 
Empire's growth in production, 191 
industry, 3617 
national beverage, 3613 
plantation in Ceylon, 489 
plantations, 3612-3617 
planting a seedling, 3615 
promotes wakefulness, 13191 * 
sorting leaves, 36 16 
Teak-tree, 2671 
Tears, 2385 

Teasel, at fruiting stage, 2969 
Teeth, adapted for many foods, 3233 
artificial, 3237 

decayed, prevalent among school chil- 
dren, 1254 
man's, 1423 

why they decay, 3117, 3591 
Teguexin, 3221 ■ 

Teju, 3221, 3221 

Telegraphone, 1812 

Telegraphy, essentially a monopoly, 3519 
Hughes’s invention, 4794 
of pictures, 81 
Rost Office system, 1828 
wireless, 83, 2033, 2032-2045 
wireless, used in a fog, 196 
Telepathy, 3945, 4304 
Telephone, automatic connection, 703, 
708, 716 

essentially a monopoly, 3519 
exchange at Stockholm, 1830 
future possibilities, 706. 717 
in diving apparatus, 1581, 1589 
mechanism described, 704 
on a railway train, 88 
Post Office system, 1828 
wireless, 703 

wireless, by means of singing are, 
712-13 , 718 

wireless, in aeroplane, 719 
wireless, in submarine, 702 
wireless, Shannon's portable instru- 
ment, 719 

wireless, through the earth, 711 
Telephonograph, 716 
Telephotograpb, of red <lecr, 3495 
Telephotography, 3493 
Telescope, best in America, 1079 
built by Karl of Kossc, 1084 
casting its lens, 3027 
different kinds, 1082 
invented by Janssen, 200, 966 
large dimensions today, 200 
revealing power, 132 

Telford, Thomas, biography, 2425, 4949, 
4950, 4951 
bridge-builder, 3376 
engineering works, 2418 
Tell-el-Amarna, excavations at, 3984 
Tell-el-Kadi, spring at, 2349 
Telleus, 3823 

Telluric currents, associated with aurone. 
2704 

Temperament, 3589 
Temperance, at Panama Canal, 1943 
recent progress, 2757 
Temperature, causes of variation, 1388 
effects on atmosphere, 1625 
effects on trees, 4052 
how sensed, 2624 
influence on seaweeds. 4285 
i elation to disease, 2754 
Temporal bone, 2503 
Tench, 3692 

Tenderness, a valuable emotion, 3472 


) 
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Tendons, 048 
Tendrils, Leaf. 2251 2252 
Tenerife, cause of its equable tempera* 
ture, 2710 
Pr*ak of, 4029 

Tennis, vuIuh as a game, 1013 
Tenreo, 1181 

Tensor tympani, muscle in the ear, 2503 
Terebella, 4178 

Terminator, on the moon, 2220 
Termite, 54 
Tern, 2616, 2gih 
Terraces, petrified, 2471 
Terraces, white. New Zealand, 4028 
Terrapin, elegant, 1891 
Terrier, 1055 

Terror, as an emotion. 3468 
Tertiary Bra, period of big mammals, 402 
Tesla, Nikola, biography, 5057 
Testa, or Reed-coat, 2002 
of wheat-grain, 2004- 5. 2128 
Tetanus, decrease in U.S.A., due to anti- 
toxin, 4046 

dislike of itH microbe to air, 3076 
serum for fighting. 4047 
Tethys, a satellite of Saturn, 3063 
Tethys, Sea of, 268, 1866, 3433 
its range. 404 
TetranyoffuMtelarius, 4186 
Tetronal, dangerous drug, 2158 
Teufelstein, boulder, 3066 
Teutons, 1845 

Tewin, its famous tomb, 1771 
Textiles, British imports and exports, 
2673 

British trade in, 097, 2679 
Thales of Miletus, biography, 5035 
pioneer of evolution, 1033 
Thallium, an element, discovered by 
Sir W. Crookes, 524 i 

its plasticity, 049 
Thames, River, 2586 
gradient of, 2318 
Thames Tunnel, 1200, 1202 , 1203 
Thaw, why it bursts a pipe, 1750 
Thebes, Upper Egypt, excavated temple 
at, 3988 
Theine, 2392 
Theobromine, 2396 
Theodolite, 3366 
Theodora of Byzantium, 878 
Theory, must square with facts, 646 
Thermit, used in welding, 654 
Thermo-dynamics, 1918 
Thermograph, 1625 , 1627 
Thermometer, 3363 
its principle described, 1625, 1626 
Thermos flask, 456, 456 
Theta Orionis, multiple star, 3904 
Thioknee, 2732 , 2732 
44 Thinker, The,” by A. Hodin, 1636 
Thirlmere, Lake, source of Manchester’s 
water, 724 

Thirst, true definition of. 2631 
why excessive, in fever, 952 
Thistle, carline, 2842 
dwaif. 2725 
leaf, 2366 
t sow, 2725 

Thomas. Sidney, inventor of steel process, 
223, 1954 

Thompson, S., biography, 4960, 4960 
Thomson, J. A., biography, 4982, 4983 
on Evolution of S.;x, 661 
Thomson, Sir J. J., analysed electrons, 
1027 

biography, 453, 454, 4:)00 , 4961 
breaks up the atom' 211 
experiments with cathode rays, 3244 
Thorite, 1155 

Thorium, an element, where found, and 
how used, 525 
use in lighting, 2885 
Thom, 2724 
Thorn-apple, 2722 
fruit, 3804 

its malodorous leaves, 2724 
Thornbaok, 3464 

Thorndike, William, engineer on Oroya 
Railway, 4207 
Thought, 2985 

how it can be controlled, 3708 
sculpture by D. F. Puech, 2985 
Thought-transference, 4304 
Thread, finest from melted quartz, 208 
how made for sewing, 348 
Thread- worm, 4180 
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Three-eolour process, 3496 
Thresher-shark, 3462 
Threshing-machine, 1047 
Thrift, 3885 

Throwing, in silk industry, 3746 
Thrush, 2496 
missel, 2492 
Thrust, geological, 3430 
Thule, the outermost asteroid, 2822 
Thumb, radiograph of dislocated, 3246 
Thunder, produced by rain, 2710 
Thunder-oloud, 2711, 2713 
Thunderstorm, its cause, 3370 
Thylacine, 2099, 2013, 2014 
Thymus, 1544 

Thymus gland, useful in. diseases, 4043 
Thyroid extract, 3920 
Thyroid gland, 1548 
developed by porridge diet, 3356 
Thyroid secretion, 2160 
Tibet, its small rainfall, 3546 
minority of women, 498 
Tibia, bone in leg, 820, 826 
Tibialis anticus, muscle, 940 
Tioino, River, 2352, 2353 
Tick, 4177, 4186 
fallow deer, 4185 

Tidal aotion, effect on tho moon, 2220 
Tides, 1988 

act as a brake on earth's rotation, 1140 

affected by tho sun, 1738 

at St. Michael’s Mount, 1987 

course round Britain, 1990 

generators of electricity, 4095 

how caused, 1991 

neap , 1989 

retarding action on planets, 1383 
source of power, 84, 4329 
spring, 1989 
Tiger, 430, 433 
sabre-toothed, 50, 402 
Tiger-lily, its scaly bull), 2133 
Till, or boulder clay, 3068 
Tillage, the old system, 1963 
value to the soil, 674 
Tilletea tritioa, fungus on wheat, 3330 
Timavo, River. 2585 
Timber, ns building material. 2777 
British oversea trade in, 997 
lluctuation of prices, 2557 
hauling, 2661 
in United States, 2667 
results of its conservation, 2557 
seasoning of, 2667 2670 
sources of Britain s supplies, 2559 
. use in mines, 2655 
use in shipbuilding, 3500 
why Britain must import., 359 
Timber-piling, in bridge-building, 3380 
Timber-wolf, in fur industry, 3148 
Timber-yard, a fire in, 3960 
Time, clock that distributes, 3735 
measurements of, 3719 
old methods of telling, 3725 
Time-ball, automatic, 3732 
Time-gnn, 3728 

Time-measurement, in prehistoric days, 
3719, 3720 

Tin, annual production, 358 
Empire’s growth in production, 491 
fluctuation of prices, 2556 
mining in Nigeria, 488 
output of Greater Britain, 485 
sources of Britain’s supplies, 2559 
world’s output, 620, 621 
Tinnitus aunum, 2504 
Tintoretto, pictures in school of St. Rocco, 
Venice, 4371 

Tippler, at coal-mine, 481 
Tissue, made by blood, 1183 
maintained by protein, 3478 
Tissue respiration, 1303 
Titania, moon of Uranus, 3178, 3179 
44 Titanic,” ss., her position at time of 
disaster, 2051 
why it went down, 2952 
Titanium, clement used in manufacture 
of steel, 526 

Titioaoa, plateau in Bolivia, 3545 
Titmouse, 2495 

Tits, birds helpful in orchards, 3570 
Toad, 3333, 3337 
horned Californian, 3217 
Surinam, 3338 

Toad-flax, its closed petals, 3207 

Toadstool, 419, 3329 

Toast, its nourishing qualities, 3117 


Tobaooo, 2274, 3857 
American combineg3638 
.os an ansnsthetlc, 3674 
British oversea trade in, 997 
cost of materials in United Kingdom. 
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fields in Porto Rico, 3856 
flower, 3858 
flue-curing barn, 3864 
industry, 3868-3873 
leaf drying-shed in Jamaica, 3868 
number of British cfinploycd in industry, 

plant, 2272, 3089 
plantation in Cuba, 3861 
plantation in Jamaica, 3863 
plantation in Norfolk, 3861, 3862, 3865 
preparing seed-beds in S. Africa, 3859 
where cultivated, 3857 
year’s production in the United King- 
dom, 873 

Toes, use to vertebrates, 827 
14 Toiler,” ss., oil-driven ship. 1929 
Tokens, 3876 

Tokio, street in, with lanterns, 2883 
Tolstoi, biography, 5036 
Tomato, attacked by fungus, 3328 
bactenosis of, 3449 
canker, 3451 
growing, 2178, 2186 
root-knot disease of, 3451 
sections of fruit, 3813 
septoria disease of, 3450, 3451 
yellow, 1402 

Tomb, broken by trees, 1771 
Tomboro, volcano, 4032 
Tongue, 2627 

peculiarity in chameleon's, 3214 
taste- bulbs, 2622 
• use in articulation, 3224 
Tongue- worm, 4187 
Tonnage, how calculated, 1475 
Tonsils, enlarged, prevalent among chil- 
dren, 1254 
Tooth ; see Teeth 

Tooth-brush, its value to health, 35SL4 
Tooth-powder, 3594 
Topax, 909 

formed from aluminium, 654 
Torbernite, 1155 
Tornado. 1624, 1631, 2299 
Torpedo, 589, 2761 
course through sea, 2763, 2768 
its parts, 2762 
value in war, 578 
Torpedo-boat, 3012 
Torpedo-boat destroyer, 3010 
boiler explosion in, 3598 
Torpedo-fish, 3464 
Torpedo-nets, 2764 
Torpedo-tube, 2760, 2761 
Torquay, Kent’s cavern, 3906. 4726 
Torrent, 2589 

Torricelli, E., biography, 4962, 4962 
his barometer, 1508 
Torrid zone, its future possibilities, 232 
Torridonian strata, 3432, 3433, 3434 
Tortoise, 1893 
Bell’s hinged, 1891 
Caroline box, 1891 
Marion's, 1891 
Torture, 3530 
Totemism, 365, 1366 
Totem-pole, 375 
Toucan, bird, 2979, 298 L 
Toucan, constellation, its globular star- 
cluster, 4139 

Touoh, development in man and ape, 1159 
organs of, 2023 

sensations keep one awako, 1316 
Tonrmaline, 2780 
Tower, Eiffel, 2302 
Tower, Nauen, 2302 
Tower Bridge, 3390 
Tower Hill, strike meeting on, 2327 
Town, why restricted in size, 3274 
Town-hall, Cardiff, 2922 
Manchester, 2922 
Town-planning, 2924 
Townshend, Viscount, biography, 1963 t 
5009 

inventor of methods of tillage, 1964 
Township, plan of Canadian, 2426 
Toxicology, its study necessaiy to eu- 
genics, 1974 

Toxins, produced by parasies. 2959 
Toys, British imports and exports, 2804 
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Trachea, 1302, 1303.. 

Track-layfr, 1465, uh 
Trade, Britain’* foreign, 1235 
can Governments help ? 4235 
cycles of good and bad, 280.) 

©fleets of natural advantages on, 4116 
European progress in 20 years, 1354 
future of, 4353 
history of British, 4236 
international, 4115 
oversea, 903 \ 

preserver of peace, 4365 
Trade unionism, 2325 
Trade unions, as aid to thrift, 3888 
choice of leaders, 2686 
Trade winds, 1627, 1628, 1629 
Trading, co-operative, 3522 
Tragedy, its true purpose, 1789 
Tragopan, 2983 

Tram, cinematograph of, 1578-9 
express, 3007, 3008 
fitted with wireless, 2044 
Traits, the recording of human, 2812 
Tram, trackless, 4331 
Tramp, carrier of disease, 3408 
Tramways, municipal, 2929 
waste in competition in, 3519 
Transandine Railway, 4210 
Transformer, diagram of electrical, 4089 
electrical instrument, 4087 
Transit, in the future, 1677 
of a planet, 2579 
Transmutation, in radio-act ive substances, 
1270 , 1271 

Transpiration, of plants, 2307 
Transplantation, 1530 , 1531 
Transport, 1595 
the life of trade, 623 
Transportation, as a punishment, 3530 
Trapezius, muscle, 940 
Trapper, 3139 
Travel, in the future, 1677 
Traveller's tree, 1766 
Trawl, description and use, 1098 
Trawler, 1097 
T* >net ,1104,1105 
Treason, 3525 
Trebintchitza, Fiver, 2585 
Tree, 4167 
age, 3928 . 

ash destroyed by larvra, 4057 
classification, 3925 
community of, 4049 
do they attract rain? 2829 
giant, in California, 4051 
habits, 3924 
length of life, 4172 
methods of pruning, 1522, 1527 
types suited for paper, 608 
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Tree-creeper, 2495 
Tree-ducks, 274 1 
Tree-felling, 2657 
Tree-ferns, in Scilly Isles, 3191 
Tree-frog, 3336 , 3336 
Tree-houses, New Guinea, 439 
Tree-kangaroo, 2012 
ursine, 2009 
Tree-peoples, 1363 
Tree-snakes, 3101 
Tree-trunk, its structure, 2245 
Trepangs, 3321 

Treves, Sir Frederick, on antiseptic sur- 
gery, 3798 

Trevithick, R„ biography, 5058, 5059 
his road-locomotive, 5060 
“ Trial,” ss., first known iron ship, 
3500 

Triassic Era, its fossils and place, 396 
Triceps, muscle, 940 
Trichina spiralis, 2961 
Trichinosis, 4180 
propagated by rats, 2137 
Tncho-batraohus, 3335 
Triouspid valve, 1062 
Trifld nebula, 4264 
Trilobite. 3824 

characteristic fossil of Primary Era, 308 
eye, magnified, 401 
in rock, 394 

one of the earliest forms of life, 283 
* swimming in early sea, 399 
Trinidad, cocoa industry, 3628, 3629 
volcano near, 1749 
Tiional, a dangerous drug, 2158 
Tripoli, salt industry in, 4101 
scene in desert, facing 3549 


Tripoli powder, 287, 4288 
Tristan da Cunha, how it gets news, 1328 
Troohosphere, 4178 
Tropseolum, 2607 
Tropic bird, 2852 
Tropios, their large rainfall, 2825 
Troupial, 2979 
Trout, 3696, 3698 
Troy, excavation of ancient, 3989 
Trumpeter, 2732 
Trunk of tree, 2252 
structure and growth, 3026 
transverse sections of, 3931 
Trust, American Steel Corporation, 3637 
cartoons of, 3639, 3641 \ 

in Great Britain, 3639 
modern economic problem, 3035 
symbolical figure of Iron, 3632 
Trypanosome, 2962, 2963 
Trypanosomia, 2059 

Trypanosomiasis, sleeping-sickness of 
Africa, 3559 

Tsetse-fly, 2720, 3562, 4293 
as a parasite, 2959 
carrier of sleeping-sickness, 3559 
trypanosomes of, 2962 
Tuatera, 3213, 3214 
Tnbercle bacillus, 1075 
fatal to apes, 185 
Tuberculosis, 3195 
alcohol no cure, 2756 
causes of, 1251 
disease of childhood, 1255 
due to bad housing, 1731 
inheritance of, 2334 
is it transmitted ? 3774 
necessity for its notification, 3319 
notification adopted in Sheffield in 
the year (1903), 3280 
prevalence of its microbe, 68 
private conduct under, 43 L2 
spread through piilk, 2995 
surgical, 4039 

susceptibility of children to, 33 L7 
Tuckey, Dr. Lloyd, on hypnotism, 4072 
Tuke, William, biography, 5070 
Tumour, malignant, 4041 
Tundra, 3547 
in Old World. 3551 

Tungsten, in filament lamps, 2888, 2891 
in high-speed steel tools, 3000 
in Osram lamp, 525 
Tunicate, 293, 3815 

Tunis, trade progress in 10 years, 1350 
Tunnels, 1199, 1199-1217 
Tunny, fish, 3578 
Tupai, or tree-ahrew, 1180 
Tur, wild goat, 1057 
Turbine, Steam, 323, 324-335 
a revolut ioniser of steam power, 323 
Turbine, Water, 1445, 2297 
Turbo-exhauster, 329 
Turbo-generators, in Chelsea power- 
house, 4091 
Turbot, 3579, 3580 
number of its eggs, 3458 
Turkey, railway mileage, 1601 
trade progress in 20 years, 1354 
trade with United Kingdom, 1240, 1241 
Turkey, bird, 2982 
Turkey-vulture, 2850 
Turkistan, excavations in, 3992 
Turner, Prof. H. t biography, 4838 4856 
Turner, Sir W., biography, 4983 
Turner, William M„ his birthplace, 2568 
Turning, 4347 

Turning-lathe, 812, 845, 846 
Turnip, length of seed-lift*, 2003 
Turnspit, dog, 1054 

Turpentine, source of synthetic rubber, 
2168, 2659 

Turtle, forms in Cretaceous Era, 399 
leathery, 1891 
Turtle-dove, 2974 
Tuscarora Deep, 1866 
possible cause, 4032 

Tweed, River, alteration of course, 2350 
Twekkway, Mount. 3306 
Twilight, due to dus 1 . in air, 1512, 1513 
why it varies in length, 1388 
Twining, Prof., discovered movements of 
meteors, 3303 
Twinstone, 2742 
Tympanum, of the car, 2502 
Tyndall, John, biography, 159, 4963, 4963 
his house, Ilindhead, 4965 
Type-setting, 2063, 2064, 2060 


Typewriters, United States’ exports of, 
2678 

Typhlomolge rathbuni, Mexican axolotl, 
3340 

Typhoid, carriers of, 3079 
chart showing decrease duo to inocula- 
tion, 4043 

serum for fighting. 4047 
spread by house-llv, 3563 
Typhoon, 1031, 2299 
Typhus, once prevalent in ga' Is, 3530 
lyrolese, position in Austria, 4005 

u 

Uganda, control of sleeping-sickness in, 
3561 

windmill in, 2524 

Ulcor, Rodent, cured by X-rays, 1074 
Ulna, bone in arm, 820, 826 
Ultra- microscope, 959, 975. 2958 
Ultra-violet rays, in photography, 3493 
Ulva, 2489 

Ulvacets, seaweeds, 4288 
Umbrella-bird, 2980 
Umbriel, moon of Uranus, 3178, 3179 
Uncinaria, 2374 ~ 

Underclothing, its true value* 1435 
Underground Railway, 1203 
Undergrowth, shade-loving, 2480, 2484 1 
Unemployed, on London Bridge, 3764 
Unemployment, how atfeeted by insur- 
ance, 2809 

Unfit, segregation of, 2213 
Union Peak Mountains. 2354 
Unita Mts., slow rise, in elevation, 3437 
United Kingdom, coal c.\p »rt s, 2079 
emigration iu JO years, 4359 
favourable position for trading, 3030 
growth of merchant marine, 14/0 
increase of exports in 10 years, 2921 
native minerals, 2553 
oversea trade, 096, 997 
railway mileage, 1596, 1601 
State property, 3038 
trade progress in 20 years, 1354 
wealth, 3033 

United States of America, advance in 
iron, 1952 

agglomeration of races, 4007 

belief in education, 2683 

British investments in, 1000, 3041 

bulletins of eugenics, 268!) 

coal exports and imports, 2079 

coal resources, 615 

constitution, 1483 

decline in food exports, 2138 

democratic country, 2681 

food-supply problem, 2441 

future population, 510 

growth in recent years, 23 L 

growth of exports and imports, 4357 

increase of exports in 10 years, 2921 

increase of population, 2555 

increasing imports ami exports, 2917 

machinery exports, 2678 

merchant marine, 1476, 1477 

mineral resources, 020 

Panama Canal, effect on, 2199 

plutocratic rule, 2800 

progress, 2806 

racial problem, 4250 

railway mileage, 1596, 1601 

reason for its dear clothing, 2550 

shipbuilding, 3500 

shipping, 622 

symbolical figure of Iron Trust, 3632 
trade progress in 20 years, 1357 
trade with Britain. 1239 
weather forecasting in, 3370, 3371 
whito population, 4354 
wool exports, 1838 

UNIVERSE 

Tlio following are the net uni heading!) of tlio 
rtmptcro in thhi group in their <onwouli\e order 
through the Arat nix voUnnoa of thin work. Tins 
xulijccU are alftu dealt with In their proper place* 
in thu index. 

Arc we alone in the universe ? 9 
Power beyond our dreams, 129 
The oneness of all things, 257 
The eternal mills of God, 385 
All things are changing, 513 
The ultimate universe, 641 
Balancing the heavens, 769 
Tne magic of motion, 897 
Our lonely solar system, 1017 
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Mrth Qf the sola* system, 1187 
The forming of worlds, 1257 
The life-story of worids, 1377 
Iless of world-making, 1497 
Whence and whither T 1617 
The sun the lord of life, 1737 
Bscret of the sun's power, 1857 
. The clouds of the sun, 1977 
Outer parts of the sun, 2097 
. Problems of the moon, 2217 
The surface of the moon, 2337 
Shadows in the heavens, 2457 
Companions of the sun. 2577 
Our foothold in space, 2097 
Mam and minor planets, 2817 
•A sub-lord of the heavens, 2137 
Saturn the. magnificent, 3057 
The outermost planets, 3177 
A cosmic bombardment, 3297 
Wandering fire-mists, 3417 
•Stare in their courses, 3537 
A star's life-history, 3667 
Problems of Btar-land, 3777 
The grouping of stare, 3897 
A secret universal plan, 4017 
Sun-clusters and nebula, 4137 
The wdSdfirful Milky Way, 4257 
Universe, extent, 899 
geocentric theory, 1017 
heliocentric theory, 1017 
its two streams of stare, 261' 
little we know of it, 511 
will it end ? 385 
Unrest, Labour, 2323 
Hranite, 1155 
Uranium, 1148 
existing in the sun, 4271 
throwing off rays, 1270 
Uranium ore. 1165 

Uranium salts, extracted by filter-press, 
1269 

Uranus, planet, 3177 
density, 1258 * 

distance from the sun, 137 
orbit and satellites, 5179 
Urbanisation, evil of, 1729 
growth in recent years, 1043 
Urohilis, sea, 3821 

Urea. 1647 * 

as a local anaesthetic, 3680 
Uric-acid, is it a product of food ? 3350 
Uromyoes, 3328 

Una Major Xi, double star, 3904 
mi am) Quit at Bui 


Ustilago avencs, 3330 
Utah, desert, 3552, 3555 
Uto-odlour, process in colour-photo- 
graphy, 1572, 3497 
Utopias, their impracticability, 1404 


Vacoination, 2004 
evil of exemption law, 4318 
of hlB son by Jenner, 3914 
value of, 3081 
what happens after, 3081 
Vaooine, 3081 

Vaouum, principle in thormos flask, 456 
Vaouum-boz, how It stops a train, 2646 
Vaouum-oleaner, 2652, 2653 
Vaouum-engine, invented by Huyghcns, 
3604 

Vagabond, how treated in Elizabethan 
times, 3284 

Valdars, waterfall, Norway, 3789 
Vallsy ol Glass, Guernsey, 1289 
Valleys, numerous among Alps, 3306 
onjhe moon, 2341 
Value, in an economic sense, 3755 
Valve-hammers, 2646 
Valves, in heart, 1062 
Vambery. A., biography, 6011, 6011 
Vampire hat. 303 

Vanadium, element, used In manufac- 
ture of Bteel, 525 

Van*t Hoff, Jacobus, biography, 4965 
Vapour, 1387 

its condensation causing heat, 2708 
Var. River, varying discharge of 2351 

continuous, 2355 


Variation, (contd.) dependent on repro- 
duction, 413 
dUcontinuous, 2355 
why and how it occurs, 795 
Varnish, made from wheat, 2162 
obtained from coal, 483 
Vasenlar bundle, 2365, 2366. 3929 
Vase, how moulded, 987 , 988 
Veddahi, Ceylon, 436 
monogamous customs, 369 
primitive people, 440 
vega* star in Lyra, 4259, 4260 
rate of motion, 4019 
Vegetables, development, 1402 
diseases, 3449 
food value, 3358 
how preserved, 3123 
improved by crossing, 1 408 
Vegetarianism, 193, 3353 
Vegetation, in primal forests, 2699 
Vein, 1063 

blood it contains, 1183 
of leaves, 2364 
renal, 1542 

structure and function, 1068 
why it becomes varicose, 693 
“ Vellkoross,” oil-driven ship, 1930 
Velvet, ho* it is made, 3751 
Vendaoe, salmon-llkc fish, 3699 
Venice, commerce symbolised, 3037 
glass-making, 3020 
school of St. Rocco, 4371 
Ventilation, 445, 1907 
in a theatre, 319 
in coal-mines, 473 
modem study. 3283 
necessary in clothes, 1434 
value in health, 315 
Ventriole, part of heart. 1062 
Venule, 1063 , 1068 
Venus, planet., 2579 
as revealed by Galileo, 1022' 
density, 1258 

imaginary landscape on, 2683 
light within its crescent, 2581 
varying phases, 2582 

Venus' flower-basket, 908, 3817 
Venus’ fly-trap, 2008, 2609 
Venus of Milo, 1555 
Venus shells, 3823 
Verkhoyansk, 3188 
its cold temperature, 3190 
Vermicelli, 3119 

Vermin, spreaders of disease, 3562 
Vernation, of a plant, 2364 
of beech-leaves, 2364 
Verona, Ponte Pietro, 3378 
Veronal, dangerous drug, 2158 
evil effects, 1317 
Verrugas viaduct. 4207 
Vertebra, 820, 824 

Vertebrates, contrasted with inverte- 
brates, 600 

Vertigo, its cause, 2748 
Vervain, its inflorescence, 3687 
Vespucci, Amerigo, biography, 6012 , 5013 
Vesta, an asteroid or minor planet, 2822 
Vestals of Rome, 375 
Vesuvius, 4024, 4029 4031, 4037 
change in shape. 4030 
its eruptions. 4145 

Viburnum, when introduced into Great 
Britain, 4169 

Viotoria Falls, I guar, u River, 3789 
Zambesi, 3784 
" toria regia, 
mals, 2726 
Vicugna, 934, 934 

Vieliczka, Austria, salt-mine, 4103, 4104 , 
4106. 4111 

Village, life in olden time, 2205 
model, 1850 
Villi, 1420, 1427 

Vilmorin, creator of new plants, 1407 
creator of sugar beet, 4222 
Vindiotiveness, in punishing crime, 3528 
Vine, 2252 

Vinegar, how obtained. 2510 
microbe that makes it, 3070 
Vine-weevil, 3573 
Violet, how disperses seed, 2967 
sweet, seed-pods bursting, 2908 
Viper .>3097 
. British, 3098, 3102 
homed, 3102 
long-nosed, 3103 
rat-tailed, 3102 


Viper (contd.), RusmII's, 8102 
Virohow, Rudolf, biography, 4084, 4986 
Virginia oreejttr, its scent, 3090 

Visoose/source of artificial silk, 3752 
Vision, 2383 

centre in the brain, 2020 
course of evolution, 1159 
defects, 1559, 3712 
defects among children, 1252 < < 
Vision-memory, 32SV 
Visions, of Joan of Arc, 2144 
of St. Helena, 2149 
phenomena of, 3951 
Sir J. Millais', “ Speak, speak ! " 3952 
Visuals, 2507 
Vitalism, 1521 

Vitality, dependent on phosphorus, 910 
distinct from muscularity, 69, 1799 
Vocabulary, its range in different people, 

Volee, hygiene of the, 3717 
Voleasio action, in forming strata, 896 
Volcano, 4024, 4029, 4029, 4031 , 4033 { 
4038, 4145 
as glass-maker, 3026 
Bundalsan in eruption, 4148 
causes of eruptions, 4036 
Cotopaxi, 1384 
distribution, 4031 
extinct, 4031 
Icelandic, 4027 
islands formed by. 3665, 3666 
Krakatoa Ii eruption, 4149 
mud-flow Invading a town, 4144 
Pelta in eruption, 4162 
section through Etna, facing 4029 
source of carbon dioxide, 1392 
source of water, 174S 
Stromboll in eruption, 4147 
submarine, 1748, 1749 , 4031 
Vole, field, 2142 
water, 2142 

Volga, River, prolific of sturgeons, 8700 
Volition, in man and animal, 3831 
paths of, 3704 — mi -i 

Volta, Alessandro, biography, 5060' ,. 
Voltage, explanation of, *'.087 
how transformer reduces, 4089 
Voltaire, biography, 5037, p037 
Volvox, 1574 

Von Bunge, Prof., on effect of alcohol on 
motherhood, 4012 

“ Vulcan, The Spirit of,” picture by E. A. 
Abbey, 871 

Vulcan, possible planet, 1022 
“ Vulcan,” ss n early iron ship, 3500 
Vulcanisation, 1222 

Volcano, volcano in Mediterranean, 4147 
44 Volcanos,” oil-driven ship, 1929 
Vulpecula, constellation, 4257, 4259 
Vulture, 2850 , 2858 

Vymwy Valley, Wales, source of Liver- 
pool's water, 723, /24 


Wagener, B. van, portrait, 3296 
Wages, diminished value of, 2327 
in relation to industry, 2564 
Wagtail. 2495 
pied, 2493 
Wakefulness, 1192 

Wales, erosion of its mountains, 3436 
old land-owning system, 1840 
Walking, its value as exercise, 1911 
Wallaby, 2012 
Bennett’s, 2006 
black-tailed, 2006 
In fur-industry, 3148 
Wallace, A. Russel, biography, 1277. 

1279 , 4985 {, 

man's place in the universe, 1621 V 

Wallflower, sections of its stem, 2268 
Wallpaper, combination between its 
manufacturers. 8522. 3689 
the best for health, 1077 
Wallsend. shipbuilding abed at, 3498 
Walnut, its inflorescence, 3687 
leaf-arrangement. 2364 
when introduced into Britain, 4169 
Walrus. 2372, 2378 , 2379, 2378 
Wapiti. 1415 
War. 4125 

economic impracticability, 80 

effect on races, 685 

frustrated by modem commerce, 111 
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